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ARTICLE TYPES

Instructions for the most frequent types of articles submitted to the journal.

Editorials. Commissioned by the Editor in Chief or the Managing Editor, edi-
torials deal with a subject of topical interest about which the author expresses
his/her personal opinion. No more than 1000 words (3 typed, double-spaced
pages) and up to 15 references will be accepted.

Original articles. These should be original contributions to the subject. The
text should be 3000-5500 words (8 to 16 typed, double-spaced pages) not
including references, tables, figures. No more than 50 references will be
accepted. The article must be subdivided into the following sections: intro-
duction, materials (patients) and methods, results, discussion, conclusions.
The introduction should describe the theoretical background, the aim of the
study and the hypothesis to be tested. The materials and methods section
should describe in a logical sequence how the study was designed and carried
out, how the data were analyzed (what hypothesis was tested, what type of
study was carried out, how randomization was done, how the subjects were
recruited and chosen, provide accurate details of the main features of treat-
ment, of the materials used, of drug dosages, of unusual equipments, of the
statistical method ...). In the results section the answers to the questions posed
in the introduction should be given. The results should be reported fully,
clearly and concisely supported, if necessary, by figures, graphs and tables.
The discussion section should sum up the main results, critically analyze the
methods used, compare the results obtained with other published data and
discuss the implications of the results. The conclusions should briefly sum up
the significance of the study and its future implications. For randomised con-
trolled trials it is suggested to the authors to follow the guidelines reported by
the CONSORT statement (www.consort-statement.org).

Review articles. These articles are commissioned by the Editor in Chief or the
Managing Editor. They should discuss a topic of current interest, outline current
knowledge of the subject, analyze different opinions regarding the problem dis-
cussed, be up-to-date on the latest data in the literature. Systematic reviews and
meta-analyses must be subdivided into the following sections: introduction, evi-
dence acquisition, evidence synthesis, conclusions. For systematic reviews and
meta-analyses it is suggested to the authors to follow the guidelines reported by
the PRISMA statement (http://www.prisma-statement.org). The text should be
6000-12000 words (17 to 34 typed, double-spaced pages) not including refer-
ences, tables, figures. No more than 100 references will be accepted.

Special articles. These are articles on the history of medicine, health care
delivery, ethics, economic policy and law concerning angiology. The text
should be 3000-7000 words (8 to 20 typed, double-spaced pages) not including
references, tables, figures. No more than 50 references will be accepted.



Letters to the Editor. These may refer to articles already published in the
journal or to a subject of topical interest that the authors wish to present to
readers in a concise form. The text should be 500-1000 words (1 to 3 typed,
double-spaced pages) not including references, tables, figures. No more than 5
references will be accepted.

Guidelines. These are documents drawn up by special committees or authorita-
tive sources.

The number of figures and tables should be appropriate for the type and length
of the paper.

PREPARATION OF MANUSCRIPTS

Text file

Manuscripts must be drafted according to the template for each type of
paper (editorial, original article, review, special article, letter to the Editor).
The formats accepted are Word and RTF. The text file must contain title,
authors’ details, notes, abstract, key words, text, references and titles of
tables and figures. Tables and figures should be submitted as separate files.

Title and authors’ details

¢ Short title, with no abbreviations.
e First name and surname of the authors.
e Affiliation (section, department and institution) of each author.

Notes

» Dates of any congress where the paper has already been presented.
e Mention of any funding or research contracts or conflict of interest.
e Acknowledgements.
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Name, address, e-mail of the corresponding author.

Abstract and key words

Articles should include an abstract of between 200 and 250 words. For orig-
inal articles, the abstract should be structured as follows: background (what
is already known about the subject and what the study intends to examine),
methods (experimental design, patients and interventions), results (what
was found), conclusions (meaning of the study). For systematic reviews and
meta-analyses, the abstract should be structured as follows: introduction,
evidence acquisition, evidence synthesis, conclusions. Key words should
refer to the terms from Medical Subject Headings (MeSH) of MEDLINE/
PubMed. No abstracts are required for editorials or letters to the Editor.

Text

Identify methodologies, equipment (give name and address of manufacturer
in brackets) and procedures in sufficient detail to allow other researchers to
reproduce results. Specify well-known methods including statistical proce-
dures; mention and provide a brief description of published methods which
are not yet well known; describe new or modified methods at length; justify
their use and evaluate their limits. For each drug generic name, dosage and
administration routes should be given. Brand names for drugs should be giv-
en in brackets. Units of measurement, symbols and abbreviations must con-
form to international standards. Measurements of length, height, weight and
volume should be given in metric units (meter, kilogram, liter) or their deci-
mal multiples. Temperatures must be expressed in degrees Celsius. Blood
pressure must be expressed in millimeters of mercury. All clinical chemistry
measurements should be expressed in metric units using the International
System of Units (SI). The use of unusual symbols or abbreviations is strong-
ly discouraged. The first time an abbreviation appears in the text, it should be
preceded by the words for which it stands.

References

It is expected that all cited references will have been read by the authors.
The references must contain only the authors cited in the text, be numbered
in Arabic numerals and consecutively as they are cited. Bibliographical
entries in the text should be quoted using superscripted Arabic numer-
als. References must be set out in the standard format approved by the
International Committee of Medical Journal Editors (www.icmje.org).

JOURNALS

Each entry must specify the author’s surname and initials (list all authors when
there are six or fewer; when there are seven or more, list only the first six and
then “et al.”), the article’s original title, the name of the Journal (according to
the abbreviations used by MEDLINE/PubMed), the year of publication, the

volume number and the number of the first and last pages. When citing refer-
ences, please follow the rules for international standard punctuation carefully.

Examples:

— Standard article.

Sutherland DE, Simmons RL, Howard RJ. Intracapsular technique of trans-
plant nephrectomy. Surg Gynecol Obstet 1978;146:951-2.

— Organization as author

International Committee of Medical Journal Editors. Uniform require-
ments for manuscripts submitted to biomedical journals. Ann Int Med
1988;108:258-65.

— Issue with supplement

Payne DK, Sullivan MD, Massie MJ. Women’s psychological reactions to
breast cancer. Semin Oncol 1996;23(1 Suppl 2):89-97.

BOOKS AND MONOGRAPHS

For occasional publications, the names of authors, title, edition, place, pub-
lisher and year of publication must be given.

Examples:

— Books by one or more authors

Rossi G. Manual of Otorhinolaryngology. Turin: Edizioni Minerva Medica;
1987.

— Chapter from book

De Meester TR. Gastroesophageal reflux disease. In: Moody FG, Carey
LC, Scott Jones R, Ketly KA, Nahrwold DL, Skinner DB, editors. Surgical
treatment of digestive diseases. Chicago: Year Book Medical Publishers;
1986. p. 132-58.

— Congress proceedings

Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiol-
ogy. Proceedings of the 10th International Congress of EMG and Clinical
Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

ELECTRONIC MATERIAL

— Standard journal article on the Internet

Kaul S, Diamond GA. Good enough: a primer on the analysis and interpre-
tation of noninferiority trials. Ann Intern Med [Internet]. 2006 Jul 4 [cited
2007 Jan 4];145(1):62-9. Available from:
http://www.annals.org/cgi/reprint/145/1/62.pdf

— Standard citation to a book on CD-ROM or DVD

Kacmarek RM. Advanced respiratory care [CD-ROM]. Version 3.0.
Philadelphia: Lippincott Williams & Wilkins; ©2000. 1 CD-ROM: sound,
color, 4 3/4 in.

— Standard citation to a homepage

AMA: helping doctors help patients [Internet]. Chicago: American Medical
Association; ©1995-2007 [cited 2007 Feb 22]. Available from: http://www.
ama-assn.org/.

Footnotes and endnotes of Word must not be used in the preparation of
references.

References first cited in a table or figure legend should be numbered so that
they will be in sequence with references cited in the text taking into con-
sideration the point where the table or figure is first mentioned. Therefore,
those references should not be listed at the end of the reference section but
consecutively as they are cited.

Titles of tables and figures

Titles of tables and figures should be included both in the text file and in
the file of tables and figures.

File of tables

Each table should be submitted as a separate file. Formats accepted are Word
and RTF. Each table must be typed correctly and prepared graphically in keep-
ing with the page layout of the journal, numbered in Roman numerals and
accompanied by the relevant title. Notes should be inserted at the foot of the
table and not in the title. Tables should be referenced in the text sequentially.

File of figures

Each figure should be submitted as a separate file. Formats accepted: JPEG
set at 300 dpi resolution preferred; other formats accepted are TIFF and
PDF (high quality). Figures should be numbered in Arabic numerals and
accompanied by the relevant title. Figures should be referenced in the text
sequentially.

Reproductions should be limited to the part that is essential to the paper.
Histological photographs should always be accompanied by the magnifica-
tion ratio and the staining method.

If figures are in color, it should always be specified whether color or black
and white reproduction is required.
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HANDS-ON WORKSHOP on VENOUS DISEASE
Grand Resort, Limassol, Cyprus
27-29 Oct, 2016

Save the datel

Participants are limited to 100 - first come first serve

The annual EVF HOW provides the most comprehensive workshop in venous disease in Europe.
It is for you who want an introduction to or need an update of the management of venous disease.
Open to all specialty physicians, including physicians in training.

¢ TUnique program focused on hands-on learning

e Review of the "state-of-the-art” management

e [nformal interaction with instructors during all sessions
¢ Bring your own case for discussion

¢ Informal and friendly atmosphere

The associated EVF HOW website enhances your learning experience.
e Available before, during and after the workshop
e Free access included in the registration fee
e All presentations uploaded
e Contains suggested reading, important references and guidelines
e (Case reports posted

Visit www.evivip.com for further information

For further details please contact Directors:
AnneTaft Bo Eklef
Eurapean Venous Forum, PO Box 172, Peter Meglén
Greenford, Middz, TBe 92N, UK Andrew Nicolaides

Tel/Fax: +44 (0020 85757044
Ermail: agdminf@enropeanvenousfonim org



—eV'F_' m ’P,US Improving the skill sets of venous therapists

Stenting of the Femoro-Ilio-Caval
Outflow

EVF HOW Plus Course in Modena, Italy

Main Objective: To ensure sufficient skills by providing detailed knowledge,
simulator training and preceptorship in a clinical setting to initiate the use of a
procedure

Unique opportunity! Apply for this unique course immediately. Registration is
limited for 4 learners. The last day of application is March 14, selection will
then be made by the organizing committee

Is this the course for you?
e This is not a course in basic endovascular skills for beginners!
e Previous attendee of EVF HOW has preference
e Proven endovascular skills such as DUS guided access, placing of sheaths,
handling guide wires and catheters etc. is necessary before training in
percutaneous procedures

Course Directors: Marzia Lugli and Oscar Maleti
Course Dates: 18 - 19 April 2016
Venue: Hesperia Hospital, in Modena, Italy (25km from Bologna Airport)

Course fee Euro 1,000 includes:
¢ All learning events (see detailed program on www.evfvip.com)
e Simulator training on the latest models as available
e Scrubbing in on stenting procedures with expert interventionalist
e Suggested reading with access to guidelines and references
e Refreshments, lunches and dinner

For further information and registration form see www.evfvip.com or contact Dawn Bond at

European Venous Forum, PO Box 172
Greenford, Middlesex, UB6 SZN, UK

Tel/Fax: +44 (0)20 8575 7044
Email: exhibition@europeanvenousforum.com
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Unique opportunity!
Deep Valve Repair

EVF HOW Plus Course in Modena, Ttaly

Main Objective: To ensure sufficient skills by providing detailed knowledge and
preceptorship in a clinical setting to initiate the use of a procedure

This is Truly a unique opportunity! Apply for this unique course immediately.
Registration is limited to 4 learners. The last day of application is March 14. Then
selection will be made by the organizing committee.

Is this the course for you?
e Previous attendee of EVF HOW would be an advantage

¢ Proof of sufficient experience as a surgeon of exploration of arteries and veins
before training in open venous procedures.

Course Directors: Oscar Maleti and Marzia Lugli
Course Dates: 9 - 10 May 2016

Venue: Hesperia Hospital, in Modena, Italy (25km from Bologna Airport)

Course fee Euro 1,000 includes:

All learning events (see detailed program on www.evivip.com)
Scrubbing in on valve repairs with expert surgeon

Suggested reading with access to guidelines and references
Refreshments, lunches and dinner

For further information and registration form go to www.evfvip.com or contact Dawn Bond at

European Venous Forum, PO Box 172
Greenford, Middlesex, UB6 9ZN, UK

Tel/Fax: +44 (0)20 8575 7044

Email: exhibition@europeanvenousforum.com
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Sisyphus Belied!

More than four years ago Angelo Scuderi, President
of UIP commissioned BB Lee to lead a consensus group
on venous hemodynamics of the legs. ’BB” took on the
task courageously to coordinate the ideas of more than
70 phlebologists from around the world. It seemed like
a Sysiphian task in Greek Mythology— ceaseless effort
doomed to failure from the outset.! But being a South
Korean by birth he has defied the Sisyphian fate, suc-
ceeding above and beyond all expectations. This trans-
global effort has required time, scholarship and, not
least, considerable leadership skills to keep the effort
focussed. Together with the editorial team of Andrew
Nicolaides, Ken Myers and Mark Meissner, ”"BB” has
produced a consensus document of great value for all of
us involved in the management of patients with venous
disorders of the legs. The document with 10 chapters of
high scientific quality includes several hundred abstrac-
ted references. We provide below a critique of selected
chapters.

Critical commentary

The first chapter on basic venous hemodynamic
concepts and physiology of venous flow is a tour de
force. The chapter consolidates information fragmented
across the literature into a concise summary. A lot of
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the new information derives from the contributions of
Professor Nicolaides and his international team (many
of Greek heritage, continuing the title thread) who have
led the investigation of chronic venous disease (CVD)
over four decades.

Chapter 3 presents a comprehensive treatise on our
present understanding of hemodynamic changes in
CVD and associated changes in the skin and superfi-
cial tissues of the lower extremity. This chapter assigns
contributions from the world’s literature to the com-
plexities of venous reflux and obstructive disease in an
organized manner, ranging from basic research to clini-
cal situations. The chapter addresses critical elements
in venous hemodynamics relating them to various pat-
hophysiologic features of superficial venous conditions.
It links disparate references in the literature together to
demonstrate how microvascular and molecular events
provide a rational basis for the swelling and inflamma-
tion that occurs in purely reflux disease. It describes the
relative contributions of reflux in the separate anatomic
divisions of superficial, perforating and deep veins.
There are separate analyses of the effects of reflux and
obstruction, as well as consideration of the additive se-
quelae from a combination of proximal obstruction and
distal reflux. This chapter is a must read for all those
who treat CVD.

Chapter 7 presents a review of the literature concer-
ning the hemodynamic effects after correction of reflux
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Figure 1.—Sisyphus in a painting by Titian (1549).

in superficial, perforating and deep veins. This is an im-
portant addition to provide perspective on our ability to
reverse the abnormal hemodynamics in reflux disease
and correlate these improvements with the clinical con-
dition of the patient.

While we have learned to improve many abnormal
states by ablative and reconstructive techniques, the
basic pathologic processes that initiated the disease
continue unreversed in many limbs with CVD mani-
festations. For this reason, recurrence of reflux in the
same or a different part of the treated extremities can be
expected and should be factored into analysis of results.
This means that short term duplex results may not re-
flect long term outcome.

The chapter on pelvic congestion and deep venous
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Figure 2.—Prof. Byung-Boong Lee.

obstruction (Chapter 9) details current literature,
though a synthesizing view is absent. This is a reflec-
tion of the uncertainties inherent in any rapidly evolv-
ing new technology and lack of hemodynamic infor-
mation in the literature. Empiric clinical observations
often precede global understanding when new treat-
ment modalities are applied. The prevailing confusion
over hemodynamic assessment of obstruction may
largely be due to application of techniques used in re-
flux (as pointed out in the chapter) for assessment of
obstruction. Elevation of peripheral venous pressure
is the basis of micro vascular injury and CVD mani-
festations. A common thread among the many studies
abstracted in the chapter is the reduction of peripheral
venous pressure following treatment of obstruction.
There is decompression of the peripheral venous tree
after iliac vein stent placement.2 Collateral develop-
ment is likely related to shear, not peripheral venous
pressure; hence the noted discordance between collat-
erals and symptomatic obstruction. The poor conduc-
tance potential of small calibre veins (=nr#) of collat-
erals is often ignored. After placement of a large stent,
collaterals “disappear” for this reason. Venography
in general has poor sensitivity for iliac vein lesions
and IVUS has proven to be more informative. There
is little coverage of this technique in the document
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again because of lack of hemodynamic measurements
associated with IVUS or stenting. Nevertheless, stent
technology for the treatment of iliac vein stenosis has
rapidly advanced, outpacing RCT confirmation (and
up to date coverage in this document). Recent SVS/
AVF guidelines assign a recommendation of Grade 2A
for stent treatment of venous leg ulcers.3 The complex
interplay between deep venous reflux and obstruction
is an ongoing enigma. Pertinent references related to
this topic can be found in the SVS/AVF guidelines.

Controversies

Several chapters in the document deal with contro-
versial topics. The Editors have done an excellent job at
providing a balanced view of opposing view points. By
including only references with quality evidence, they
have provided a basis to further explore these topics ba-
sed on facts, not dogma.

Management of incompetent perforating veins (IPV)
is still a controversial issue. In chapter 7 there is a good
review of available studies on hemodynamics after abo-
lition of IPV reflux in limbs with superficial and perfo-
rating vein reflux. To guide the physicians on the clini-
cal controversy of IPVs we recommend further reading
of SVS/AVF guidelines:*

1. We recommend against selective treatment of IPVs
in patients with simple varicose veins (C2);

2. We suggest treatment of “pathologic” IPVs (out-
ward flow of >500 ms duration, with a diameter of >3.5
mm), located beneath healed or open venous ulcer (C5-
C6); treatment can be performed simultaneously with
correction of axial reflux or can be staged if perforator
incompetence persists after abolition of axial reflux.

The presentation of CHIVA and ASVAL (Chapter 8)
is good and more understandable than others we have
seen. CHIVA is based on meticulous duplex scanning
investigation of the superficial and deep venous sys-
tem which should set the standard for management of
patients with CVD. But the concept of preservation of
a refluxive GSV is a controversial issue due to limited

EKLOF

hemodynamic measurements before and after the pro-
cedure. The consequences of the CHIVA principles get
even more questionable in patients with deep venous
reflux.

ASVAL is based on the ascending or venous wall the-
ory which was advocated by many in the 1980s. Michael
Hume, a Founder and past president of AVF was also one
of the founders of the informal ’Society for the preserva-
tion of the main trunk of the saphenous vein”. Pittaluga
and Chastanet have resurrected this concept more than
25 years later. It does seem to achieve good results in se-
lected patients with mild CVD with minimal symptoms.
Most of these limbs appear to have either a competent
terminal valve or only segmental saphenous reflux.

Conclusion

An updated ’"Hemodynamic Document’ for clinici-
ans who treat venous disease is long overdue. Timeless
classics by Ludbrook, Burton, Rushmer and Strandness
& Sumner have been out of print for decades and are
not even available in the used book market at any price.
In the interim, our understanding of venous hemodyna-
mics has rapidly advanced propelled by new technology
and investigational instruments. Most authors of recent
works have contributed to the document. It is sure to
find a central place on the book shelf of clinicians, re-
searchers and libraries.
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ABSTRACT

There are excellent guidelines for clinicians to manage venous diseases but few reviews to assess their hemodynamic background. Hemody-
namic concepts that evolved in the past have largely remained unchallenged in recent decades, perhaps due to their often complicated nature and
in part due to emergence of new diagnostic techniques. Duplex ultrasound scanning and other imaging techniques which evolved in the latter
part of the 20th century have dominated investigation. They have greatly improved our understanding of the anatomical patterns of venous reflux
and obstruction. However, they do not provide the physiological basis for understanding the hemodynamics of flow, pressure, compliance and
resistance. Hemodynamic investigations appear to provide a better correlation with post-treatment clinical outcome and quality of life than ul-
trasound findings. There is a far better prospect for understanding the complete picture of the patient’s disability and response to management by
combining ultrasound with hemodynamic studies. Accordingly, at the instigation of Dr Angelo Scuderi, the Union Internationale de Phlebologie
(UIP) executive board commissioned a large number of experts to assess all aspects of management for venous disease by evidence-based prin-
ciples. These included experts from various member societies including the European Venous Forum (EVF), American Venous Forum (AVF),
American College of Phlebology (ACP) and Cardiovascular Disease Educational and Research Trust (CDERT). Their aim was to confirm or
dispel long-held hemodynamic principles and to provide a comprehensive review of venous hemodynamic concepts underlying the pathophysi-
ology of lower limb venous disorders, their usefulness for investigating patients and the relevant hemodynamic changes associated with various
forms of treatment. Chapter 1 is devoted to basic hemodynamic concepts and normal venous physiology. Chapter 2 presents the mechanism
and magnitude of hemodynamic changes in acute deep vein thrombosis indicating their pathophysiological and clinical significance. Chapter 3
describes the hemodynamic changes that occur in different classes of chronic venous disease and their relation to the anatomic extent of disease
in the macrocirculation and microcirculation. The next four chapters (Chapters 4-7) describe the hemodynamic changes resulting from treatment
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by compression using different materials, intermittent compression devices, pharmacological agents and finally surgical or endovenous ablation.
Chapter 8 discusses the unique hemodynamic features associated with alternative treatment techniques used by the CHIVA and ASVAL. Chapter 9
describes the hemodynamic effects following treatment to relieve pelvic reflux and obstruction. Finally, Chapter 10 demonstrates that contrary to
general belief there is a moderate to good correlation between certain hemodynamic measurements and clinical severity of chronic venous disease.
The authors believe that this document will be a timely asset to both clinicians and researchers alike. It is directed towards surgeons and physicians
who are anxious to incorporate the conclusions of research into their daily practice. It is also directed to postgraduate trainees, vascular technolo-
gists and bioengineers, particularly to help them understand the hemodynamic background to pathophysiology, investigations and treatment of
patients with venous disorders. Hopefully it will be a platform for those who would like to embark on new research in the field of venous disease.

(Cite this article as: Lee BB, Nicolaides AN, Myers K, Meissner M, Kalodiki E, Allegra C et al. Venous Hemodynamic Changes in Lower Limb Venous
Disease: the UIP Consensus According to Scientific Evidence. Int Angiol 2016;35:236-352)

Key words: Venous hemodynamics - Venous disease - Venous hemodynamic changes after treatment - Association between venous clinical sever-
ity and hemodynamic abnormalities - Venous macrocirculation - Venous microcirculation.
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FOREWORD

The UIP consensus document on venous hemodynamics repre-
sents the great effort of Prof. BB Lee and his collaborators over the
past four years.

At the time I took over the UIP presidency, I was challenged
by a group of colleagues to establish official documents on new
aspects of modern Phlebology particularly in some rapidly devel-
oping areas with sparse publications that were polemic, short on
evidence or controversial. The idea to produce a consensus docu-
ment on “Venous Hemodynamics” came with the promise to fill
out a major gap in our knowledge.

With the advent of new imaging technologies, especially ultra-
sound, our understanding of anatomical distribution of reflux and
obstruction improved and ultrasound provided a new dimension
in the hands on the experienced Phlebologist. However, our un-
derstanding of venous pathophysiology based on venous hemody-
namic changes has suffered.

I knew that the task to coordinate such an important project
should be given to someone special who is experienced in the pub-
lication of scientific articles and well known in all continents, with
abundant scientific knowledge, great work capacity and methodic
approach. So I thought about an Asian who had settled in the US
working as a university Professor, who had already published a few
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UIP Consensus documents and was very well connected with the
main European experts on hemodynamics. Prof. BB Lee accepted
the challenge and confronted the huge task ahead requesting col-
laboration with three distinguished Professors: Prof. Andrew Nico-
laides, Prof. Mark Meissner and Prof. Ken Myers.

This document is now concluded and published. As it will be
confirmed in the following pages, there are various and important
topics that did not reach unanimous opinions. Likewise, several
topics do not show enough evidence in quantity nor quality to
achieve universal approval. Certainly, the principles and conclu-
sions of this work shall be reviewed and added to in the future.

I want to thank all the distinguished colleagues who collaborated
with this grandiose work. I express my gratitude to the editors Prof.
Mark Meissner, Prof. Ken Myers and Prof. Andrew Nicolaides for
their time and effort. And to Prof. BB Lee a special thanks for his
dedication and accomplishment of the task.

I would like to point out that the documents produced under the
auspices of UIP during my presidency did not receive commercial
support of any kind and is therefore free from any conflict of inter-
est. Thank you all and enjoy your reading!

Dr. Angelo Scuderi
President of UIP (2011-2015)
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CHAPTER 1
Basic concepts for venous hemodynamics
and physiology of venous flow

Introduction

Lower limb veins act as passive conduits for blood
flow and as a reservoir with variable capacity, both un-
der neuromuscular control. They are tubes with valves
that are part of a peripheral pump for blood flow acti-
vated by muscle contractions. Veins are collapsible and
flow is affected by gravity and muscular contractions so
that venous flow patterns are more complex than those
in arteries. Venous flow is intermittent, varying from
high velocity to no flow.

The aim of this chapter is to present several basic he-
modynamic concepts that explain venous physiology in
normal lower limbs.

Hydrostatic pressure (gravitational pressure)

The hydrostatic pressure at any point results from the
weight of the column of blood from the level of the heart
above the point, and varies according to the body’s posi-
tion. The difference in hydrostatic pressure between any
two points in a continuous column of fluid is given by

AP=- pgAh (Eq 1.1)
where AP is the pressure difference in Pa (N/m2), p is
the blood density in kg/m3, g is the acceleration due
to gravity (9.8 m/s?) and Ah is the difference in height
in m. Conversion to mmHg is made using the relation-
ship

ImmHg=pgh=13600 x 9.8 x 0.001=
133 Pa=1.327 cm blood (Eq 1.2).

Fluid energy

It is emphasized that the force that drives flow be-
tween two points is not the difference in pressure but
the total fluid energy. This is why in a static column of
fluid, there is no flow from the bottom of the column
where the hydrostatic pressure is high to the top where
the hydrostatic pressure is low.

Given a constant density and no friction, steady flow
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between points 1 (upstream) and 2 (downstream) that
lie on the stream line provides the energy per unit vol-
ume (E/V) given by the Bernoulli equation

E/V=p + pgh + (112)pv?  (Eq 1.3).

Thus, E/V is the sum of the three terms: p which
is the Static Pressure that increases as flow velocity
slows and relates to part of the dynamic energy being
stored and converted into Potential Energy according to
the Law of Conservation of Energy, pgh is the hydro-
static pressure as described above and (1/2)pv? is the
Dynamic Pressure that arises from fluid motion which
relates to the Kinetic Energy. The equation is very use-
ful owing to its simplicity and its great insight into the
balance between pressure, velocity and elevation.

The hydrostatic pressure which is zero at atmospher-
ic pressure is not influenced by the flow velocity v al-
though it is the most variable component of pressure
in the venous system. It varies with the height of the
blood column, particularly in the lower limbs where
the pressure at the ankle changes from a negative value
with the legs elevated to around 10 mmHg lying hori-
zontally and around 90 mmHg in the stationary upright
position, enough pressure to “lift” a column of blood
120 cm from the ankle to the right atrium (90*1.327
from Eq 1.2). Muscular activity such as moving, walk-
ing or running reduces it from 90 mmHg down to 30
mmHg in the upright position in a normal circulation
due to competent venous valves that fractionate the
pressure column during muscular contraction (systole)
and relaxation (diastole). With venous disease, venous
insufficiency predominantly occurs below the knee as
excessive hydrostatic pressure cannot be reduced in the
upright position because of valvular incompetence or
outflow obstruction. The normal function of the valves
is called Dynamic Fractioning of the hydrostatic
pressure.

The pressure exerted by the fluid against the wall
of the conduits is called Lateral Pressure or Parietal
Pressure.

Recalling the Bernoulli Equation, pressure p can be
defined also as the variation of energy per unit volume

p=AE/ AV (Eq 1.4)
so that pAV is work related to expansion under the ef-
fect of p and stored in the dilated walls. If AV is nega-
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Figure 1.1.—The static pressure volume relationship (Katz, 1969).

tive, then work is a volume contraction under the effect
of previously stored energy in the wall at pressure p.

Measurement of venous pressure

Venous pressure can be measured invasively by in-
serting a catheter in a vein and connecting it by an infu-
sion set to a fluid manometer (measurement in cm H,0)
or to an electro-manometer (measurement in mmHg), (1
mmHg= 1.36 cm H,0). A zero pressure at atmospheric
pressure must be defined. The measured variable is the
difference of pressure Ap between the point examined
in the vein and the zero level.

Hydraulic pressure

This is the pressure provided by contractions of the
left ventricle via the arteries through the capillaries sup-
plying “vis-a-tergo” (i.e. pushing force acting from be-
hind) which drives the venous return. In any vein, the
hydraulic pressure is the difference between the actual
venous pressure and the hydrostatic pressure. Flow
times resistance equals vis-a-tergo.

Because veins have many communications and a low
resistance to flow, the actual venous pressure is identi-
cal in all veins in the same horizontal plane of a limb
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when at rest.! For example, the decrease in hydraulic
pressure along the great saphenous vein for a subject
in the horizontal position is 0.5 mmHg per 10 cm dis-
tance.2 3 The decrease can be less in the standing posi-
tion at rest, whereas the pressure increases in the great
saphenous vein by 1-2 mmHg over the resting level#
while standing still after exercise, which stimulates ar-
teriolar vasodilatation.2 3

Pressure-volume relationship

the behaviour of a vein depends on the structure of
the three layers in the wall. In diseased veins, the ve-
nous structure changes, while an abnormal blood con-
tent such as thrombus can add an internal layer both
causing more complex mechanical responses.

Volume and pressure in veins can change under
different conditions. The venous volume depends on
the transmural pressure, active tone of the muscular
media layer and passive compliance of the adventi-
tial layer. Especially large veins have a high passive
compliance and variable venous tone, and can store
blood with a low variation of transmural pressure.
Together, these capacitance vessels can store 60-70%
of the blood volume. This is called the “reservoir ef-
fect” of the venous system. By increasing the tone
of the venous wall this blood can be mobilized when
needed.

In a collapsed vein with an elliptical cross- stion, the
first part of the pressure-volume curve represents little
actual stretch of the vein wall. In the initial 0-8 mmHg
part of the curve, very small increments in transmural
pressure produce large changes in venous volume. As
the pressure increases, the venous cross- stion becomes
circular and further increase in volume is achieved by
stretching the wall itself. Thus, in the latter part of the
curve, large changes in pressure are associated with
small changes in volume. A typical pressure volume
curve is shown in Figure 1.1.

In some studies, volume is reported as an absolute
value starting from the unloaded volume V. However,
in order to allow a better comparison, relative volume
variation AV/V, can be plotted against pressure so that
the plot inter sts the Y-axis at the 0 value (AV=0 when
the transmural pressure is 0). The slope of a tangent
at any point on the curve is the compliance C. As the
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Figure 1.2.—Simultaneous measurements of pressure and volume with
proximal occlusion. (SPG=strain gange plethysmograph).¢

curve changes the slope at different pressure values, the
compliance also changes.5

Given the curve for percentage volume variation
against pressure, the dimension of C is the inverse of
pressure, i.e. [P]! or [L]? [F]! (mmHg!). In contrast,
using the ordinary curve for volume against pressure,
the compliance has a more complex dimension ([L]5

[F]1).

Measurement of venous compliance

Measurements can be performed on veins in-vivo or
on excised venous segments in an in-vitro laboratory
environment. Measurements in-vitro should theoreti-
cally be greater than measurements in-vivo as in-vitro
veins lack the supportive effect of surrounding tissues
and muscular tone in the wall.

AV/V, p; curves require knowledge of the transmu-
ral pressure p,. This is an important point, as the ex-
ternal pressure p, in tissue/surrounding structures is
generally unknown or not easily estimated. Using the
intravenous pressure p; instead of p, can be a useful
approximation when p; >> p,, so that p, ~ p;. On the
contrary, when the external pressure p, ~ p;, the approxi-
mation leads to unpredictable results.

The AV/V, p, curve starts at the (0,0) point, that
is % volume variation is null for a null p,. In practice,
volume is equivalent to the starting volume V,, at rest
when p=0. However, nothing can be derived about the
value of V. It could be that V is increased, as gener-
ally happens in limbs with varicose veins, so that there
is generally an increased V, and a stiffer less disten-
sible compliance curve. In practice, varicose veins are
dilated at rest and further dilation is smaller than in
a normal vein.5
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Figure 1.3.—Calculation of the elastic modulus K from the pressure-
volume relationship. (P=pressure, V=volume, Vo=initial volume).?

Calculation of elastic modulus from
the pressure-volume relationship

An in vivo pressure-volume relationship curve is ini-
tially plotted by obtaining pressure and volume chang-
es simultaneously following inflation of a thigh cuff
(Figure 1.2). The leg is elevated so that the veins are
empty prior to cuff inflation, pressure is recorded by di-
rect measurements from a vein in the foot and volume
changes are recorded by a plethysmographic technique
such as strain-gauge plethysmography. A typical pres-
sure volume curve is shown in Figure 1.3. The elastic
modulus K is given by the equation

K=AP/ (AV/V,) (Eq 1.5).

K can be converted from mmHg to SI units of Nm-2
using a standard conversion factor of 133.3. Since the
objective is to measure the elasticity of the veins dur-
ing stretching, the change in pressure (AP) and corre-
sponding change in volume (AV) are obtained in the
linear high pressure part of the pressure-volume curve
(Figure 1.3). As indicated above, at low pressures dur-
ing the initial filling of the vein there is a change in vol-
ume without any stretching of the wall, while changes
in volume at high pressures are associated with stretch-
ing. The theoretical volume V where stretching starts is
obtained at the point where the extrapolated tangents of
the curve for the initial filling phase without stretching
and the final phase with stretching inter st (Figure 1.3).
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Figure 1.4.—Model for studying flow through a horizontal collapsible
tube.”

Using this method, the mean elastic modulus K has been
found to be 13.6 (range 2.04-90.6) in 23 normal limbs,
1.13 (range 0.45-2.83) in 36 limbs with varicose veins
and 1.26 (range 0.64-2.49) in 20 limbs with reflux in the
deep veins.¢ Ideally, the elastic modulus should be cal-
culated by using the vein wall thickness, particularly as
patients with chronic venous disease have a thicker vein
wall. As the vein wall is anisotropic material, the elastic
modulus should be estimated by correcting the equation
with the Poisson’s ratio.

Flow through collapsible tubes

The ability of veins to collapse at low transmural
pressure and to vary their cross- stional area from an
ellipse to a circle with increasing pressure has been de-
scribed above (see Figure. 1.1). According to the Poi-
seuille equation for laminar flow in a circular tube, re-
sistance R is

AP/ Q=R=(8nL)/ (nr4) (Eq1.6)

indicating that for a constant length L of a vessel, resis-
tance is inversely proportional to the fourth power of
the radius. Resistance also increases as the vessel col-
lapses to an elliptical shape even although the perimeter
remains the same.

AP/ Q=R=(1211L) / (arh3) h<<r (Eq 1.7)

where r is the original vessel radius and h is the height of
the residual lumen slit. A collapsed vein with the mini-
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mum diameter equal to half of the normal radius has
about 10 times the resistance of the inflated circular lu-
men. The ability of a vein wall to stretch to increase its
circumference once it becomes circular to increase its
circumference reduces the resistance even further. The
result of varying shape and diameter is that veins can
accommodate wide ranges of flow with minimal chang-
es in the pressure gradient. The onset of turbulence for
high flow rates occurs at Reynolds numbers above 2000
for both tubular and slit like conduits computed with the
smallest dimension. Using a kinematic viscosity of 0.03
cm?/s for blood, flow is limited to
Qmax=50 cm?/s * D (Eq 1.8)

before the onset of turbulence causes extreme flow re-
sistance. Thus, for a normal average vein flow rate of
25 cmd/s, a conduit diameter of 0.5 cm is required. For
arteries, with triple the volume flow rate only in systole,
a conduit of 1.5 cm is required. A collapsed vein with a
0.2 cm slit conduit allows flow of 10 cm3/s before the
onset of turbulence marked by thrill or bruit. Collapse
occurs in two conditions: 1) when the limb is elevated
above the CVP point, 2) when surrounding tissue is
pressurized a) in a compartment by muscle contraction
or b) by compression applied through the skin.

Extravascular intrathoracic pressure which is lower
than atmospheric pressure or intra-abdominal pres-
sure which is higher than atmospheric pressure have a
profound effect on venous flow and alter the pressure-
flow relationship. These alterations have been studied
by constructing various models such as the Holt mod-
el shown in Figure 1.4.7 This consists of a reservoir
from which fluid passes through a rigid tube, then to
a collapsible tube and back to a rigid tube. The col-
lapsible tube is within a chamber in which pressures
can be varied while pressures at P1 and P2 can be
regulated by varying the height of the reservoir or the
outlet tube.

In this model P1 is constant and higher than P2 and
initially the pressure in the chamber (Pe) is atmospheric.
Provided pressure P2 is higher than Pe, the collapsible
tube within the chamber will be distended and flow will
be proportional to the pressure gradient P1-P2. When
P2 decreases below Pe, the collapsible tube begins to
collapse at the downstream end of the chamber and
eventually flow ceases. The remainder of the tube re-
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mains open and circular. Now, if the inlet pressure is in-
creased the collapsible tube becomes further distended
and flow is resumed. Under these circumstances flow is
linearly related to P1-Pe, whatever the value of P2 (in
a waterfall Pe substitutes P2). This model explains why
flow in the femoral veins decreases as intra-abdominal
pressure increases, for example during inspiration and
with the Valsalva manoeuver.

Downward flow in an inclined or vertical collapsible
tube causes the tube to collapse throughout its length.”
In this situation, there is no transmural pressure gradi-
ent between two points along the tube and fluid behaves
as if it were in free fall. When the fluid reaches a point
where there is a circular cross- stion because the veins
have filled, then a pressure gradient will develop. This is
the case when reflux occurs in varicose veins on stand-
ing immediately after the veins have been emptied by
leg elevation.

Venous valves and their function

venous valves in the lower limbs are located inside
almost all superficial and deep veins and inside most
perforating veins. They become more numerous the
further the vein is from the central circulation and they
are often absent in the iliac veins or inferior vena cava.
They are usually bicuspid and the orientation of valve
leaflets results in cardio-petal flow.8

In most perforating veins, leaflets are oriented to-
wards the deep venous system while in some the valves
are missing.® Valves in each perforating vein are usually
located below the fascia and their number varies from
one to three.

Normal valve function consists of water-tight closure
against a retrograde pressure gradient opposite to the
direction of the leaflets. Valves remain passively open
when the pressure gradient is antegrade in the same di-
rection as the leaflets. Thus, valves are responsible for
unidirectional flow to ensure unidirectional emptying of
venous compartments, a physiologic draining hierarchy
of superficial to deep flow!0 irrespective of posture or
the intra-abdominal or intrathoracic pressures.!!

Valve closure also produces a dynamic fractioning
of the gravitational hydrostatic pressure!2 which allows
correct function of the peripheral muscle pumps, dia-
stolic physiological draining flow and reduction of the
pressure strain from the venous wall (see below).
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Finally, valve closure converts peripheral muscular
pump energy to gravitational energy when diastolic
valve closure allows the blood volume propelled during
systole to store its geometrical quota to favor venous
return. Therefore, valve function cannot be dissociated
from the muscle pump and the term valve-muscular
pump is a meaningful descriptive term.

Valve opening

Valves are opened by antegrade flow induced by a
pressure gradient oriented in the same direction as the
leaflets, both at rest and in the systolic phase of muscle
contraction. Valve opening is never total because it is
hampered by the triangular thickening produced by the
annulus so that flow at the valve is reduced and veloc-
ity is increased in accordance with Bernouilli’s law.
Accordingly, the lateral pressure spreading the leaflets
decreases as blood velocity increases.!> In addition,
the high velocity during systolic flow can form jets re-
sponsible for turbulences exceeding Reynolds number
as flow enters valve sinuses bringing the leaflets even
closer. Therefore, the opening width of leaflets and their
vibrating free edges result from the difference between
these forces.!4 These turbulences wash out the tendency
for stasis at the valve sinus that could lead to adherent
leucocytes, platelets and coagulation factors.!3

Valve closure

Being not totally open,!3. 14 a valve is quickly closed
by flow reversal and a reverse trans-valve pressure gra-
dient, rather like a draft slams a semi-open door. This
closure gradient is active both at rest and during muscu-
lar contraction, closing distal valves during the systolic
phase and proximal valves in the diastolic phase.

When standing still, the hydrostatic pressure devel-
oped by potential gravitational energy is always pres-
ent and vis a tergo is then the main hydraulic pressure
that drives blood towards the heart. In this position, all
valves are open and dilated due to the hydrostatic pres-
sure so that blood velocity is low, often less than 1cm/s.
Blood flow often stops at peak inspiration as the hy-
draulic pressure gradient is reversed due to increased
intra-abdominal pressure.!5

During movement, the valvo-muscular pump adds its
effects on flow and pressure gradient and thus on valve
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Figure 1.5.—Deceleration Valve Closure. Upper: Steps of flow reversal
in a tube from forward parabolic flow to reverse parabolic flow when
the pressure gradient is reversed. Lower: Early marginal reverse flow
causes valve leaflets to coapt.

behavior. Systolic retrograde flow and pressure closes
the distal antegrade oriented valves, and blood is aspi-
rated during diastole by the muscle pump in proportion
to the muscle diastole relaxation volume/energy, so re-
versing the pressure gradient to close proximal compe-
tent valves and open distal valves.

Complete valve closure occurs when the pressure gra-
dient is applied for longer than the normal closure time
for valve leaflets. This normal closure time results in a
brief physiological reflux as pressure against the sinus
brings the leaflets together, assisted by the reduced lat-
eral pressure against their lumen side to reduce luminal
velocity according to Bernoulli equation.!4 Therefore,
the valve closure time depends both on valve character-
istics and the nature of the pressure gradient.

The first valve to close is the distal most closest to the
pump during systole 16 and proximal during diastole, re-
ferred to as dynamic fractioning of the gravitational hy-
drostatic pressure.!2 For example, calf pump diastole does
not decrease proximal pressure at the common femoral
valve but distal at the popliteal valve!”. 18 while popliteal
valve incompetence would decrease the pressure below
a competent femoral valve. Another example is the cen-
trifugal pressure gradient of the thoraco-abdominal pump
that first closes the proximal ilio-femoral valve. There-
fore, topography of the valves and their distance from the
pump favors diastolic closure of some valves.

The greater the inter-valve capacitance, the more
valves will close, reducing muscular pump preload
from the residual inter-valve volume, so as to amplify
the efficacy of dynamic fractioning of the gravitational
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hydrostatic pressure, which can be demonstrated by a
decrease in plethysmographic volume!® and pressure.2

Effect of flow profile on valve closure

There is some controversy about the relative contri-
bution for valve closure between the Bernoulli pressure
reduction20 and changes in pressure gradient!'4. Often,
veins are long and straight and flow duration is suf-
ficient to achieve a temporary steady state parabolic
laminar flow. When such parabolic flow is subject to
a reversal of pressure gradient, resulting deceleration
is uniform across the cross stion so that slow marginal
velocities are reversed before higher central velocities
(Figure. 1.5). When reversed marginal velocities im-
pinge on valve leaflets, they push the leaflets centrally
into the stream to bring their edges into apposition, seal-
ing the valve. However, if the cross- stional diameter
of the valve ring exceeds the sum of the leaflet widths,
their edges cannot appose and a high velocity jet forms
in the remaining orifice (Figure 1.6). The resulting re-
duced pressure from Bernoulli’s equation can then re-
duce the cross- stional diameter, now bringing the valve
leaflets into apposition. Thus, the leaflets and the ring
operate together to enhance valve function.

Neurogenic factors affecting valve closure

Variation in transmural pressure triggers intrinsic and
extrinsic sympathetic responses affecting wall tone in-
cluding the valve annulus, and this affects valve closure.
Increased noradrenaline concentration perfusing the ve-
nous wall through the vasa venora causes modulation of
extrinsic sympathetic tone which resets the mechanism of
valve closure.!3- 21 This may explain anecdotal observa-
tions that reflux indicating incompetent valves detected by
duplex ultrasound examination are sometimes abolished
if the patient is re-examined in a cold room. Similarly, this
negative feedback mechanism could be responsible for
primary valve incompetence in warm surroundings.

Effect of posture and exercise

When a person moves from the horizontal to the stand-
ing position, the hydrostatic pressure increases equally in
both arteries and veins of the foot by 80-90 mmHg, de-
pending on the distance of the foot from the right atrium.
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Because the arteriovenous pressure gradient remains the
same, arterial flow in a normal limb is not affected. How-
ever, flow in the veins is temporarily reduced until they
become fully distended with increased venous volume.
When pressure in the veins is increased by 40 mmHg or
more, a veno-arteriolar reflex is elicited producing arte-
riolar vasoconstriction?2-24 which together with the de-
creased flow results in a protective mechanism to mini-
mize edema formation.

If the subject is not supporting himself, small mus-
cle contractions activate muscle pumps propelling
blood cephalad and emptying veins to some extent.
Exercise (walking, running or tiptoeing) is very ef-
fective in emptying veins with marked reduction in
hydrostatic pressure. Intramuscular pressures in the
gastrocnemius and soleus muscles increase from 9-15
mmHg when they are relaxed to 215-250 mmHg dur-
ing contraction.!® In normal individuals, tiptoeing
causes the pressure in the foot to reduce from 80-90
mmHg to 25 mmHg. As a result, the pressure gradi-
ent from arterioles to venules is increased allowing the
high blood flow required by the muscles and increased
blood supply to the right atrium required to maintain
an increased cardiac output.

Effect of exercise on venous pressure

Early experiments demonstrated that during walk-
ing the mean venous pressure is decreased in a nor-
mal limb by approximately 60 mmHg after 3-12
steps reaching a steady state which is approximately
22 mmHg at 1.7 miles per hour (40 steps per min-
ute).2> There is very little further decrease in pres-
sure at higher speeds. However, below this speed the
decrease in pressure (steady state) is proportional to
the walking speed.2¢6. 27 At the end of exercise, the
pressure returns to the resting level within 30 sonds.
Figure 2.7 shows a typical recording of venous pres-
sure in a dorsal vein in the foot during standard tip-
toe movements (L/s) in a patient with varicose veins,
saphenofemoral incompetence and competent valves
in the deep veins. In this case, the exercise was re-
peated after inflating a 10 cm wide pneumatic cuff
just below the knee to occlude the superficial veins.28
By abolishing venous reflux, the pressure recording
became completely normal.

If the log, of the mean venous pressure after each
step is plotted against time it produces a straight line
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Figure 1.6.—Muscular valve closure. Venous valves are orientated so
that the major axis of the orifice is oriented parallel to the skin. As the
valve ring is compressed, the major axis expands increasing the major
diameter “M” to the length of the leaflet edges “I” drawing the leaflets
to apposition, closing the valve by muscular action.

indicating that the decrease in pressure is an exponen-
tial curve produced by a constant pressure reduction
fraction.29 At the beginning of the exercise, the vol-
ume of blood expelled is much more than the inflow
per step (blood entering the veins via the microvas-
cular bed). However, the expelled volume decreases
with each step reaching a steady state in hydrostatic
pressure when the volume expelled per step equals the
volume inflow (see below).

In the example shown in Figure 1.7 when reflux in
the great saphenous vein was eliminated by the cuff
below the knee, the steady state was at a pressure of
25 mmHg. In the first part of the experiment when re-
flux in the great saphenous vein was not abolished, the
steady state was at pressure of 55 mmHg. At this point,
the inflow per step was high consisting of blood inflow
through the microvascular bed as well as reflux down
the great saphenous vein.

Effect of exercise on venous volume

The effect of exercise on volume changes have been
studied in the past by foot volumetry 30 and strain gauge
plethysmography.3! More recently, air plethysmography has
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Figure 1.7.—Recording of ambulatory venous pressure at rest and dur-
ing ten tiptoe movements in a patient with varicose veins and saphe-
nofemoral incompetence. The first recording was without and the sond
with a below knee cuff which occluded the great and small saphenous
veins normalizing the ambulatory venous pressure (P) and the refilling
time (90% RT).

provided volume changes in the whole leg so that venous
volume, ejected volume and residual venous volume can be
measured in mL, reflux in mL/s, with ejection fraction and
residual venous fraction as derived measurements.32

Figure 1.8 shows the volume changes in the leg as a re-
sult of several maneuvers. Initially the subject is in the hor-
izontal position with the leg elevated (a) to empty the veins
and obtain a baseline. On standing (b) the volume increases
to anew plateau. The increase in volume represents the ve-
nous volume (VV) which is 100-150 mL in normal limbs.
The venous filling index (VFI) is defined as the ratio of
90% of the VV divided by the time taken to achieve 90%
of filling (VFI=90%VV/VFT90) and is expressed in mL/s.
In normal limbs VFI is 1- 2 mL/s being the inflow from the
microvascular bed.3? By asking the subject to do one tiptoe
movement (c) one can measure the ejected volume (EV)
which is 65-130 mL depending on the size of the calf, and
ejection fraction (EF=(EV/VV) x 100). The range of EF in
normal limbs is 65-90%. By asking the subject to perform
10 tiptoe movements one can measure the residual volume
(RV) and calculate the residual volume fraction (RVF=
(RV/VV) x 100) (Figure 1.8). The RVF in normal limbs is
5-30% and is proportional to the ambulatory venous pres-
sure after 10 tiptoe movements.34

Venous capacitance and resistance

Figure 1.9 shows inflow and outflow curves for calf vol-
ume and pressure obtained simultaneously.35. 36 Volume
changes are obtained using air-plethysmography and pres-
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Figure 1.8.—Diagrammatic representation of typical recording of ve-
nous volume changes during standard sequence of postural changes and
exercise. (a) Patient in supine position with leg elevated 45 degrees;
(b) patient standing with weight on non-examined leg; (c) single tiptoe
movement; (d) ten tiptoe movements; (e) return to resting standing posi-
tion as b. VV=venous volume; VFT=venous filling time; VFI=venous
filling index; EV=ejected volume; EF=ejection fraction; RV=residual
venous volume; RVF=Residual venous fraction.32

sure by direct puncture of a vein on the dorsum of the foot.
Inflow curves are obtained by inflating a proximal thigh
cuff to 80 mmHg. After a plateau is reached, the thigh cuff
is suddenly released and the outflow curve is recorded.
Flow Q can be calculated at any point on the volume out-
flow curve from the tangent at that point. The resistance
R is calculated by dividing the corresponding pressure P
from the pressure outflow curve by the flow Q (R=P/Q).
The units are mmHg/mL/min. By calculating R at several
points along the outflow curve and plotting them against
pressure, it is possible to demonstrate how resistance
changes with different pressures, which determine the
cross- stional area of the vein. Figure 1.10 shows two such
plots, one from a patient with outflow obstruction (A) and
the other from a normal limb (B). It can be seen that the
resistance-pressure relationship is not linear. Resistance is
low at high pressure when the veins and collateral chan-
nels are distended. As the pressure decreases, the vein wall
becomes less stretched and eventually collapses reducing
the cross- stional area so that the resistance increases.33

Factors promoting venous flow

The forces that promote cephalad venous flow are
generated by the vis a tergo, muscular pumps (foot, calf
and thigh pumps) and thoraco-abdominal pump.
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Figure 1.9.—Pressure and volume venous occlusion inflow and outflow
curves. Pressure is recorded with a needle in a foot vein and volume
with the air plethysmograph.

Vis a tergo

Vis a tergo is a Latin term which literally means force
acting from the rear. It corresponds to the residual pres-
sure coming from the capillary bed as a result of left ven-
tricular contractions. In the absence of the muscle pumps,
this pressure can approach the value of arterial pressure.
In supine subjects at rest, thigh-cuff pressures of at least
80 mmHg are required to occlude venous return.3’

The foot pump

During walking, the plantar plexus is able to overcome
the pressure of the column of blood within the deep ve-
nous system of the calf.16.38 The foot pump is activated
during walking by compression of the lateral plantar
veins whose middle portion is dilated acting like a reser-
voir,3% due to body weight and contraction of the plantar
muscles. Every step squeezes a small volume of 20-30
mL,%0 but the pumping mechanism is very effective.

During walking, the foot is in contact with the
ground for 60% of the time and remains off the ground
40%.41 The foot architecture is such that the weight-
bearing takes place almost entirely on the ball of the
toes, the heel and the lateral part of the plantar sur-
face of the foot. The medial part remains pressure free.
Thus, the plantar veins, which are located here, are
protected from direct compression except in subjects
with flat feet.4!

During normal walking, the three vein-pumping
systems (foot, calf and thigh) compress in sequence to
promote blood venous return. Even moderate muscu-
lar movements of the legs in the seated position may
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Figure 1.10.—Resistance plotted against pressure for a limb with out-
flow obstruction (A) and a normal limb (B).

activate the pumping mechanism and thus significantly
reduce distal mean vein pressure.42

Although synchronized with the calf pumps, the out-
flow from the foot plexus is independent of proximal
calf muscle contraction. This is possible because the
proximal calf pump and foot pump work “in parallel”
voiding their volumes separately into the main duct
(popliteal vein) and not “in series”.

Video-phlebography38 has demonstrated that the pref-
erential outflow for the foot pump is the posterior tibial
vein which is in its direct continuity; the peroneal, anterior
tibial and saphenous veins are alternative outflow paths.
Mechanical compression of the plantar venous plexus
produced a mean peak-velocity of 123+71 cm/s in the
posterior tibial veins, 29426 cm/s in the peroneal veins,
and 24+14 cm/s in the anterior tibial veins.*3

The proximal muscle pumps

the most active pump in the limb results from sole-
al and gastrocnemius muscle contractions, for they
are rich in venous sinuses that are strongly squeezed
during the impulse phase of the step when pressure
exceeds 200 mmHg and calf blood volume decreases
by 80%.44
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Simultaneous pressure measurements in the posterior
tibial and great saphenous veins in healthy people were
performed by Arnoldi.#5> When the calf muscles con-
tracted, the pressure rose in all veins of the lower limb
and the increase was three times greater in muscular
than in superficial veins. Although the systolic pressure
increased in both sets of veins, the peak value in the
posterior tibial vein was higher than in the great saphe-
nous vein by 44 mmHg during the first tramp; the dif-
ference diminished during following tramps. In patients
with varicose veins, the difference reached a value of
just 12 mmHg during the first tramp.4> During muscle
relaxation the pressure difference reversed. Pressure in
the posterior tibial vein decreased more than in the great
saphenous vein and saphenous reflux significantly in-
creased this difference.4¢

During muscle contraction (systole), a strong pres-
sure gradient between deep calf veins and the popliteal
vein causes rapid efflux of blood from the calf to the
thigh. Venous pressure exceeds intramuscular pressures
in calf compartments in most step phases but competent
venous valves prevent retrograde flow. On subsequent
muscle relaxation (diastole), venous pressure falls be-
low the pressure at rest. The fall is greater in deep veins,
less in superficial veins and negligible in the popli-
teal vein. In this phase, perforating veins allow blood
flow from superficial to deep veins whereas competent
valves prevent backflow from the popliteal vein to deep
calf veins.3°

Action of the muscle pumps during walking

The distal calf pump is activated at the beginning of a
step. This process is initiated by dorsiflexion of the foot
as the leg is lifted. The anterior compartment muscles
contract and empty their veins. Dorsiflexion passively
stretches the Achilles tendon and thus empties blood
from the lower portions of the peroneal and posterior
tibial veins. As the foot strikes the ground, weight bear-
ing activates a sond phase which is the foot pump de-
scribed above. Plantar flexion initiates a third phase as
the foot comes up on its toes. Muscles of the posterior
compartments, particularly the gastrocnemius and so-
leus, contract to empty the proximal venous reservoir.
Plantar flexion also tenses and shortens the Achilles ten-
don which maintains pressure on the distal portion of
the calf muscle pump.38
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In more detail, during passive or active dorsiflexion
of the ankle, the bulk of the calf muscles descend within
the fascia sheath to expel blood from the distal veins
like a piston. This gives space to blood coming from the
foot pump due to weight bearing that will feed in prefer-
ence to the posterior tibial veins. These two systems are
“in series”. The foot pump finds low resistance when
expelling blood to the deep veins (a favourable gradi-
ent), whereas the proximal pump is very strong so that
it can empty a high although variable volume of blood
to the popliteal vein, even in the absence of a favour-
able gradient. It works “in parallel” with the more distal
complex.

The distal leg pump may become insufficient, i.e.,
unable to void the blood volume coming from the per-
forating veins during diastole because of a reflux or
functional overflow (excess of volume) or an organic
or functional obstruction (excess of pressure). In this
instance, the foot pump will redirect blood through al-
ternative sites to the saphenous veins (marginal veins at
foot level) through the foot perforating veins which are
normally valveless.

Many of the records made by Pegum and Fegan4’ by
cannulating deep and superficial veins through an inci-
sion at the first interosseous space show that when the
pressure in the deep veins rose to exceed the superficial
pressure, the superficial pressure then began to also rise
but to a lesser extent. This suggests that pressure in the
deep veins of the sole was being transmitted to super-
ficial veins (dorsal venous arch) by perforating veins
along a pressure gradient.

Summary of flow and pressure changes
in veins of normal lower limbs

Flow in superficial veins of the lower limb record-
ed with an electromagnetic flowmeter on the great
saphenous vein during motionless standing is practi-
cally zero. However, slight movements of the body and
even speech or laughter initiate short flow waves in a
proximal direction.48: 49 With the subject in the supine
position, venous flow in the common femoral vein is
phasic with respiration. Increased intra-abdominal pres-
sure during inspiration, Valsalva manoeuver or external
compression of the abdomen can cause slowing or ces-
sation of flow. In the absence of any limb movement,
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the driving force for blood flow is the hydraulic pres-
sure derived mainly from the vis a fergo modified by
respiration.

When the subject is at rest, pressure is stable and cor-
responds to the hydrostatic venous pressure. In the su-
pine position, the mean venous pressure at the ankle is
10-12 mmHg; in the sitting position 50-60 mmHg, and
during motionless standing 80-90 mmHg. During mo-
tionless standing, the pressure is the same in superficial
and deep veins provided that measurements are made at
the same level.

During exercise, flow and pressure vary according
to the phase of the walking cycle. During the systolic
phase, flow within perforating veins ceases and blood
is expelled proximally. Hojensgard and Stiirup? per-
formed simultaneous pressure recordings in posterior
tibial and great saphenous veins in healthy people and
provided conclusive proof that deep and superficial
veins of the lower leg behave as conjoined vessels as
the pressure curves in the posterior tibial and great
saphenous veins were nearly identical. This provided
evidence that communicating channels between them
enable quick equilibration of pressure once exercise
stops.

In general, the direction of flow during the walk-
ing cycle is towards the heart both in superficial
and deep veins. There is general agreement that
during the relaxation phase, the direction of flow
is from superficial to deep veins through perforat-
ing veins. However, the direction of flow in normal
perforating veins remains a debated issue. Sarin et
al.50 detected outward flow in communicating veins
in 21% of healthy persons on calf compression us-
ing duplex ultrasound scanning. They claimed that
“there is flow in both directions within medial calf
perforator, and within a single perforator local
conditions can result in flow in either direction....
the definition of incompetent perforator needs to
be carefully re-evaluated ...demonstration of out-
ward flow within medial calf perforators does not
confer abnormality but rather is a variation of
normal”. This statement has been disputed by a
subsequent study which demonstrated that deep to
superficial flow in perforating veins in normal in-
dividuals tested in the sitting position using duplex
ultrasound is a rare phenomenon.5! More work is
needed in this area.
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CHAPTER 2
Hemodvnamic changes in acute
deep vein thrombosis

Introduction

The hemodynamic changes that occur in patients
with acute deep vein thrombosis (DVT) depend on the
level of thrombosis, its extent and whether thrombus
progression is slow or rapid. It is the severity of the
hemodynamic disturbance that will determine the de-
velopment and magnitude of presenting symptoms and
signs. The main hemodynamic changes are the result of
obstruction rather than valvular incompetence, which
happens later during thrombus organization and valve
destruction. Plethysmographic methods in the 1960s
and 1970s demonstrated that in 70% of the patients
with acute DVT confirmed by venography, findings
were purely obstructive with associated reflux only in
a minority.!-5

Localized DVT in one or two veins in the calf as
shown by venography is often asymptomatic producing
mild ankle edema and calf tenderness in only 50% of
patients.® In contrast, extensive calf DVT involving the
popliteal vein is often symptomatic. However, as clini-
cians know, gross edema will not occur as long as the
thrombus is confined to the femoral vein distal to the
junction with the deep femoral or the great saphenous
veins which act as collateral channels. In contrast, when
thrombosis involves these junctions or occurs proximal
to them, massive edema is likely to occur.” Also, rapid
progression of thrombus proximally may not allow de-
velopment of a collateral circulation and can result in
venous gangrene.

The following hemodynamic changes occur: in-
creased outflow resistance with decreased venous vol-
ume and decreased maximum venous outflow, increased
venous pressure to a degree determined by the absence
or presence of collateral flow patterns, changes in blood
velocity, changes in arterial inflow which is increased in
most patients but decreased in those with cerulea dolens
or venous gangrene, and hemodynamic changes in the
microcirculation resulting in interstitial fluid accumula-
tion.

The aim of this stion is to present the mechanism and
magnitude of these hemodynamic changes and to indi-
cate their pathophysiological and clinical significance.

249



LEE

Increased outflow resistance

Plethysmography using water,3 strain gauge 24 8.9 or
air-filled techniques ! 1° have demonstrated a reduced
venous volume (VV) in the presence of DVT. VV was
defined as the increase in leg volume in response to a
standardized venous congestion pressure produced by
inflating a thigh cuff with the patient supine and leg el-
evated above the level of the heart. Earlier studies!! dem-
onstrated that the pressure in veins distal to the occluding
cuffrises to the same level as the thigh cuff within 0.5 to 2
minutes. In one study using strain gauge, the VV in limbs
with DVT was 3.1+0.8 mL/100 mL of tissue compared
with 4.240.8 mL/100 mL in normal limbs at a congestion
pressure of 70 mmHg;3 it was 1.1£0.6 compared with 2.1
mL/100 mL in normal limbs at a congestion pressure of
80 mmH.2 When air plethysmography was used in pa-
tients with acute iliofemoral DVT, the absolute VV in mL
was found to be 10 mL (95% CI 5 to 15) in the presence
of calf and popliteal involvement and 25 mL (95% CI 20
to 30) if the calf and popliteal veins were not involved;
this compares to 110 mL (95% CI 80 to 140) in healthy
volunteers.!2 The explanations provided for the reduced
VYV are reduced capacity of the veins when they are filled
with thrombus, partial filling already present in the veins
prior to inflating the thigh cuff in patients with proximal
obstruction and reduced distensibility of the veins as a re-
sult of extravascular tissue pressure due to edema. Which
of these is the predominant factor depends on the site and
extent of the DVT.

Maximum venous outflow (MVO) is also reduced in
patients with acute DVT.13 MVO is a measure of the
initial maximum venous emptying when the pressure in
a proximal pneumatic cuff is released. MVO (dv/dt or
flow Q) is obtained from the tangent on the initial part
of the volume outflow curve when the thigh cuff is re-
leased. It is directly proportional to the pressure gradi-
ent between the pressure in leg veins and the pressure
in the IVC which is close to zero, and inversely propor-
tional to the resistance offered by the popliteal, thigh,
iliac and collateral veins (Q=P/Q). MVO was 32+17
mL/100mL/min in the presence of DVT compared with
87+14 mL/100 mL/min in normal limbs at a congestion
pressure of 80 mmHg.2 At a congestion pressure of 50
mmHg it was 23+£8 mL/100mL/min compared with 78
+22 mL/100 mL/min in normal limbs in one study# and
1248 mL/100mL/min compared with 41 +11 mL/100
mL/min in normal limbs in another study.2
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When air plethysmography was used in patients with
acute iliofemoral DVT, the absolute outflow fraction in
mL was found to be 10 mL (95% CI 5 to 15) in the
presence of calf and popliteal involvement and 25 mL
(95% CI 20 to 30) if the calf and popliteal veins were
not involved.12

The above findings were the basis for plethysmo-
graphic methods developed and used extensively for
non-invasive diagnosis of DVT before duplex scanning
became available in the 1970s and early 1980s.% 14-16 By
plotting MVO on the vertical axis against VV, a scat-
tergram was produced with a good separation between
symptomatic patients with DVT proven by venography
and asymptomatic patients with normal deep veins. A
meta-analysis which included 78 studies showed that
sensitivity and specificity were 75% and 90% for im-
pedance plethysmography, 83% and 81% for strain-
gauge plethysmography and 85% and 91% for air-pleth-
ysmography.!7

Increase in venous pressure

In patients with acute DVT, venous pressure has been
measured in the supine and standing positions as well as
during exercise. In 25 limbs with DVT, it was 16.6+6.8
mmHg in the supine position compared with 6.7+1.3 in
normal limbs. In the standing position, venous pressures
were the same in both groups: 93.8+3.4 and 90.0+7.4
mmHg respectively. However, during a tiptoeing exer-
cise there was a decrease to 91.1£18.5 mmHg in the
DVT group and to 35.4+8.9 mmHg in normal limbs.18
When air-plethysmography was used, the ejected vol-
ume as a result of one tip-toe movement was 15 mL
(95% CI 5 to 25) in those with DVT compared with 90
mL (95% CI 75 to 125) in normal limbs.!2

In another study, venous pressure in the foot in the
horizontal position was in the range of 8.5 to 18.4
mmHg when thrombosis was confined to the calf and/
or popliteal vein, 20-51 mmHg when thrombosis in-
volved the superficial femoral vein and 32-83 mmHg
in patients with iliofemoral DVT.? In this series, edema
was rarely present if venous pressure was less than 20
mmHg but always present when venous pressure was
higher than 50 mmHg.

In patients with iliofemoral DVT, the ambulatory ve-
nous pressure (AVP) in the foot increases with exercise
from 80 mmHg to well over 100 mmHg.!° It decreases
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to 28-40 mmHg after complete thrombolysis, 50-66
mmHg after partial lysis and 68-78 in the absence of
venographic improvement.!9

Changes in velocity

Venous flow and velocity are phasic with respira-
tion in normal limbs in the horizontal position. This
phenomenon is the result of increased intra-abdominal
pressure during inspiration associated with contraction
of the diaphragm. The increased intra-abdominal pres-
sure is transmitted to the IVC and iliac veins decreasing
the pressure gradient between the leg or thigh and the
IVC. During expiration, the reverse occurs and an in-
creased pressure gradient results in increased flow and
velocity. In acute iliofemoral DVT, the outflow resis-
tance increases much more than the respiratory pres-
sure fluctuations so that this becomes the limiting factor
and flow in the main axial veins distal to the obstruc-
tion ceases to be phasic and slows down. In contrast,
flow and velocity in the collateral circulation becomes
increased with high velocities. This is why absence of
phasic velocity with respiration and increased velocity
in collateral veins is a useful finding which alerts the ul-
trasonographer to look for a more proximal obstruction.

Changes in arterial inflow and skin temperature

Arterial inflow is increased in the majority of patients
with acute DVT.3 This may be a result of perivenous in-
flammation but the exact mechanism is not known. The
increased arterial blood flow and diversion of venous
flow into superficial collateral veins invariably result
in increased skin temperature in excess of 0.7 degrees
centigrade compared with the normal leg.20 Absence of
such increase in temperature has been used in the past to
exclude DVT in patients with symptoms and signs sug-
gestive of DVT so as to spare them from unnecessary
further investigations. Thermography and liquid crys-
tal thermography were used in the 1970s and 1980s in
routine clinical practice.20-3! The value of thermography
was based on the fact that when the test was normal,
the likelihood of DVT being present was less than 5%.
However, if the test was positive it provided an indica-
tion for further investigation to confirm the diagnosis
of DVT because many other conditions could produce
warm skin.
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Changes in the microcirculation

In patients with massive DVT and associated mas-
sive edema, up to 50% of the blood volume may be lost
into the affected limb.32 Hypotension and high venous
resistance transmitted to the microcirculation increase
capillary filtration. The increased extracellular fluid
compresses the lymphatic vessels 32 33 preventing re-
moval of proteins from interstitial tissues. This in turn
increases the osmotic pressure in the interstitial space
further decreasing the ability to absorb fluid into the cir-
culation. Interstitial pressure as high as 42 mmHg has
been found in experimental animals.34 Such high inter-
stitial pressure with a low arterial pressure is likely to
produce venous gangrene.

References

1. Sakaguchi S, Tomita T, Endo I, Ishitobi K. Functional segmental
plethysmography: a new venous function test. (Preliminary report).
J Cardiovasc Surg (Torino) 1968;9(1):87-98.

2. Sakaguchi S, Ishitobi K, Kameda T. Functional segmental plethys-
mography with mercury strain gauge. Angiology 1972;23(3):127-35.

3. Dahn I, Eiriksson E. Plethysmographic diagnosis of deep venous
thrombosis of the leg. Acta Chir Scand Suppl 1968;398:33-42.

4. Gothlin J, Hallbook T. Plethysmography and phlebography in the diagno-
sis of acute deep venous thrombosis Radiology 1971;11(4):137-47.

5. Barnes RW, Collicott PE, Sumner DS, Strandness DE, Jr. Noninva-
sive quantitation of venous hemodynamics in the postphlebitic syn-
drome. Arch Surg 1973;107(5):807-14.

6. Kakkar V. The diagnosis of deep vein thrombosis using the 125 1
fibrinogen test. Arch Surg 1972;104(2):152-9.

7. Deweese JA, Rogoft SM. Phlebographic patterns of acute deep ve-
nous thrombosis of the leg. Surgery 1963;53:99-108.

8. Barnes RW, Collicott PE, Mozersky DJ, Summer DS, Strandness DE,
Jr. Noninvasive quantitation of maximum venous outflow in acute
thrombophlebitis. Surgery 1972;72(6):971-9.

9. Barnes RW, Hokanson DE, Wu KK, Hoak JC. Detection of deep vein
thrombosis with an automatic electrically calibrated strain gauge ple-
thysmograph. Surgery 1977;82(2):219-23.

10. Bygdeman S, Aschberg S, Hindmarsh T. Venous plethysmography
in the diagnosis of chronic venous insufficiency. Acta Chir Scand
1971;137(5):423-8.

11. Siggard-Andersen J, Petersen FB, Kjeldsen K. Volume changes
of the calf during ten minutes’ venous stasis. Acta Med Scand
1968;184(4):289-92.

12. Christopoulos D, Tachtsi M, Pitoulias G, Belcaro G, Papadimitriou
D. Hemodynamic follow-up of iliofemoral venous thrombosis. Int
Angiol 2009;28(5):394-9.

13. Kalodiki E, Nicolaides AN. Air-plethysmography for the detection of
acute DVT; New criteria.. Vasc Surg 1997;31(2):123-9.

14. Hallbook T, Ling L. Plethysmography in the diagnosis of acute deep
vein thrombosis. Vasa 1974;3(3):263-8.

15. Boccalon H, Reggi M, Lozes A, Canal C, Jausseran JM, Courbier R,
et al. The value of spectral frequency analysis by Doppler examina-
tion (author’s transl) J Mal Vasc 1981;6(1):55-9.

16. Bounameaux H, Krahenbuhl B, Vukanovic S. Diagnosis of deep vein
thrombosis by combination of Doppler ultrasound flow examination
and strain gauge plethysmography. An alternative to venography only
in particular conditions despite improved accuracy of the Doppler
method. Thromb Haemost 1982;47(2):141-4.

251



LEE

17. Locker T, Goodacre S, Sampson F, Webster A, Sutton AJ. Meta-anal-
ysis of plethysmography and rheography in the diagnosis of deep vein
thrombosis. Emerg Med J 2006;23(8):630-5.

18. Husni EA, Ximenes JO, Goyette EM. Elastic support of the lower
limbs in hospital patients. A critical study. Jama 1970;214(8):1456-
62.

19. Kriessmann A, Theiss W, Lutilsky L, Wirtzfeld A, Seifert W, Grun-
berg G. Fibrinolytic therapy in deep venous thrombosis of the upper
and lower extremity Fortschr Med 1977;95(13):858-66.

20. Cooke ED, Picher MF. Deep vein thrombosis: preclinical diagnosis
by thermography. Br J Surg 1974;61(12):971-8.

21. Leiviska T, Perttala Y. Thermography in diagnosing deep venous
thrombosis of the lower limb. Radiol Clin (Basel) 1975;44(5):417-23.

22. Bergqvist D, Efsing HO, Hallbook T. Thermography. A noninva-
sive method for diagnosis of deep venous thrombosis. Arch Surg
1977;112(5):600-4.

23. Bystrom LG, Larsson T, Lundell L, Abom PE. The value of thermog-
raphy and the determination of fibrin-fibrinogen degradation prod-
ucts in the diagnosis of deep venous thrombosis. Acta Med Scand
1977;202(4):319-22.

24. Nilsson E, Sunden P, Zetterquist S. Leg temperature profiles with a
simplified thermographic technique in the diagnosis of acute venous
thromboses. Scand J Clin Lab Invest 1979;39(2):171-7.

25. Watz R, Ek I, Bygdeman S. Noninvasive diagnosis of acute deep vein
thrombosis. A comparison between thermography, plethysmography
and phlebography. Acta Med Scand 1979;206(6):463-6.

26. Aronen HJ, Suoranta HT, Taavitsainen MJ. Thermography in deep ve-
nous thrombosis of the leg. AJR Am J Roentgenol 1981;137(6):1179-
82.

27. Lockner D, Paul C, Hedlund B, Schulman S, Nyman D. Thermogra-
phy in the diagnosis of DVT. Thromb Haemost 1981;46(3):652-4.

28. Pochaczevs.ky R, Pillari G, Feldman F. Liquid crystal contact
thermography of deep venous thrombosis. AJR Am J Roentgenol
1982;138(4):717-23.

29. Sandler DA, Martin JF. Liquid crystal thermography as a screening
test for deep-vein thrombosis. Lancet 1985;1(8430):665-7.

30. Kalodiki E, Marston R, Volteas N, Leon M, Labropoulos N, Fisher
CM, et al. The combination of liquid crystal thermography and du-
plex scanning in the diagnosis of deep vein thrombosis. Eur J Vasc
Surg 1992;6(3):311-6.

31. Ritchie WG, Lapayowker MS, Soulen RL. Thermographic diagnosis
of deep venous thrombosis: anatomically based diagnostic criteria.
Radiology 1979;132(2):321-9.

32. Brockman SK, Vasko JS. The pathologic physiology of phlegmasia
cerulea dolens. Surgery 1966;59(6):997-1007.

33. Haller JA, Jr., Mays T. Experimental Studies on Iliofemoral Venous
Thrombosis. Am Surg 1963;29:567-71.

34. Snyder MA, Adams JT, Schwartz SI. Hemodynamics of phlegmasia
cerulea dolens. Surg Gynecol Obstet 1967;125:342-6.

CHAPTER 3
Hemodvnamic changes in chronic venous disease

Introduction

Chronic venous disease (CVD) is a term that includes
all long term morphological and functional abnormali-
ties of the venous system, manifest either by symptoms
or signs indicating a need for investigation and care.
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As a result of CVD, hemodynamic disturbances oc-
cur which result in inability of pumps and conduits in
the venous system to maintain a normal pressure and
normal flow towards the heart (see Chapter 1). He-
modynamic disturbances are caused by venous reflux,
obstruction, a combination of reflux and obstruction or
arterio-venous fistula. Compensatory mechanisms for
obstruction are the extent of collateral circulation and
ability of the lymphatic system to maintain drainage.
The clinical outcome for development of symptoms
and signs is a result of the relative contribution from
these forces and compensatory mechanisms. Inability
to quantitate all these forces and mechanisms in indi-
vidual patients leads to incomplete understanding of the
pathophysiology, and results in controversy and major
challenges in the management of CVD.

Chronic venous insufficiency (CVI) is a term re-
served for advanced CVD, and is applied to functional
abnormalities of the venous system producing edema,
skin changes or ulceration (C;-Cy).

The main aim of this chapter is to summarise known
hemodynamic changes that occur in different types of
CVD and at the same time indicate areas where there is
lack of data. Another aim is to present various hypoth-
eses and theories that are still unproven and which need
to be elucidated by further research.

A problem with the literature regarding hemody-
namics is that many references are quite old, from the
1980’s or even older. The patient selection at that time
was made based mainly on phlebographic diagnosis.
Duplex was not generally available. We know that the
results from these methods may differ, especially re-
garding judgement regarding incompetent perforating
veins. Therefore it is difficult to judge whether the ex-
amined cohorts with CVI previously would have shown
the same severity and distribution of disease if color du-
plex ultrasound had been used.

Current thinking on the usefulness of
hemodynamic measurements

The authors of many of the studies published in the
1970s and 1980s have spent a lot of time trying to find
out if hemodynamic measurements can diagnose the
presence of venous abnormalities or discriminate be-
tween different clinical severity classes. This approach
belongs to the pre-duplex ultrasound era when hemo-
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dynamic measurements were used as noninvasive di-
agnostic tests. Currently, duplex ultrasound provides
accurate information about the presence and anatomic
extent of reflux or obstruction. Hence, there is no need
for hemodynamic measurements to be used as diagnos-
tic tests but instead as measurements that tell us how
much reflux and/or how much functional obstruction
there is, after the ultrasound examination has been made
(For correlation of hemodynamic measurements with
clinical severity see Chapter 10).

Pathophysiology of varicose veins
and deep venous disease

Varicose veins are a common manifestation of CVD
and are believed to result from abnormal distensibility
of connective tissue in the vein wall. Veins from patients
with varicosities have different elastic properties than
those from individuals without varicose veins!: 2 There
is hypertrophy of the vein wall with increased collagen
content,3 fragmentation of elastin fibres* with degrada-
tion and accumulation of extracellular matrix.>

Primary varicose veins result from venous dilatation
and/or valve damage without previous DVT. sondary
varicose veins are the consequence of DVT appearing
as collateral vessels or the consequence of valve dam-
age. Recanalization may give rise to relative obstruction
and reflux in deep, superficial and perforating veins.

Approximately 30% of patients with deep venous re-
flux shown by imaging appear to have primary valvular
incompetence rather than detectable post-thrombotic
damage’- 8 Rarely, deep venous reflux is due to valve
agenesis or aplasia.? Varicose veins may also be associat-
ed with pelvic vein reflux in the absence of incompetence
at the saphenofemoral junction (SFJ), thigh or calf perfo-
rating veins. Retrograde reflux in ovarian, pelvic, vulvar,
pudendal or gluteal veins may be also associated with
clinical symptoms and signs of pelvic congestion.10-13

Following DVT, spontaneous lysis over days or
weeks and recanalization over months or years can be
observed in 50% to 80% of patients.!4-16 Rapid throm-
bus resolution after DVT is associated with a higher
incidence of valve competency.!4 17 Such rapid resolu-
tion depends on thrombus extent, location, local inflam-
mation, potency of local fibrinolytic agents and pro-
inflammatory mediators.!$. 19 Inadequate recanalization
following DVT can lead to outflow obstruction. Less
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frequently, obstruction results from extramural venous
compression (most commonly left common iliac vein
compression by the right common iliac artery),20: 2! in-
tra-luminal changes 2224 or rarely from congenital agen-
esis or hypoplasia.2’

Most post-thrombotic symptoms result from venous
hypertension due to valvular incompetence, outflow
obstruction or a combination of both. Venous hyper-
tension increases transmural pressure in post-capillary
vessels leading to skin capillary damage with increased
microvascular permeability,2¢ followed by lipodermato-
sclerosis and, ultimately, ulceration.2” Edema will de-
velop when the increased lymphatic transport fails to
adequately compensate for increased fluid filtration into
the tissue, and thus venous hypertension is invariably
associated with a damaged lymphatic drainage in the
skin as well as in the sub fascial space in cases of post-
thrombotic syndrome.28: 29 The reported prevalence of
post-thrombotic syndrome following DVT has been
variable (35% to 69% at three years and 49% to 100%
at five to 10 years) and depends on the extent and lo-
cation of thrombosis as well as treatment, but also on
definition.30-40

Patients with both chronic obstruction and reflux have
the highest incidence of skin changes or ulceration.30
The risk of ipsilateral post-thrombotic syndrome is
higher in patients with recurrent thrombosis and is of-
ten associated with congenital or acquired thrombophil-
ia.41-44 More recent studies imply that skin changes and/
or ulceration are less frequent (4% to 8% in 5 years) in
patients with thrombosis proximal to the knee if they
have been treated with adequate anticoagulation, early
mobilization and long-term compression therapy.45: 46

Mechanical dysfunction of the calf muscle pump may
enhance development of leg ulceration suggesting the
importance of the range of ankle motion 47 and patient
activity*s in relation to progression of disease. Obesity
is another risk factor for severe venous disease, prob-
ably because of its association with decreased fibrino-
lytic activity in blood and tissues.4

Incompetent perforating veins

Incompetent perforating veins (IPVs.) can be defined
as those that penetrate the deep fascia and permit deep to
superficial flow. The flow in IPV’s. in the calf is usually
bidirectional, outward during muscular contraction and
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inward during relaxation. In normal legs and in the ma-
jority of patients with primary uncomplicated varicose
veins, the net flow is inward from superficial to deep
(re-entry perforating veins). This was demonstrated in
1891 by Trendelenburg 50 and more recently by Bjordal
who used electromagnetic flow meters during exercise
(see below).5! The net flow is also inward even in pa-
tients with femoral vein reflux, provided the popliteal
valves are competent. However, flow is predominantly
outward in the presence of popliteal valve incompe-
tence (axial reflux) and especially when there is associ-
ated deep vein obstruction.5!.52 The IPVs. are associated
with superficial and/or deep venous reflux but are rarely
found in the absence of reflux.53-55 The prevalence of
IPVs., their diameter, volume flow and velocity increase
with clinical severity of CVD whether or not there is co-
existing deep venous incompetence.5!. 56-61

Up to 10% of patients, often women, presenting with
clinical C of CEAP 1 to 3 disease have non-saphenous
superficial reflux in association with unusually located
IPVs.62

Molecular mechanisms affecting the venous wall

As mentioned above, varicose veins have different
elastic properties to normal veins.!: 2 The ratio between
collagen I and collagen III is altered as are dermal fi-
broblasts from the same patients suggesting a systemic
disorder with a genetic basis.®3

Leukocyte activation, adhesion and migration
through the endothelium as a result of altered shear
stress 6466 contribute to the inflammation and subse-
quent remodeling of the venous wall and valves.¢7-70
Reduction in shear stress also stimulates production of
transforming growth factor-p1 (TGF-B1) by activated
endothelial cells and smooth muscle cells (SMCs) in-
ducing SMC migration into the intima and subsequent
proliferation as well as phenotype change. Fibroblasts
proliferate and synthesize matrix metalloproteinases
(MMPs) overcoming the effect of tissue inhibitors of
metalloproteinases (TIMPs). The MMP/TIMP imbal-
ance results in degradation of elastin and collagen.o5:
71,72 This may contribute to hypertrophic and atrophic
venous segments and valve destruction as observed in
varicose veins. Remodeling of the venous wall and ab-
normal venous distension prevents valve leaflets from
closing properly resulting in reflux.
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Genetic factors may also play a role in progression of
primary varicose veins to advanced CVD. A relationship
between the C282Y polymorphism in hemochromatosis
(HFE gene) and venous ulceration has been described.’3

Hemodynamic factors associated
with wall remodelling

This stion examines the changes in size, shape and
composition of a venous conduit in response to hemo-
dynamic forces. Veins are often used as arterial con-
duits as with in-situ and reversed saphenous bypass
grafts, arteriovenous (AV) fistulae for hemodialysis
and AV malformations. These veins, though not classi-
fied as chronic venous disease, demonstrate the diverse
morphological changes that occur in a vein when it is
exposed to the sustained high pressure pulsatile envi-
ronment of oxygenated arterial blood, a remodelling
process called arterialization. Shear stress and wall ten-
sion are major factors which induce intimal hyperpla-
sia within and at the anastomoses of arterialized vein
grafts.’+ 75 These grafts eventually occlude given suf-
ficient time. The venous outflow tracts of AV malforma-
tions behave differently since they dilate rather than oc-
clude, and counter-intuitively this is a process that can
be exacerbated in some patients by inflow embolization
or ligation. Furthermore, hormonal factors like puberty
and pregnancy can be more significant in increasing the
size of these lesions than hemodynamic factors.

The relationship between hemodynamic forces and
vein morphology is poorly understood. Veins in pa-
tients with CVD are exposed to a much wider range of
hemodynamic forces than veins used as arterial con-
duits, resulting in dilatation but rarely occlusion. Ve-
nous pressures can range from -5 mmHg to over 200
mmHg during a sudden calf contraction, with velocity
ranges considerably wider than the arterial circulation.
Furthermore, changes of arterialization resulting in oc-
clusion are rarely seen. This is despite the fact that the
hydrostatic pressure in an ankle vein may reach arterial
pressure and that saphenous pulsatile flow is usually ob-
served in patients with advanced CVD.76

Pressure is considered to be the main precipitating
factor for varicose veins. Varicose veins would not oc-
cur without hydrostatic pressure from a gravitational
force. The effect of dilatation is easily understood from
the unrelenting radial forces against the wall of the
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vein. This can occur in deep, perforating and superficial
veins and plays a major part in the increase in venous
volume in patients with CVD. Less clear is why this
occurs at the thigh part of the GSV in many patients
whilst preserving the ankle part which is the recipient of
higher hydrostatic pressure (descending theory). Even
less clear is why do superficial veins dilate and become
tortuous forming varicose veins whereas the GSV just
dilates but rarely becomes tortuous within its intermedi-
ate compartment.

Comparisons between normal veins and varicose
veins help to delineate normal anatomy from patho-
logical remodelling. Varicose veins demonstrate in-
creased wall thickness as well as increased diameter
and length.77 As indicated in the introduction, histology
using electron microscopy shows that the walls are het-
erogeneous with atrophic and hyperplasic areas, disor-
ganized elastin patterns and smooth muscle cell micro-
herniations.”8

Smooth muscle cell cultures reveal that these cells
have undergone phenotypic modulation from a contrac-
tile to a proliferative and sretory state.” Cell culture and
organ stretch models can reproduce these changes with
differential gene expression.8 Up to 34 differentially
expressed genes have been identified in GSVs. having
reflux, in comparison to normal GS/Vs., and matrix Gla
protein is likely to be the main protein involved in the
remodelling process.8! There is also a clear difference
between normal leg veins compared with varicose leg
veins which are less elastic and stiffer.82 Remodelling
depends on the strength of the hemodynamic insult and
its effects on the genetic resilience or adaptability of the
target vein. Vein wall composition may be more impor-
tant than hemodynamics in this regard. The relevance of
discriminating between normal and varicose veins can
be questioned since there is little evidence to refute an
hypothesis that extensive varicose veins may delay the
onset of skin changes compared to patients with gross
saphenous reflux and minor varicose veins.$3

Reduction of flow leading to stasis is a major etiolog-
ical factor for vein thrombosis and also hampers DVT
resolution.84 Both have a profound impact on vein mor-
phology. The prevalence of DVT in immobile patients
supports the reduced flow component of Virchow’s
triad.85 Mural thrombosis induces smooth muscle cell
proliferation and this can lead to fibrosis, wall thick-
ening, occlusion, venous adhesions and synechiae, ap-
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parent during surgical disobliteration 8¢ which become
clinically manifest as the post-thrombotic syndrome.
Consequently, a cycle of harm is set up causing wall in-
flammation, thickening, valve destruction and fibrosis,
a further reduction in flow and a greater propensity to
develop recurrent DVT.

Recirculation is another common hemodynamic phe-
nomenon in CVD. Blood is ejected upwards by calf
muscle contraction and then flows outwards and down-
wards into incompetent saphenous trunks via thigh per-
forating veins, including the SFJ and sapheno-popliteal
junction (SPJ). The re-circulation loop is completed
when blood re-enters the deep veins via lower-level
perforating veins during calf diastole. Regional recircu-
lation loops may concentrate pro-thrombotic biomark-
ers,87 promote hypoxia and encourage areas of stasis,
all resulting in mural thrombosis. This is manifest as
superficial vein thrombosis (SVT) or even DVT with
consequent vein wall remodelling.

Reduced flow encourages thrombosis which in turn
activates endogenous proteases like plasmin and matrix
metallo-proteins (MMPs). These have a major role in
the resolution of venous thrombosis and therefore post-
thrombotic vein wall remodelling. Fibrinolytic strate-
gies which augment the sterile inflammatory process of
thrombus resolution,$8. 89 such as urokinase plasmino-
gen activator together with lack of plasmin activator
inhibitor-1, may also have a detrimental effect on the
vein wall leading to stiffness and fibrosis.. %1 Similarly,
plasmin inhibition may decrease vein wall stiffness but
at the expense of larger thrombi.”? In an experimental
model of IVC ligation in normal rats, it has been shown
that early thrombus size is smaller compared with neu-
tropenic rats which have increased vein wall weight,
stiffness, thickness and collagen.”

Hypothesis: formation of varicose veins by IPV reflux
jets

There is much speculation about the forces that con-
tribute to vascular remodeling. As indicated above, fac-
tors include luminal wall shear rates, viability of the
vasa-vasorum and excess intraluminal pressure. The use
of the GSV as an arterial conduit in situ is a direct test
disproving the effect of elevated luminal pressure while
the use of reverse saphenous vein grafts which strips the
vasa-vasorum supply is a test of wall ischemia resulting
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from vasa-vasorum dysfunction. There is a hypothesis
that could explain several aspects of vascular remodel-
ing. If the vascular intima contains an expansion inhibi-
tor that can be removed by excessive convection (high
shear rate=high momentum transfer ~ high mass trans-
fer) such as velocity jets impinging on the vascular wall,
then much of the clinically observed vascular remodel-
ing would result. With removal of the inhibitor, the local
area of vascular wall would expand.

When flow rate through a conduit is increased be-
yond the turbulent limit (Reynolds number>2500), lam-
inar flow transitions into turbulent flow (Figure. 3.1, up-
per center) resulting in a high pressure gradient, bruit/
murmur/thrill, spectral broadening on ultrasound and
eventually diametric expansion which continues until
laminar flow is restored.

Re=4Qp/mDp

This diametric expansion is consistent with the spec-
ulation of a removable wall expansion inhibitor.

At the carotid bifurcation, the dilation known as the
carotid bulb is positioned on the wall opposite to the axis
of the external carotid branch (Figure. 3.1, upper left).
If the angle between the CCA/ICA axis and the external
carotid is large, then the bulb is distal to the ICA/ECA
flow divider, if the ECA angle is small, then the bulb is
proximal to the divider. This implies that the early dia-
stolic flow reversal in the external carotid (enhanced by
facial vascular constriction) provides a reverse jet that
washes expansion inhibitor from the opposite wall until
the wall expands sufficiently to diminish the elevated
shear rate there. Distal to an arterial stenosis (Figure.
3.1, upper right), post-stenotic turbulence is associated
with post-stenotic dilation for a similar reason.

If this hypothesis is correct, then aneurysmal arter-
ies and veins (varicosities) might result from the same
mechanism. In abdominal aortic aneurysm, atheroscle-
rosis at the origins of the lumbar arteries during dia-
stolic reversal (which is time displaced from iliac re-
versal) could form jets that cross the (20 mm to 50 mm)
width of the aortic lumen to impinge on the opposite
wall causing dilation (Figure 3.1, lower left). Similarly,
IPVs. draining superficial leg veins would form jets dur-
ing compartmental compression, increasing the diam-
eter and length of these veins resulting in varicosities.
Of course, the stabilizing effects of arterial flow in the
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Figure 3.1.—Hypothetical mechanism of vascular remodeling

aorta minimize aortic elongation, but the elongation of
the superficial leg veins is not similarly diminished.
The validity of this speculation requires attempts at
experimental refutation by a combination of computa-
tional tests and ambulatory experimental methods.
The magnitude of hemodynamic changes in different
forms of CVD.

Pressure changes in limbs with varicose
veins or deep venous reflux

As indicated in Chapter 2, when a person stands still
supported on a walking frame in order to avoid any
muscular activity, the pressure in veins of the foot or
at the ankle is the result of the height of the column of
blood extending to the level of the heart. In the presence
of varicose veins or even deep venous reflux, the resting
pressure is the same as in normal legs. However, muscu-
lar contractions of the calf during tiptoeing or walking
produce changes that are different from normal limbs.

The earliest measurements of venous pressure in the
dorsum of the foot during exercise were made by Pol-
lack and colleagues in 1949.94. 95 Measurements were
made during standing and walking on a treadmill at 1.7
miles per hour after inserting a needle in a vein at the
ankle. In normal limbs during exercise, the pressure de-
creased from an average of 87 mmHg (range 79-92) to
22 mmHg (range 11-31). In limbs with varicose veins,
it decreased from an average of 81 mmHg to 44 mmHg
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Figure 3.2.— Changes of mean venous pressure during exercise
by means of standing on tiptoe 10 times in healthy volunteers (a),
patients with primary varicose veins without (b) and with (c) IPVs.,
and in patients with the post-thrombotic syndrome (d). Mean values
and standard deviation of lowest pressure and recovery time are
shown.

(range 34-51). At the end of exercise the pressure re-
turned to the resting level (recovery or refilling time-
RT) on average at 31 sonds in normal limbs and 2.8
sonds (range 1.2-5.5) in patients with great saphenous
reflux. The prolonged RT at the end of exercise seen
in normal limbs is an indication that there is no reflux
and that the veins refill via the microcirculation. The
more severe the reflux, the shorter is the RT. Simulta-
neous measurement of RT using venous pressure and
photo-plethysmography (PPG) has demonstrated a high
degree of linear correlation in two studies (r=0.93 and
r=0.88).96.97 These observations led to the development
of the noninvasive method of measuring RT.

Several subsequent studies with a needle inserted in a
vein on the dorsum of the foot have confirmed the above
initial results.98-102 and the exercise test was standardized
to 10 knee bends % or 10 tiptoe movements 102 at the rate
of one per sond (Figure 3.2). The AVP was defined as the
lowest pressure reached during exercise. Some investiga-
tors repeated the exercise after inflating a 2.5 cm wide
pneumatic cuff at the ankle (Figure 3.3). By applying the
cuff at higher anatomical levels (upper thigh, lower thigh
and just below the knee) and repeating the exercise, sites
of deep to superficial reflux could be determined.192 Soon
it became obvious that in the presence of axial deep vein
reflux, a cuff at the ankle or combination of cuffs could
not normalize the AVP. The highest AVP was found in the
presence of both deep axial reflux and obstruction (Table
3.1). In some patients with severe outflow obstruction
who presented with venous claudication, there was actu-
ally an increase in AVP to 120-130 mmHg.
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Figure 3.3.—Recording of ambulatory venous pressure (AVP) at rest
and during 10 tiptoe movements. The first recording was without and
the sond with a below knee cuff which occluded the great and small
saphenous veins. Normalization of the AVP (P) and the refilling time
(90% RT) indicate normal deep veins, reflux confined to the superfi-
cial veins and absence of calf [P Vs.107

An attempt to standardize the method of AVP mea-
surement by a group of experts resulted in the “Expert
consensus document on direct ambulatory venous pres-
sure measurement” published in 2013.103 [t was recom-
mended that AVP measurement should be performed on
a treadmill at 2 km/h and an elevation of 89. Tiptoe or
knee bending may be used if a treadmill is not available.
The AVP was defined as the mean AVP (see pressure at
the end of exercise and at the beginning of the refill-
ing curve in Figure. 3.3) or [systolic venous pressure
+ (2 x diastolic venous pressure)]/3. Refill time (RT)
should not be routinely used as an outcome measure.
Mean AVP in the range of 10-30 mmHg is considered
normal, 31-45 mmHg as intermediate venous hyperten-
sion and>45 severe venous hypertension.

Reduction in the venous pressure at the ankle dur-
ing walking by interrupting reflux in the superficial
varicose veins by finger compression or by applying a
tourniquet dates back to the studies of Warren ef al.1%4 in
1949, confirmed subsequently by Ludbrook in 1963 105
and Kuiper in 1966.106 They claimed that application of
tourniquets at different levels on the leg allowed them
to determine the levels of deep to superficial reflux and
hemodynamic significance of IPVs. (see below).

Arnoldi recorded pressures in the posterior tibial
veins and GSVs. simultaneously at rest and during calf
muscle contraction in a series of patients with varicose
veins and IPVs. on the medial aspect of the leg above the
ankle.108, 109 During standing at rest, the average pres-
sure was 78 in the GSV and 76 mmHg in the posterior
tibial vein. During calf muscle contraction, pressures
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TABLE 3.1.—Values of ambulatory venous pressure (AVP) (95%
range) in mmHg, in different limbs.

Type of pathology No ankle Ankle

cuff cuff
inflated
Normal 15-30 15-30
Varicose veins and competent perforating veins 25-40 15-30
Varicose veins and incompetent perforating veins  40-70 25-60
Deep axial reflux and proximal occlusion 55-85 50-80

increased to 101 mmHg and 118 mmHg respectively in-
dicating a change of the superficial to deep gradient of
2 mmHg to a reversed gradient of 15 mmHg from deep
to superficial. During muscle relaxation the pressure de-
creased to 30 mmHg in the posterior tibial veins and to
43 mmHg in the great saphenous indicating another re-
versal of the pressure gradient from superficial to deep.

As shown in Table 3.1, if there is reflux in the deep
veins then AVP is higher than in patients with varicose
veins and a normal deep venous system. The highest
AVPs are found in patients with both axial deep venous
reflux and obstruction (Figure 3.2).

An understanding of the mechanism that produces
these pressure changes has been derived from a math-
ematical hemodynamic model.!10 It was observed that in
the absence of obstruction, the pressure reduction frac-
tion per step (one tiptoe per sond) was constant for the
first 4-6 steps until a steady state was established. The
pressure reduction fraction which is a function of the ef-
ficacy of the calf muscle pump was the same in normal
limbs, limbs with varicose veins and limbs with axial
deep venous reflux. However, the refilling rate was dif-
ferent in each group. In normal limbs, the slow refilling
rate (slow increase in pressure) during relaxation time be-
tween the steps meant that there was minimal increase in
pressure before the next step, this increase in pressure be-
tween steps was higher in limbs with varicose veins and
highest in limbs with axial deep reflux. In each group, the
steady state was reached when the volume expelled per
step was equal to the amount of reflux per sond. Thus,
the steady state was reached at a pressure of 22 mmHg in
normal limbs, 42 mmHg in limbs with varicose veins and
72 mmHg in limbs with deep axial reflux.

Extent of reflux on descending phlebography and AVP

The hemodynamic significance of various degrees
of reflux as demonstrated by descending phlebography
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was compared with AVP measurements in 32 patients
(45 affected limbs) with active or healed venous ulcer-
ation.!!! Reflux was graded using Herman’s classifica-
tion:112

Grade 0: no reflux below the confluence of the femo-
ral and deep femoral veins, i.e. the uppermost valve of
the femoral vein.

Grade 1: reflux beyond the uppermost valve of the
femoral vein but not below the middle of the thigh.

Grade 2: reflux into the femoral vein to the level of
the knee with popliteal valves competent.

Grade 3: reflux to a level just below the knee with
incompetent popliteal valves but competent valves in
the axial calf veins.

Grade 4: reflux through the axial veins (femoral,
popliteal and calf veins) to the level of the ankle.

The AVP and refilling time 90 (RT90) were record-
ed in all patients. In addition, the presence of deep to
superficial reflux into the GSV at the SFJ, thigh IPVs.,
small saphenous vein at the SPJ and calf IPVs. was re-
corded using ascending functional phlebography.

The examined limbs were separated into two groups
according to the grade of reflux. Group I consisted of
limbs in which popliteal valve incompetence was not
demonstrated on descending phlebography i.e. grades
0-2 (18 limbs). Group II consisted of limbs with popli-
teal reflux as demonstrated by descending venography
i.e. grades 3 and 4 (27 limbs).

In Group I the mean AVP+sd was 47.2+9.3 mmHg
(range 31-67 mmHg). After the application of an ankle
tourniquet to exclude the effects of superficial venous
incompetence on the pressure recordings, the mean
AVP+sd became 28.1£9.9 mmHg (range 11-44) (paired
t test: P<0.001).

In Group II (limbs with incompetent popliteal valves)
the mean AVP+sd was 71.6£12.7 mmHg (range 49-95
mmHg) before the tourniquet. This was significantly
higher than in Group I (t test: P<0.001). The application
of the ankle tourniquet in this group produced a small
but significant decrease in the AVP (mean AVP+sd:
66.0+14.5 mmHg) (paired t test: P<0.001) (Figure. 3.4).

These findings indicate that incompetent femoral
valves in the presence of competent popliteal valves add
very little to the hemodynamic abnormality produced
by superficial venous reflux. In the majority of these
patients, there is co-existing reflux from deep to super-
ficial veins with associated superficial valve incompe-
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Figure 3.4.—Ambulatory venous pressure in the presence of incompe-
tent and competent popliteal valves (Continuous lines are without and
dotted lines with an ankle tourniquet).

tence which is responsible for the venous hypertension,
skin changes and ulceration. The hemodynamic changes
which in the past had been associated with deep venous
insufficiency (AVP>45 mmHg and RT90<14 sonds de-
spite the application of an ankle tourniquet) occur only
when there is popliteal incompetence.

Effect of ligation of an incompetent saphenofemoral
junction on AVP

In patients with a normal deep system, Bjordals!. 113
demonstrated that proximal compression of the saphe-
nous vein reduced AVP even in the presence of calf
IPVs. Ligation of the SFJ and excision of varices was
shown to increase the fall in pressure during exercise
from 25+17 mmHg before operation to 40+15 mmHg
after operation (P=0.001).114

Hemodynamic assessment of
incompetent calf perforating veins

As stated above, flow in calf IPVs. is in both direc-
tions, outward during calf muscle contraction and in-
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ward during relaxation. In patients with primary un-
complicated varicose veins, the net flow is inward from
superficial to deep. In the presence of severe damage to
the deep veins, the flow is predominantly outward.!13

In the 1970s and 1980s, several workers tried to de-
termine the importance of IPVs. in association with
varicose veins, skin changes and venous ulceration. Al-
though the adverse effect of IPVs. in limbs with reflux
and/or obstruction of the deep venous system became
well established 115119 the finding of calf IPVs. in the
presence of patent deep veins with competent valves
was of unknown hemodynamic significance.!17. 120, 121
One major difficulty in assessing the hemodynamic
function of IPVs. is the fact that reflux in superficial
veins is always a confounding variable, both for pre-
interventional testing and for postoperative evaluation.

The AVP measurements and foot volumetry without
and with digital occlusion of IPVs. or by studying pa-
tients before and after surgical ligation have indicated
that in primary uncomplicated varicose veins, [PVs. do
not have any adverse effect on calf muscle pump func-
tion. They are now considered to be re-entry points.
However, in the presence of skin changes (edema, fibro-
sis, hyperpigmentation, ulceration) occlusion or ligation
of IPVs. was found to improve hemodynamics.!22. 123
With the advent of duplex ultrasound scanning, color
flow imaging suggested that the extent of the valvular
damage in tibial veins determined the amount of blood
that leaks outwards through IPVs. and hence their he-
modynamic significance.!24

The hemodynamic significance of calf [PVs. was as-
sessed by measuring the AVP and venous pressure refill-
ing time (90% RT) (Figure 3.2) without and with a tour-
niquet at the ankle or just below the knee.5¢ This study
involved 70 limbs which fulfilled the following criteria:
IPVs. in the calf were demonstrated on venography, the
deep veins were patent, popliteal vein valves were com-
petent but segmental reflux was either absent or present in
variable lengths in the tibial veins. On the basis of the AVP
and 90% RT, it was possible to classify IPVs. into three
groups of different hemodynamic significance: Groups
I, I and III. All three groups had a 90% RT less than 15
sonds and AVP greater than 45 mmHg before application
of any tourniquets. In Group I (20 limbs), application of a
below knee tourniquet, resulted in both AVP and 90% RT
becoming normal (P<45 mmHg and 90% RT>15 sonds)
(Figure. 3.5). These limbs behaved like the limbs with pri-
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Figure 3.5.—Plot of AVP (P) against 90%RT. Rectangle DVI marks the
range of AVP and 90%RT of limbs with deep venous valvular incompe-
tence. Rectangle N marks the range of AVP and 90%RT of limbs with
normal venous system (from previous studies). Diamonds represent in-
dividual results of limbs with calf IPVs. of no hemodynamic significance
(Group I). There was no need to apply an ankle cuff since normalisation
of the results was achieved with a below knee cuff.
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Figure 3.6.—Plot of AVP (P) against 90%RT. Rectangle DVI marks the
range of AVP and 90%RT of limbs with deep venous valvular incompe-
tence. Rectangle N marks the range of AVP and 90%RT of limbs with
normal venous system (from previous studies). Diamonds represent
individual results of limbs with calf IPVs. of moderate hemodynamic
significance (Group II).

mary varicose veins without I[PVs. Thus, the IPVs. in the
limbs of group I demonstrated on venography could be
considered to be of no hemodynamic significance.

In Group II (25 limbs), AVP and 90% RT did not
become normal following application of a below knee
tourniquet but became normal (i.e.>15 s and<45 mmHg
respectively) with an ankle tourniquet (Figure. 3.6).
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Figure 3.7.—Plot of AVP (P) against 90%RT. Rectangle DVI marks the
range of AVP and 90%RT of limbs with deep venous valvular incompe-
tence. Rectangle N marks the range of AVP and 90%RT of limbs with
normal venous system (from previous studies). Diamonds represent in-
dividual results of limbs with calf IPVs. of severe hemodynamic signifi-
cance (Group III).

TABLE 3.2.—Incidence of skin changes and ulceration.

Group Number of limbs Skin changes* Ulceration
1 20 0 0
II 25 17 (68%) 0
I 25 25 (100%) 17 (68%)

* skin changes = “eczema”, pigmentation and lipodermatosclerosis.

IPVs. in these limbs were considered to be of moderate
hemodynamic significance.

In Group III (25 limbs), AVP and 90% RT did not
become normal after application of a below knee tour-
niquet and although an ankle tourniquet reduced AVP to
45 mmHg or less, the 90% RT remained abnormal (> 15
sonds) (Figure. 3.7). In view of the short 90% RT de-
spite an ankle tourniquet, these IPVs. were considered
to be of severe hemodynamic significance.

The incidence of skin changes and/or ulceration in
each of the three groups is shown in Table 3.2. There
was a high prevalence of pigmentation with lipoderma-
tosclerosis in groups I and I1I and of ulceration in group
III. In fact, apart from the absence of edema, limbs in
Group III were clinically indistinguishable from post-
thrombotic limbs.

The above study demonstrated that some IPVs. con-
tribute significantly to abnormal venous hemodynamics
by producing a short refilling time (90% RT). The IPV's.
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Figure 3.8.—The anatomic abnormality of limbs with Group I IPVs. and
the effect of the below knee tourniquet.58

of groups II and III produce short refilling time during
calf muscle relaxation that would produce a high mean
AVP throughout the day. This is because when walking
at a slow pace (say 1-2 km/hour), the venous pressure
will reach a high level before the next step i.e. the next
calf muscle contraction.

On the basis of the above findings and observations
with duplex ultrasound color flow imaging of tibial
veins, the following working hypothesis has been pro-
posed in an attempt to produce a mechanistic explana-
tion for the hemodynamic observations.58

The abnormality in the limbs of Group I is as follows.
The IPVs. are associated with competent valves in the
tibial veins. Flow in superficial veins is downward with
outward flow in IPVs. during calf muscle contraction
and inward flow during relaxation (Figure. 3.8). Because
valves in the deep veins are competent, outward flow in
IPVs. is minimal and thus the net flow is inwards. The
AVP (P) is in the range of 20-80 mmHg (Figure. 3.5) and
RT90 is 2-13 sonds depending upon the amount of reflux
in the superficial veins of the great and small saphenous
systems. Application of a below knee tourniquet (Figure
3.8b) will abolish reflux in the superficial system whose
veins will collapse normalising AVP and RT90.

The abnormality in limbs of Group II is as follows.
The IPVs. are associated with a considerable num-
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Figure 3.9.—The anatomic abnormality of limbs with Group II ICP and
the effect of the below knee and ankle tourniquets.58

ber of incompetent valves in deep veins above and
below their junction with the IPVs. (Figure 3.9), but
with competent deep valves in the lower part of the
leg at and just proximal to the ankle. In these limbs, a
considerable amount of blood leaks from deep to su-
perficial veins through the IPVs. Application of a be-
low knee tourniquet (Figure 3.9b) will abolish reflux in
superficial veins but not that leaking out through IPVs.
The AVP (P) and RT90 (Figure 3.9b) are reduced but
not normalised. However, application of an ankle tour-
niquet (Figure 3.9c) prevents any deep to superficial
reflux through IPVs. or reflux down superficial veins
to reach the foot. The veins of the foot collapse, with
normalisation of the AVP and RT90.

The abnormality in limbs of Group III is more se-
vere. All valves in the deep veins distal to the poplite-
al vein are incompetent including those at the ankle.
There is a large amount of blood refluxing from deep
to superficial veins through a large number of IPVs. in-
cluding those at the ankle (Figure 3.10). Application of
a below knee tourniquet abolishes downward flow in
superficial veins but not the outward leaking through
the IPVs. (Figure 3.10b). The AVP (P) and RT90 are
only moderately reduced (AVP more than RT90) de-
pending on the volume ejected by the calf muscle pump
through the competent popliteal valves (Figure 3.10).
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Figure 3.10.—The anatomic abnormality of limbs with Group III ICP
and the effect of the below knee and ankle tourniquets.58

Application of an ankle tourniquet abolishes reflux at
the foot via superficial veins but not through the deep
veins which are filled though the lowest ankle IPVs.
(Figure 3.10c). The AVP normalises (<45 mmHg) dur-
ing exercise because outflow from the foot markedly
exceeds inflow (reflux). However, in view of the reflux
along the pathway shown in Figure 3.10c the refilling
time RT90 remains short at the end of the exercise.

Another study involving 132 limbs (16-C,; 30 C,; 20-
Cs; 25-Cy; 21 Cs and 20-Cy) studied with both duplex
ultrasound and air plethysmography demonstrated that
reflux (VFI) increased with increasing number of perfo-
rating veins (Figure 3.11),!25 whereas EF and RVF did
not change with increasing number of perforating veins.

In addition to VFI, venous volume (VV) was also
found to correlate with the diameter of the largest IPV's.
in a study of 36 patients with CVD.126 Twenty-six pa-
tients with VVs. in the normal range (80-170 mL) had a
median perforating vein diameter of 3.5 mm (IQR 3.2-
4.3). Ten patients with VV greater than 170 mL had a
median perforating vein diameter of 5.5 mm (IQR 4.6-
7.7) (P=0.001; Mann-Whitney). There was a linear re-
lationship between the VV and diameter of the largest
IPV (r=0.69, P=0.01).

Current thinking on incompetent perforating
veins in patients with primary varicose veins

Most phlebologists now consider that thigh and calf
perforating veins have a different hemodynamic behav-
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Figure 3.11.—Venous filling index (VFI), presented as median and inter-
quartile range (left) and scattergram (right), in 30 limbs without IPV’s.,
in 40 limbs with one IPV, in 33 limbs with 2 IPVs. and 29 limbs with 3

or more IPVs. (Mann-Whitney test with Bonferroni correction). The VFI
increased with the number of IPVs. (P<0.01 for trend, Kruskall-Wallis).

iour. Thigh perforating veins are connected with the
higher pole of the ambulatory pressure gradient; they
become the source of reflux if incompetent, and rep-
resent a pathological condition. In contrast to that, calf
perforating veins are connected with the lower pole of
the ambulatory pressure gradient and in the presence of
normal deep veins IPVs. are unlikely to be the source of
the pathological refluxing flow, even if enlarged. They
cater for quick pressure equalization between deep and
superficial veins at the end of exercise. In primary vari-
cose veins saphenous reflux determines the size of calf
perforating veins. The greater the intensity of saphenous
reflux, the larger the size of calf perforating veins, and
the more pronounced the clinical severity is.

Blood flow in varicose veins

The effect of pressure gradients and changes in pres-
sure gradients induced by exercise on blood flow and
flow direction was first elucidated by simultaneous mea-
surement of pressures and flows with electromagnetic
flow meters applied on incompetent GSV and perforat-
ing veins by Bjordal in 10 patients.>!. 113 Bjordal could
not detect any flow in the GSV when patients were
standing still. We now know that the very slow velocity
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proximally present in this position is below the thresh-
old of the electromagnetic flow meter. Calf muscle con-
traction produced an increased pressure in the GSV at
the ankle and an upward flow. Lifting the foot off the
ground and muscle relaxation was associated with the
lowest venous pressure at the ankle and a downward
flow which was in the range of 175-500 mL/min (mean
280 mL/min). By placing the electromagnetic flow me-
ter coil detector round the IPVs., Bjordal found that flow
was outward when the calf muscles contract and inward
during calf muscle relaxation. This bidirectional flow
was in accord with the pressure gradients between the
posterior tibial veins and GSV found by Arnoldi (see
above).109

The concept of retrograde flow in the GSV and the
presence of a “private recirculation” was first demon-
strated by Trendelenburg in 189150 by placing a tour-
niquet at mid-thigh and asking the patient to tiptoe re-
peatedly when it was observed that veins emptied with
refilling from above when the tourniquet was released.
We now know that the circuit consists usually of a reflux
source feeding a saphenous trunk, conduction of reflux,
down towards the foot, and re-entry points back into deep
veins via perforating veins. The presence of this phe-
nomenon has been proved using 2-simutaneous duplex
probes, above and below the knee.!27 In this study, reflux
was demonstrated to start and stop simultaneously, even
when the probes were swapped around. In another study,
volume displacements in patients were quantified within
saphenous trunks using duplex ultrasound in response to
calf compression.!28 Although reflux volumes correlated
with antegrade volumes, they were consistently greater,
thereby supporting the recirculation theory.

The findings of bidirectional flow in the GSV and
perforating veins by Bjordal 129,130 were confirmed in
the same year by Folse 131 who used the CW Doppler
which had just become available and by duplex ultra-
sound scanning in later years. The conclusion was that
in the presence of competent deep veins, despite inward
and outward flow in perforating veins during walking
the net effect is inwards. However, when deep venous
valves were incompetent and valves in the GSV were
competent, Bjordal found that calf contraction caused
upward flow in the saphenous vein and that in limbs
with both deep and superficial venous reflux, walking
produced bidirectional flow in IPVs. with the net effect
being outwards.
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It is now realised that in the majority of patients, the
origin of the downward flow in the superficial system of
veins is through the SFJ, thigh IPVs., the SPJ or a com-
bination of two or even all three, and that calf IPVs. are
re-entry points. This is the basic rationale for the CHI-
VA technique (see Chapter 8). However, two RCTs have
shown that following ablation of superficial incompe-
tence, only 35-40% of IPVs. become normal and that
new IPVs. appear over time.!32 133 Further, some 6-8%
of ulcer patients show only isolated IP V. as a possible
cause for their ulcers.!34

Duplex ultrasound hemodynamic parameters

Apart from direction of flow, four hemodynamic pa-
rameters can be quantitated using duplex ultrasound,
namely refilling time, velocity at peak reflux, vein di-
ameter and volume flow.

Reflux

Reflux is a major patho-physiological abnormality
in CVD and is probably the most investigated param-
eter from duplex ultrasound. The cut-off point for the
diagnosis of pathological reflux for superficial and deep
veins is acknowledged to be 0.5 and 1.0 sonds, respec-
tively.135.136 This is the time required by the initial reflux
of blood to bring normal valve leaflets into apposition.

A study of 244 limbs with reflux in 182 patients who
had ultrasound scanning, venous pressure measure-
ments, air-plethysmography (APG) and clinical clas-
sification according to clinical CEAP classification
demonstrated an increase in peak reflux velocity (PRV),
time of average rate of Reflux velocity (TAV) and ab-
solute displaced volume (ADV) in C,, compared with
C,_;, but reflux time (RT) was not significantly differ-
ent between these groups.!37 There was no significant
correlation between RT, PRV, TAR and ADV versus
clinical severity in limbs with great saphenous reflux
only. However, limbs with axial deep reflux to below
the knee with or without concomitant reflux at the knee
level had a significant but low correlation between PRV
and TAR and clinical severity (r=0.32, P=0.003 and
r=0.22, P=0.049, respectively). The authors concluded
that RT cannot quantify severity of reflux and is a purely
qualitative measurement.

Quantification of venous reflux was attempted by Ya-
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maki et al.138 who stratified 1,132 limbs in 914 patients
with primary valvular incompetence into C, ; and C,_
¢ The mean£SD reflux time (RT), peak reflux velocity
(PRV) and peak reflux flow (PRF) at the SFJ in C, ; ver-
sus Cyg were 4.05+2.42 versus 3.42+1.87 s (P=0.532),
27.4£21.1 versus 49.7£35.3 cm/s (P<0.0001) and
26.3 £35.6 versus 64.7+£73.4 mL/s (P<0.0001), re-
spectively. The corresponding results at the SPJ were
4.55+2.45 versus 3.73£1.92 s (P=0.213), 30.5+16.8
versus 39.5+24 cm/s (P=0.0002) and 16.5£15.2 ver-
sus 22.2+23 mL/s (P=0.0029), respectively. Although
their data demonstrated considerable overlap, they con-
cluded that the PRV and PRF improved the discrimina-
tion power between early and advanced CVI but that
RT was unable to achieve this result. A similar study by
the same group used the same parameters in 686 limbs
but included patients with sondary as well as primary
CVL.139 In sondary CVI, they showed that the mean+SD
PRV had significant discrimination power between
C,; versus C, 4 at the femoral vein (14.8+10.1 versus
32.4£16.1 cm/s, P=0.017) and popliteal vein (18.0+11.2
versus 28.9£19.0 cm/s, P=0.0003). The same was true
for the PRF at the common femoral vein (34.5+4.2 ver-
sus 66.0£19.1 mL/s, P=0.011), femoral vein (21.3+34.3
versus 43.8+43.2 mL/s, P=0.027) and popliteal vein
(15.0+£14.6 versus 20.1£16.9 mL/s, P=0.016). Once
again the overlap in both the PRV and PRF was con-
siderable between the two groups and there was also no
significant difference in RT.

Flow volume at peak reflux in mL/s was measured
using duplex ultrasound in the great and small saphe-
nous veins and deep veins in 46 patients (47 legs) with
symptomatic varicose veins.!40 Skin changes were pres-
ent in 19 legs. Total reflux greater than 10 mL/s was as-
sociated with a high prevalence of skin changes (66%)
irrespective of whether this was in the superficial or
deep veins, whereas reflux less than 10 mL/s was not
associated with skin changes.

Pulsatile flow

The presence of pulsatile saphenous flow using B-
flow ultrasound has been shown by one group to be
more helpful that the presence of reflux in discriminat-
ing severe disease.’® The most likely explanation for
this pulsatile flow which is often seen in patients with
severe CVD when examined in the standing position is
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TABLE 3.3.—Venous hemodynamics across the C of CEAP classes
(median and interquartile range).

Variable ~ Control Co(n=27)  C; (n=26) C,.3 (n=24) C,.6 (n=35)

VV mL 78 109 132 149
(63.2-93.5) (82-130) (115-140) (125-182)

VFI mL/s 0.5 1.3 3.1 6.5
(0.3-0.8) (0.7-1.8) (2.8-4.5) (4.0-10.1)

RVF % 15.8 19.7 23.5 40.0
(11.2-23.5) (11.7-28.3)  (20.2-32.3) (33.8-46.2)

All values increased significantly (P <0.001, Kruskal-Wallis test).

that there is maximum dilatation in arterioles allowing
vis a tergo to manifest itself through to the venous cir-
culation. This is not the same as pulsatile flow as a result
of pressure waves transmitted from the heart, a result of
right heart failure and/or tricuspid incompetence.

Vein diameter

The clinical significance of the GSV diameter in
the thigh and calf as a marker of global hemodynamic
impairment was investigated in a study involving 112
lower limbs (85 patients) with SFJ incompetence and
GSV trunk reflux.!4! The GSV diameter increased with
the C of CEAP classes (p<0.001). Patients were subdi-
vided into four groups: control group (C,), group 1 (C,),
group 2 (C,3), group 3 (C,4). The VFI, VV and RVF
increased significantly from C, to CEAP, ¢ (Table 3.3).
The GSV diameter at all limb levels correlated well
with VV, VFI, RVF and C of CEAP (P<0.009 for all). A
GSV diameter of 5.5 mm or less predicted absent reflux
with a sensitivity of 78% and specificity of 87%. A GSV
diameter of 7.3 mm or greater predicted critical reflux
(VFI>7 mL/s) with an 80% sensitivity, 85% specificity
and 84% overall accuracy.

Vein diameters were correlated with reflux in a study
involving 32 legs.!42 Sixteen had venous ulceration, six
skin changes and 10 had symptoms of varicose veins
without any skin changes.

All limbs were studied with duplex ultrasound and
APG. The VFI had a significant but weak linear rela-
tionship (r=0.39) with the diameter of refluxing veins
at the knee and a stronger relationship (r=0.55) with the
diameter of lower leg veins. The VV correlated well
with calf vein diameter (r=0.75).

In a detailed study of 182 legs, measurement of GSV
diameter at the proximal thigh 15 cm distal to the groin
(PT) compared to measurement at the SFJ demonstrated
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higher accuracy and both higher sensitivity and speci-
ficity for venous disease class (C of CEAP) as well as
for prediction of reflux.!43 Of 182 legs, 60 had no GSV
reflux (controls; group I), 51 had above-knee GSV re-
flux only (group II) and 71 had GSV reflux above and
below knee (group III). The GSV diameters in group I

Measured 7.5 mm at the SFJ and 3.7 mm at the proxi-
mal thigh. In groups II and 111, they measured 10.9 mm
at the SFJ and 6.3 mm at the proximal thigh (P<0.001
each). Measurement at the PT revealed higher sensitiv-
ity and specificity to predict reflux and clinical class:
Sensitivity to predict reflux was 0.80 and specificity
was 0.88 at the PT. Sensitivity for clinical class was
0.78 and specificity was 0.67 the SFJ. Significant cor-
relations were found with clinical disease classes for
the whole sample (Pearson’s r=0.46-0.54; P<0.001)
and for legs with reflux alone (Pearson’s 1=0.39-0.42,
P<0.001). Thus, PT diameter may develop as the pre-
ferred surrogate parameter for specific clinical situa-
tions. That study also revealed that GSV diameter and
clinical disease class did not differ between those with
reflux above the knee only or those with reflux both
above and below knee. This finding is in disagreement
with the belief that the length of reflux in the GSV has
an influence on disease severity. 144, 145

Neglen and Raju studied the morphologic distribu-
tion of venous incompetence by erect duplex ultrasound
and descending venography and the results of AVP mea-
surement, venous refilling time, the Valsalva test, and
air-plethysmography (VFI) compared to the clinical se-
verity class in 118 con sutive limbs (class 0: n=34; class
1: n=42; class 2 equivalent of C, of CEAP: n=11; class
3 equivalent to Cs, of CEAP: n=31).14¢ Twenty-nine
percent of limbs with severe venous disease (class 2/3)
had pure deep insufficiency, only 6% had pure super-
ficial disease, and the remainder had a combination. A
history of previous thrombosis and the presence of pos-
terior tibial vein incompetence were markedly common
with ulcer disease (84% and 42%, respectively). A du-
plex ultrasound multisegment score correlated strongly
with clinical severity classification (r=0.97). The ve-
nous refilling time and VFI had the highest sensitivity
for identifying severe venous disease (class 2/3), and
the ambulatory venous pressure had excellent specific-
ity. The authors concluded that for noninvasive deter-
mination of reflux, the combination of VFI and duplex
ultrasound scanning not only localized reflux but also
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separated severe clinical venous disease from mild dis-
ease with high sensitivity and specificity.

Leg volume changes

Changes in blood volume and blood flow in limbs
as a result of exercise were measured traditionally us-
ing plethysmography. Initially, this was with water or
impedance and more recently by stain-gauge or foot
volumetry.147-154 However, development of air-plethys-
mography (APG) which could provide volume changes
of the whole leg from ankle to knee in absolute units has
contributed to a better understanding of venous hemo-
dynamics.155. 156

The pressure-volume relationship

The pressure-volume relationship, method of calcu-
lation of venous distensibility, compliance and elastic
modulus in normal veins have been presented in Chap-
ter 1.

Comparison of elasticity in normal and varicose veins
demonstrated a higher elasticity (i.e. a higher stiftness
in filled veins) with varicose veins.!57 For this study, the
authors used foot volumetry and direct pressure mea-
surements recording refilling of the veins after exercise.
Eiriksson and Dahn,!58 measured volumes at thigh cuff
pressures of 30, 50 and 70 mmHg in 40 normal limbs
and 46 limbs with varicose veins. Larger volumes were
measured at the higher cuff pressures in the limbs with
varicose veins indicating that distensibility was higher
than in normal limbs because of a higher capacity.

Kidd and Lyons studied the pressure-volume rela-
tionship for changes in venous tone associated with
temperature change,!5® to show the effect of venoactive
medications,!60. 161 exercise,!®2 menstrual cycle, preg-
nancy and oral contraceptives.163. 164

It is apparent that a standard method to study the
mechanical function of the venous wall has not been
established. One of the problems associated with the
various methods for analysis used in the above studies
is that they do not discriminate the increases in volume
associated with stretching of the vein wall from those
due to changes in vein conFigureuration. This problem
has been overcome by using the stion of the pressure-
volume curve above a pressure of 20 mmHg which
determines the point at which the vein wall begins to

265



LEE

stretch.2 This is because in vitro findings suggest that a
transmural pressure of 20 mmHg ensures that the vein is
circular in cross- stion and allowing for tissue pressures,
a corresponding pressure in-vivo might be achieved at
internal vein pressures of 25-30 mmHg. This then al-
lows the elastic modulus (K) to be calculated defined as
stress/strain when the veins are full (Chapter 1). Calcu-
lations were made in 19 normal legs, 33 legs with su-
perficial varicose veins, 16 legs with deep venous reflux
and 18 normal legs defined as “high risk” because of the
presence of varicose veins in the contralateral leg. The
results showed a clear difference in elasticity between
normal limbs and limbs with varicose veins, and also
between normal and high risk limbs, whereas there was
no difference in values of K between legs with superfi-
cial varicose veins, legs with deep venous reflux and the
“high risk” normal legs (Figure 3.12).

Leg volume changes with posture and exercise

Using the manoeuvers described in Chapter 1 (Fig-
ure 1.8), APG showed changes in venous volume (VV)
in mL, amount of reflux in the form of venous filling
index (VFI) in mL/s, the ejected volume (EV) in mL
and ejection fraction (EF) of the calf muscle pump, as
well as the residual volume (RV) in mL and residual
venous fraction after 10 tiptoe movements. The high
reproducibility of these measurements with coefficients
of variation of less than 10% for all measurements!55. 165
enabled the investigators to demonstrate differences in
different pathologic situations and improve our under-
standing of venous hemodynamics.56. 155. 166

By changing from the supine position with leg eleva-
tion to the standing position with support to avoid any
leg muscular contractions, there was an increase in leg
VV of 100-150 mL in normal limbs and 100-350 mL in
limbs with CVI.

The rate of filling (VFI) of the leg venous “reservoir”
varied from 2 mL/s in normal limbs up to 25 mL in the
presence of deep axial reflux (Figure 3.13). A VFI of 2
mL/s or less indicates absence of significant venous re-
flux and shows that veins are filling slowly from the arte-
rial circulation. A VFI greater than 7 mL/s was associated
with a high incidence of skin changes, chronic swelling
and ulceration (see Chapter 10), irrespective of whether
reflux was in the superficial or deep venous systems.>6
Application of a narrow pneumatic tourniquet (2.5 cm
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Figure 3.12.—The elastic modulus K for the normal limbs and limbs
with chronic venous disease. N=normal; HRC=High risk group;
SVI=superficial vein incompetence; DVI=deep vein incompetence

wide) which occluded superficial veins just below the
knee reduced VFI to less than 5 mL/s in limbs with prima-
ry varicose veins and competent popliteal valves (Figure.
3.13) but not in limbs with incompetent popliteal valves
on duplex ultrasound.!5¢ However, the strong application
of inelastic bandages was able to normalise elevated VFI
values despite popliteal incompetence.!¢” Also, measure-
ments before and after ligation of the SFJs or SPJs have
demonstrated abolition of reflux.168

The range of the ejection fraction (EF) values follow-
ing one tiptoe movement in the same limbs is shown
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Figure 3.13.—Venous filling index (VFI) (median and 90% range) with-
out and with a tourniquet (T) that occluded the superficial veins at the
knee in normal (N) limbs, limbs with primary varicose veins without
sequelae of chronic venous disease (lipodermatosclerosis and ulcera-
tion) (PVV), primary varicose veins with sequelae of CVD (PVV/S) and
limbs with popliteal reflux (PR).56

in Figure. 3.14a, and residual volume fraction after 10
tiptoe movements is shown in Figure. 3.14b. There was
a good linear relationship between RVF and AVP at the
end of the 10 tiptoe movements (Figure 3.15)

An other study involving 132 limbs (C,_16; C,=30;
C4=20; C,=25; Cs=21and C,=20) studied with both du-
plex ultrasound and APG demonstrated that reflux (VFI)
and residual volume fraction (RVF) increased when both
superficial and deep veins were incompetent and also with
an increasing number of systems involved, superficial (S),
perforating (P) or deep (D). (Figures 3.16 and 3.17).125

Measurements of venous outflow obstruction

Severe venous outflow obstruction causing swelling
and venous claudication frequently causes elevated ve-
nous pressure at rest and during exercise. Outflow ob-
struction should be suspected when swelling is the pre-
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Figure 3.14.—(A: left) Ejection fraction (EF) (median and 90% range)
and (B: right) residual venous fraction in normal (N) limbs, limbs with
primary varicose veins (PVV), deep venous incompetence (DVI) and
deep venous obstruction (DVO).
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Figure 3.15.—Relationship between residual venous fraction (RVF) and
ambulatory venous pressure (AVP) at the end of 10 tiptoe movements
(open circles: limbs with deep venous disease; closed circles: limbs with
superficial venous incompetence).!55

dominant feature. It may be associated with a history of
deep vein thrombosis and with development of promi-
nent collateral venous channels in the groin, above the
pubis or on the anterior abdominal wall. Severe outflow
obstruction is particularly suspected in patients with ve-
nous claudication post thrombosis.
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Figure 3.16.—Venous filling index (VFI) (A) and residual volume frac-
tion (RVF) (B), presented as median and interquartile range (left) and
scattergram (right), in 60 limbs with superficial (S) +perforating vein
(£P) incompetence, and 71 limbs with deep (£S, £P) incompetence
(Mann-Whitney test).

Simple leg elevation with the patient supine can pro-
vide an estimate of the resting venous pressure by ob-
serving the height (in cm) of the heel above the heart
level at which prominent veins in the foot collapse. A
study that measured direct femoral vein pressures in pa-
tients with iliofemoral occlusion demonstrated by ve-
nography showed that the average resting pressure in
the supine position in those with poor pelvic collater-
als was 5.5£10.5 mmHg higher than the unobstructed
opposite limb, whereas, the gradient between the two
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Figure 3.17.—Venous filling index (VFI) (A) and residual volume fraction
(RVF) (B), presented as median and interquartile range (left) and scat-
tergram (right), in 16 limbs with single venous system incompetence, 62
limbs with dual system incompetence, and 54 limbs with triple system
incompetence. Both VFI and RVF increased overall with the number of
incompetent venous systems (P<0.01 for trend, Kruskall-Wallis).

limbs in those with good collateral veins was 0.6+1.4
mmHg.169

In the presence of a stenosis a peak velocity ratio of
>2.5 across the stenosis is the best criterion to use for
the presence of a pressure gradient >3 mmHg.!70

Several methods have been used to quantify outflow
obstruction or indirectly measure its severity - RVF dur-
ing exercise, maximum venous outflow or outflow frac-
tion, arm-foot pressure differential and venous outflow
resistance.
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Figure 3.18.—Residual volume fraction (RVF) during walking in 12
normal limbs and 7 limbs with severe outflow obstruction.

Venous volume during walking

In one study they measured the RVF using APG
during walking on a treadmill in 12 normal limbs of
healthy volunteers and 7 limbs with axial vein reflux
combined with severe outflow obstruction due to a pre-
vious DVT followed by poor recanalization.!7! Walking
speeds were 1.0, 1.5, 2.0 and 2.5 km/h. In normal limbs,
the RVF was 45% (95% CI 42% to 50%) at 1.0 km/h
decreasing to 42% (95% CI 37% to 48%) (P>0.05) at
2.0. In limbs with severe outflow obstruction RVF was
68% (95% CI 62% to 74%) at 1.0 km/h increasing to
79% (95% CI 73% to 86%) (P for trend=0.009) (Figure.
3.18). According to Figure. 3.15, this RVF of 79% ap-
proximately corresponds to an AVP of 80 mmHg.

Maximum venous outflow and outflow fraction

The presence and extent of deep venous obstruction
suspected from clinical and ultrasound examination can
be confirmed by venography, CT- or MRI-venography
or IVUS. However, the functional severity of the ob-
struction is difficult to assess from these imaging in-
vestigations. Quantitative measurements are obtained
from the maximum venous outflow (MVO) using strain
gauge plethysmography or APG. Initially, a proximal
thigh cuff is inflated to 80 mmHg with the limb elevated
10 degrees and the veins are allowed to fill. The cuff is
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Figure 3.19.—Outflow fraction (OF) (median and 90% range) without
and with (s) occlusion of the superficial veins in limbs of 50 normal
volunteers (N), 157 limbs with primary varicose veins (PVV), 70 limbs
with deep venous incompetence (DVI) and 68 limbs with venographic
deep venous occlusion (DVO).

suddenly deflated and measurements are made from the
outflow curve.172. 173

Strain-gauge plethysmography recording MVO was
an established screening method for detecting DVT
in the 1970s.174. 175 Normal limbs had a MVO greater
than 45 mL/100 mL/min. In approximately 90% of
patients who had an abnormally low MVO soon after
DVT (see chapter 2), values close to the lower limit of
normal were found one year later presumably because
of recanalization and development of collateral chan-
nels. However, in 10% of patients, the MVO remained
grossly abnormal and these patients remained severely
incapacitated often due to persisting venous claudica-
tion.

By 1989, the one sond venous outflow fraction could
be measured using APG.172. 173,176 and it was found that
this was more than 38% of the venous volume in normal
limbs, 30-38% in limbs with mild to moderate obstruc-
tion and less than 30% in limbs with severe obstruction.
Provided that superficial veins acting as collateral chan-
nels had been occluded, a good separation was obtained
between limbs with and without venographic obstruc-
tion (Figure 3.19)

The ability of the APG one sond outflow fraction
(OF) to discriminate between limbs with arm-foot pres-
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sure differential (AP) lower or higher than 5 mmHg is
shown in Figure 3.20.

Gravitational Venous Drainage

The venous drainage index (VDI) in mL/s is a recently
introduced parameter of APG.!77 It is the exact opposite
of the VFI. The VDI quantifies the rate of calf decom-
pression from a position of dependency to elevation. It
is intuitive that a slow rate of calf decompression, which
occurs in obstruction, will have a poor response to gravi-
tational drainage. This has been validated in healthy con-
trols using graduated thigh-cuff pressures to simulate
degrees of obstruction.!”8 Using a tilt-table comparing
healthy controls with patients of known obstruction, the
cut-off point in determining presence of obstruction was
a VDI <11 mL/s.!” In a subsequent study VDI was re-
duced significantly in response to iliac venous stenting.!80

Arm-Foot pressure differential

The arm-foot pressure differential has been used by
Raju as another means to assess the functional sever-
ity of outflow obstruction.!$! This method consists of
recording the venous pressure in veins of the foot and
hand simultaneously with the patient in the supine po-
sition at rest. The measurements are repeated after in-
ducing reactive hyperemia. In normal limbs, the arm-
foot pressure differential (AP) was less than 5 mmHg at
rest and rose to 6 mmHg during reactive hyperemia. In
patients with venographic evidence of outflow obstruc-
tion, the measurements allowed limbs to be classified
into four grades (Table 3.4).

Venous outflow resistance

As indicated in Chapter 1, venous outflow resis-
tance can be calculated from the outflow curves of
volume and pressure obtained simultaneously (Fig-
ure 1.9).182, 183 By measuring outflow resistance in a
large number of patients without (N) and with vari-
ous grades of obstruction (Raju test: Grades [-1V), a
relationship between the two methods has been found
(Figure 3.21). However, it should be pointed out that
the measurement of resistance when a proximal thigh
cuff causes pressure in the veins to be greater than 20
mmHg is far from physiological, since resting pres-
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Figure 3.20.—Outflow fraction (OF) (median and 90% range) in 15
limbs with deep venous reflux but no obstruction (arm-foot AP < 5
mmHg) and 8 limbs with venographic deep venous obstruction (arm-
foot AP > 5 mmHg).

TABLE 3.4—Arm-foot pressure differential (AP mmHg) in limbs
with outflow obstruction.

Grade AP at rest AP increment
during hyperemia
1 Fully compensated <5 <6
II Partially compensated <5 >6
1T Partially decompensated >5 > 6 (often 10-15)

IV Fully decompensated > 5 (often 15-20)  No further increase

sures rarely exceed 15 mmHg. A method for measur-
ing outflow resistance at physiological pressures is
required.

Hemodynamic changes in the microcirculation

Microcirculation is the term used to describe vessels
with mean internal diameter smaller than 100 pm with-
in organs that are responsible for distribution of blood
within tissues and whose spatial arrangement depends
upon the tissue specific structure and functions. They
include arterioles, venules, capillaries (size ranges 4-10
um), arterio-venous anastomoses in the skin of the ex-
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Figure 3.21.—Relationship between outflow resistance curves and Raju
classification of Grades I-IV outflow obstruction (N: normal limbs).182

tremities, and also lymphatic capillaries and lymphatic
collecting ducts. In the skin, the capillaries are mainly
located in the superficial, papillary layer of the dermis,
where the nutritional needs are important, whereas the
venules and arterioles are arranged in two to four su-
perimposed parallel networks in the dermis for thermo-
regulatory purposes.

Venous leg ulcers and the other skin changes of
chronic venous insufficiency are related to a specific
venous microangiopathy, also named venous hyperten-
sive microangiopathy according to the main pathophys-
iological disturbance in the venous microcirculation.
This microangiopathy can be observed noninvasively
through standard and OPS (orthogonal polarisation
spectral imaging) capillaroscopy, and its consequences
measured by laser Doppler flowmetry, transcutaneous
PO, (TcPO,) and plethysmography.

Blood flow maldistribution

From a hemodynamic point of view, the most strik-
ing feature of venous microangiopathy is the contrast
between an abnormally increased skin blood flow, and a
decreased oxygen delivery to the tissue.

The first evidence about this paradox derives from
the observation, in the 1950’s, of an early venous return
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observed in arteriograms combined with an increased
oxygen content in the efferent blood in the limbs of pa-
tients with post-thrombotic syndrome or varicose veins.
184-187 The proposed explanation at that time was an
opening of arterio-venous anastomoses, but subsequent
isotope-labeled microsphere studies ruled out the exis-
tence of such anatomic shunts.!88

The most striking evidence of the inefficient oxygen
delivery to the skin tissue in spite of a high blood flow
was elegantly provided by the PET-scan study of Hop-
kins et al. in 1972,18% which showed that at the same site
in patients with leg ulcers, blood flow was very much
increased and O, extraction very much decreased com-
pared with the contralateral leg.

This was interpreted as an O, diffusion block by Bur-
nand and Browse, who in parallel had found pericapil-
lary fibrin deposits in patients with leg ulcers 190 and
a correlation of an increased number of capillaries in
histological skin samples of patients with ambulatory
venous hypertension.!5 However, the capacity of fi-
brinogen to block oxygen diffusion was questioned and
it was soon realized that the increased number of capil-
lary stions in the skin ulcer area was due to the circum-
volutions of capillaries that were actually decreased in
number, as shown by capillaroscopy.19!

Eventually, the decrease in O, was explained by the
reduction in subepidermal capillary density and in-
creased O, diffusion distance.!9! It was also realized
that the increase in flow, confirmed by many laser-
Doppler studies,92-196 took place in the deeper layers of
the dermis, probably related to an abnormal vasomotor
regulation or stimulated by the tissue hypoxia/acidosis
and inflammation.194. 197

Alteration of interstitial capillaries
and edema formation

Changes in hemodynamics of veins that result in
venous hypertension are transmitted into the microcir-
culation to increase hydrostatic pressure in capillaries.
This results in transcapillary filtration that exceeds lym-
phatic drainage so as to contribute to interstitial edema
formation. Venous hypertension slows blood flow in
capillaries prompting leukocyte adhesion to capillary
endothelium and initiating an inflammatory reaction.!98
One theory holds that inflammation opens gaps between
endothelial cells through a mechanism involving vas-
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cular endothelial growth factor (VEGF), nitric oxide
synthetase (NOS), and contraction of actin and myo-
sin filaments present in endothelial cells.!% If the gaps
become very large then greatly raised capillary perme-
ability to fluid and macromolecules, even allowing ex-
travasation of red blood cells, results in their flow into
the interstitial space with edema formation. Swollen en-
dothelial cells with enlarged intercellular spaces make
the capillary lumen irregular. The consequent increase
on macromolecular permeability causing plasma, fi-
brinogen and red blood cell leakage, impairs nutrient
exchange.!90. 192 Sustained venous stasis and hyperten-
sion lead to chronic inflammation in the capillary bed
and surrounding tissues and chronic edema.200. 201 Sub-
sequent reduced capillary density could cause trophic
disorders and leg ulceration.!82

Alteration of skin capillaries and venous
ulcer formation. Spatial heterogeneity
of venous microangiopathy

Skin is the final target of chronic venous hyper-
tension and hemodynamic changes in veins. Clinical
manifestations caused by alteration in skin capillar-
ies are pigmentation, venous eczema, lipodermato-
sclerosis, atrophie blanche and eventually venous
ulceration. Several mechanisms for the development
of venous ulcers have been postulated of which the
theory of “leukocyte trapping” is the most likely.202
It is hypothesized that the primary injury to skin is
extravasation of macromolecules such as fibrinogen
and alpha-2-macroglobulin as well as red blood cells
causing pigmentation into the dermal interstitium.
Red blood cell degradation products and extravasa-
tion of interstitial proteins are potent chemoattrac-
tants and presumably generate an initial inflamma-
tory signal that results in leukocyte recruitment and
migration into the dermis.!98 Pathologic events oc-
cur during leukocyte migration into the dermis and
the end product is dermal fibrosis. As indicated at
the beginning of this chapter, one of the pathologic
events is an increase in transforming growth fac-
tor beta-1 (TGF-B1), released by macrophages and
mast cells or auto-induced by dermal fibroblasts.
An increase in TGF-B1 causes an imbalance in tis-
sue remodeling which results in increased colla-
gen synthesis and affects matrix metalloproteases
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Figure 3.22.—Capillaroscopic pictures in several areas of the right leg
in a 68 years male patient with post-thrombotic syndrome (from P Car-
pentier).

(MMPs) as well as their tissue inhibitors (TIMPs).
It is hypothesized that an imbalance in MMPs and
their regulation may cause or contribute to venous
ulcer formation. A cascade of inflammatory events
results in cutaneous changes which include skin hy-
perpigmentation caused by hemosiderin deposition
and eczematous dermatitis. Fibrosis may develop in
the dermis and subcutaneous tissue lipodermatoscle-
rosis. There is an increased risk of cellulitis and leg
ulceration. A linear relationship between ulceration
rate and ambulatory venous pressure has been dem-
onstrated.203

Since the early days of capillaroscopy, the simple
and noninvasive observation of the papillary capil-
laries through the epidermal layer with a magnifying
instrument has shown a decrease in capillary density,
an increase in capillary size and tortuosity and a het-
erogeneity of these parameters. Gilje204 was the first
to show these abnormalities, which were subsequently
precisely described by Fagrell,205 who showed that
the capillaroscopic picture was different in pigment-
ed areas, in lipodermatosclerotic skin and in atrophie
blanche or ulcer scar. Indeed, on the same limb, the
capillaroscopic pattern can range from normal to al-
most avascular areas with rare but huge glomerulus-
like capillaries (Figure 3.22). Franzeck and Bollinger
quantified the deficit in capillary density that was lin-
early related to the TcPO,.191

Over the last ten years, an improved capillaroscopic
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Figure. 3.23.—The orthogonal polarization spectral (OPS) imaging
technique used in the Cytoscan has allowed the study of alterations of
skin capillaries in patients with chronic venous disease.(Courtesy of E
Bouskela).

technique, the orthogonal polarisation spectral (OPS)
imaging technique used in the Cytoscan has allowed
alterations of skin capillaries to be studied in patients
assigned C,; to C4 of the CEAP classification (Figure.
3.23). The Cytoscan has a small handheld probe which
can be noninvasively applied to all body surfaces to
evaluate microcirculatory parameters such as function-
al capillary density (FCD, capillaries/mm?), diameter of
dermal papilla (DDP, um) to quantify edema, the largest
diameter of the capillary bulk (DCB, um) to assess its
degree of change, capillary limb diameter (CD, pm) to
describe diameter changes, and capillary morphology
(CM, % of abnormal capillaries per field). It was dem-
onstrated that all of these values were progressively al-
tered from C, to C, patients and that values in CVD pa-
tients were significantly different from these in healthy
subjects (P<0.05).206

Alteration of lymphatic vessels

The function of lymphatic vessels is very important.
They are involved in the recirculation of lymphocytes
and proteins, transport of microorganisms by lymph and
drainage of interstitial fluid to blood. The average human
body weighing 65 kg contains 3 L of blood plasma and
12 L of interstitial fluid. Up to 812 L of afferent lymph
are produced each day of which 4-8 L of ultrafiltrate are
reabsorbed into the bloodstream. The concentration of
proteins in plasma, interstitial fluid, afferent lymph, and
efferent lymph is 70 g/L, 20-30 g/L, 20-30 g/L, and 60
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g/L, respectively. The fluid turnover reaches up to two-
thirds of the total volume of interstitial fluid daily.207 The
skin on the lower extremities contains a denser and more
extensive network of lymphatic capillaries than the skin
of the upper extremities.208 Due to orthostatism, lower
extremities have higher filtration pressure and influx of
fluids, and it is thought that the capacity for lymph trans-
port in the lower extremities is greater in order to com-
pensate for the higher influx of interstitial fluid caused by
the effects of orthostatism and gravity.

Spontaneous contractility of lymphatic vessels con-
tributes to lymph transport. Regular contractions of
lymph vessels at a frequency of 2-4 per minute were
observed in vitro and spontaneous contractions of pren-
odal lymphatic vessels that drive lymph have been
observed in human legs.2% Internal extensions of lym-
phatic endothelial cells act as valves and guarantee a
one-way lymph flow.207

In a steady state, extravasation of fluids and proteins
from blood vessels is balanced by lymphatic drainage
and return into the bloodstream. If microvascular filtra-
tion in blood capillaries and venules as occurs in ad-
vanced CVD exceeds the capacity for lymphatic drain-
age for sufficiently long periods, edema develops in
afflicted areas by accumulation of tissue fluid in the in-
terstitium. In addition, lymphatic dysfunction and struc-
tural damages to the lymphatic network are associated
with varicose veins, and subsequent lymph stasis and
reduced lymph transportation lead to inflammation.210
This is associated with lipid accumulation in the media
of the diseased veins. Such accumulation of inflamma-
tory lipids in the vein wall might further damage adven-
titial lymphatic vessels.

Normal skin blood flow

Only 5-10% of the total skin blood flow is through
nutrient capillaries that reach the outer layers of the der-
mis.191. 205 The number of capillary nutrient loops per
unit area is related to the TcPO, in that the smaller the
number of nutrient capillary loops per mm?2, the lower
is the TcPO, 191

The output signal from laser Doppler flowmeters is
directly proportional to blood flow in the microcircula-
tion and particularly in superficial (<1 mm depth) skin
vessels detecting flow in subpapillary plexuses, super-
ficial shunts and capillaries. Laser Doppler probes re-
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Figure 3.24.—Red cell flux in a normal limb (above) and in a limb with
venous hypertension (below) (RF = resting flux; SF = standing flux).
Note the presence of vasomotor waves at RF and the decreased red cell
flux on standing (SF) as a result of the venoarteriolar response in the
normal limb; also the absence of vasomotor waves and high red cell
flux both at rest and on standing indicating the absence of venorteriolar
response (A = movement artefact).

cord red cell flux (a function of the number of red cells
and their velocity) in a small volume of approximately
1 mm3. One of its advantages is the ability to record
vasomotor activity which produces rhythmic fluctua-
tions in blood flow. Vasoconstriction alternates with
vasodilatation of arterioles, often differing in adjacent
areas. Arteriolar vasomotor activity acts as a local regu-
latory mechanism for blood flow and determines total
skin blood flow. In pathological situations such as in-
flammation, allergic reactions and venous hypertensive
microangiopathy, vasomotor activity may be reduced or
abolished with generalised vasodilatation resulting in a
marked increase in skin blood low by up to 5 times.
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Figure 3.25.—The venoarteriolar response may be induced by foot de-
pendency (A), standing (B), sitting up (C) or increasing the venous pres-
sure by inflating a thigh tourniquet. In patients with chronic venous in-
sufficiency and severe venous hypertension, the venoarteriolar response
is absent or minimal.

The postural venoarteriolar response (VAR)

In normal limbs, the precapillary resistance in the
skin of the foot and perimalleolar region increases
on standing producing a decrease in capillary blood
flow.211.212 This response minimises the number of cap-
illaries exposed to a high pressure and flow in the stand-
ing position, limiting the increase in capillary pressure
determined by the vertical column of blood between
the heart and the foot.213 It has been suggested that this
vasoconstrictory response or venoarteriolar response
(VAR) is mediated by a sympathetic axon reflex.2!!. 212
Absence or reduction of the VAR exposes a large num-
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ber of capillaries to high pressure on standing and is
associated with increased capillary leakage and ankle
edema.

The VAR in a normal limb and its absence in a limb
with venous hypertension can be shown by laser Dop-
pler flowmetry (Figure 3.24). A recording shows that
in a limb with venous hypertension (lower tracing),
there is an increase in the skin red cell flux indicat-
ing increased skin blood flow at rest (RF= resting
flux) with reduction of the normal vasomotor activ-
ity in the supine position followed by absence of the
VAR on standing.!93. 195 Lowering the leg and foot
below the horizontal in a normal subject elicits the
VAR producing a small decrease in skin red cell flux
by 10-20% (Figure 3.25), a greater decrease in skin
red cell flux by 40% is observed on standing (Figure
3.25B) and a small decrease in flux is also observed
by sitting up while keeping the leg horizontal (Figure
3.25C). Inflating a thigh cuff to 80 mmHg to occlude
the superficial venous system will also elicit a small
decrease in flux and no further decrease would then be
observed when the leg is lowered below the horizon-
tal (Figure 3.25D).

Skin blood flow and the VAR in limbs
with venous hypertension

The difference in the effect of the VAR between
normal limbs and post-thrombotic limbs was demon-
strated in a study of 20 limbs with axial reflux and 25
age and sex matched normal controls.!95. 196 Patients
were selected to have an AVP>65 mmHg and small
perimalleolar ulcers (area 1.5-3 cm?). The probe of
the laser Doppler was attached to the perimalleolar
region at least 1 ¢cm proximal to the upper edge of
the ulcer. Figure. 3.26 shows the resting flux (RF)
and standing flux (SF) in each group. The mean RF
in the post-thrombotic limbs was approximately three
times higher than in normal limbs. On standing, there
was a small but not significant decrease in skin flux
in post-thrombotic limbs whereas the decrease in flux
on standing was significant in the normal limbs. The
mean VAR (percentage decrease of flux on standing)
was 14% in the post-thrombotic limbs and 57% in the
normal controls. This physiological response elicited
when venous pressure increases by 40 mmHg or more
with absence or reduction of the VAR exposes a large
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Figure 3.26.—The venoarteriolar response in 20 patients with venous
hypertension and in 25 normal subjects.

number of capillaries to high pressure on standing
and is associated with increased capillary leakage and
ankle edema.

Skin flux is lower in normal limbs and there is a sig-
nificant decrease in flux on standing. The latter is almost
abolished in patients.

On the basis of these findings, the authors produced
the following hypothesis. In normal limbs with nor-
mal vasomotor activity when the limb is horizontal,
only a portion of the capillaries, say 5 out of 10, are
open at any time. On standing, the VAR results in
“closing down” 2 or 3 further capillaries so that only
2 or 3 capillary loops bear the high pressure when the
venous system becomes full. Thus, capillary flow is
greatly reduced and capillary leakage is minimal. In
contrast, limbs with severe venous hypertension have
an increased skin blood flow on average by three
times, and vasomotor activity is minimal indicating
that most capillaries, say 9 out of 10, are open, not un-
like an inflammatory reaction. On standing, the VAR
is minimal so that a large number of capillaries, say 8
out of 10, remain open resulting in increased capillary
leakage proportional to the area of capillary endothe-
lium exposed to the high flow and pressure. This hy-
pothesis was subsequently tested by further studies in
which the RF, SF and VAR were correlated with AVP,
TcPO,, TcPCO,, local skin temperature, capillary per-
meability, inhalation of CO, and finally by observing
the effect of therapeutic measures known to promote
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Figure 3.27.—Correlation between skin flux and ambulatory venous
pressure in normal subjects (lower group), patients with moderate ve-
nous reflux due to superficial venous disease (middle group) and in pa-
tients with severe deep venous reflux (upper group).

100

the healing of leg ulcers on the microcirculation.!94

Correlation of resting flux (RF), standing
flux (SF), and venoarteriolar response (VAR)
with ambulatory venous pressure (AVP)

In a study involving 70 limbs (15 normal, 20 with
primary varicose veins and skin changes (no ulceration)
and 35 with deep venous disease and ulceration), there
was a positive linear relationship between RF and AVP
(r=0.84) (Figure 3.27) and a negative linear relationship
between VAR and AVP (r=- 0.79) (Figure. 3.28).194

Correlation between VAR, RF and
SF with TcPO, and TcPCO,

The RF, SF, VAR, TcPO,, TcPCO, and AVP were
measured at the perimalleolar region in 20 post-throm-
botic limbs with popliteal vein reflux on duplex ultra-
sound scanning and ten normal limbs. Intercorrelation
between the parameters is shown in Figure. 3.29.193
The correlation between TcPO, and all other param-
eters was poor (r<0.4) and this was not surprising be-
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Figure 3.28.—The venoarteriolar response in the same groups as in Fig-
ure. 3.26.

1 T 1*
o
SF ol
=
0
80 T ** 5 _,*.* x r>07
. .
y P *xr< 05
POZ mmHg r ,:,' . L
.. L
ol )
* * X
58
. . . L
:ll .l Ll ) :
PCO, mmng |+t * A= ey
L] ! Al
0 nd L 2
% * X ok *
O 0 LI LA
B LY I MROTI B BTN
AVP mmHg ' ' L by
~ » = N g
[
. * * ok * *]
' {0 IR P LR oo A
¢ ¢ . e s,
VAR % & . \ ! 'y, . I 4 'i
¢ ¢ ' ] ‘
70 ). 'y U wd
O, MB 012 oS0 w0 e L se 0 60
RF SF PO, PCO, AVP

INTERNATIONAL ANGIOLOGY

Figure 3.29.—The intercorrelation between ambulatory venous pressure
(AVP) and microcirculatory parameters (SF = standing flux; RF = resting
flux; VAR = venoarteriolar response) including transcutaneous PO, and
PCO,. The parameters with good correlation (r > 0.7) are indicated (*).
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Figure 3.30.—The vacuum suction chamber device. A negative pressure
(-30 mmHg) is maintained.

cause light emitted by the laser Doppler probe pene-
trates only the superficial part of the dermis for 1.0-1.5
mm and as such measures red cell flux in a variable
depth. All other parameters are well intercorrelated
(r>0.6). Particularly interesting was a negative linear
relationship between TcPCO, and VAR (r= —0.72).
The question arose whether the increased PCO, was
responsible for or was the result of the vasodilatation,
high skin red cell flux and abolition of vasomotor ac-
tivity (vasoparalysis).

In an attempt to answer the above question, the ef-
fect of CO, inhalation (5% for 15 minutes increasing
the TcPCO, by 20%) was administered in ten normal
volunteers. The decrease in VAR as a result of the lat-
ter is shown in Figure 3.28. This demonstrated the
powerful effect of PCO, on the microcirculation indi-
cating that the observed effects in venous hypertensive
microangiopathy may be the effect of locally raised
PCO,.194

The venoarteriolar response and capillary filtration

In patients with diabetes and patients with venous hy-
pertension in whom the VAR is impaired, edema may
occur as a result of high capillary pressure on dependen-
cy. Thickening of the basement membranes, which is the
histological hallmark of microangiopathy, is promoted
by chronically raised capillary pressure.2!4 In patients
with venous hypertension, local capillary filtration and
capillary permeability were evaluated using the vacuum
suction chamber (Vs.C) device (Figure 3.30).215 A small
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Figure 3.31.—Two curves obtained with strain-gauge plethysmography.
One in a normal volunteer and one in a patient with venous hyperten-
sion. The tangent to the curve at 7-10 minutes is proportional to the
capillary filtration. There is an increased capillary filtration in the patient
with venous hypertension.

plastic chamber is applied to the skin of the perimal-
leolar region and a negative pressure (-30 mmHg) is
produced for a period of 10 minutes. The Vs.C produces
a wheal determined by edema which disappears in min-
utes or hours). Wheals are recorded by serial photos tak-
en every 5 minutes. In normal subjects, they disappear
in less than 60 minutes. The disappearance time of the
wheals can be used to evaluate capillary filtration. There
is a negative linear relationship between the disappear-
ance time of the wheals and the VAR obtained in the
same area (Figure 3.31).

Capillary filtration rate can also be measured using
a strain-gauge applied just above the ankle. After rest-
ing for 30 minutes in the horizontal position, the subject
is asked to stand holding on to a frame. After the ini-
tial increase in volume due to filling of the veins, there
is a slow increase in volume due to edema. The slope
between the 7th and 10th minute is considered to be a
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measure of capillary filtration (Figure 3.31).216 Using
this technique, it has been found that there is an increase
in the rate of ankle swelling in patients with increased
skin flux due to the post-thrombotic syndrome and de-
crease in VAR.196
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CHAPTER 4
Effects of different types of compression on
venous hemodynamics and the microcirculation

Pathophysiology of venous hemodynamic
impairment relevant to compression therapy

As indicated in previous chapters, venous hydrostatic
pressure in the leg varies according to the body position.
In the supine position, it is less than 20 mmHg while in
the standing position it corresponds to the weight of the
blood column between the right heart and the measuring
point. The venous pressure in a dorsal foot vein in the
standing immobile position is about 80-100 mmHg de-
pending on the height of the individual, in both healthy
subjects and in patients with chronic venous disease
(CVD).1.2

In a healthy subject, the peripheral muscle pump is
able to reduce the venous standing pressure from ap-
proximately 80-100 mmHg to less than 30 mmHg with-
in a few steps.!.2 In patients with venous disease due to
chronic obstruction or valvular incompetence, venous
return due to calf muscle pumping is impaired and the
reduction in venous pressure with exercise is less so that
the distal venous pressure remains at about 50 mmHg
or higher. This is termed ambulatory venous hyperten-
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sion3 4 and results in a reduced ejection fraction from
the leg.5: ¢ Another important cause for ambulatory
venous hypertension is dysfunction of the venous calf
muscle due to muscle or joint dysfunction.

Accordingly, as CVD progresses, valvular function
deteriorates with increasing venous reflux, residual
venous volume increases during ambulation and calf
muscle pump impairment finally develops resulting in
a further increase of ambulatory venous hypertension.”
When deep venous obstruction is the main pathophysi-
ological mechanism, calf muscle pump dysfunction
can be even more severe, and the ambulatory venous
hypertension is usually higher than in patients without
obstruction.”

Compression materials, pressure and stiffness

Compression stockings, various bandages, adjustable
velcro-band-devices and pumps are often used to treat
CVD. Essential differences between these devices that
determine their hemodynamic effect are the pressure
and elastic properties exerted by the materials.

Compression pressure

The pressure exerted by a device on an extremity cor-
responds to the “amount” of compression therapy.

The pressure produced by a stocking is determined
by the commercial compression class of the hosiery in
relation to the individual leg size which is measured by
the prescriber and will rarely exceed a resting pressure
of 40 mmHg.8 The pressure exerted by a bandage de-
pends mainly on the tension with which the bandage is
applied. Inelastic bandages and hook and loop (Velcro)
band devices with short extension are usually applied
under full stretch and produce initial resting pressures
of 40 to 60 mmHg or more. These high initial pressures
decrease almost immediately, mainly due to edema re-
duction.® In contrast to inelastic bandages, which should
be applied by trained staff requiring some skill and ex-
perience, hook and loop band devices can be put on and
re-adjusted by the patients themselves.

Pumps (see Chapter 5) consist of one or several cir-
cumferential cuffs which are intermittently inflated with
air at variable sequence and pressure and will be con-
sidered in this chapter only as models to compare with
conventional compression systems.
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Stiffness

Stiffness of a compression device is defined as the pres-
sure increase induced by an increase in leg circumference
of 1 cm 8 and represents the relationship between its rest-
ing and working pressures. Based on stiffness, compres-
sion materials are differentiated into “elastic” and “in-
elastic”. An elastic or long-stretch material is extensible
to more than 100%. An inelastic material may be “no-
stretch” (e.g. zinc-paste) or short stretch with a maximal
extensibility of less than 100%. By combining several
materials over each other, the elastic property of the final
composite bandage can change in an unpredictable man-
ner. For instance, multi-component bandages consisting
of different elastic components such as the so-called “four
layer bandage” present a stiffness comparable to that of an
inelastic material due to friction between the different lay-
ers.10 It is therefore a misconception to call such bandages
“elastic”.1! For this reason, the terms “elastic” and “in-
elastic” are most appropriately used for single bandages
while, the elastic property of a multi-component bandage
should rather be characterized by stiffness for which in
vivo assessment has been proposed.12-14

Stiffness in vivo can be assessed by measuring the
pressure under a compression product at the so called
“B1 point” so as to calculate a “Static Stiffness Index
(SSI)”, subtracting the supine from the standing pres-
sure.!2 14 The B1 point is defined as the transition of
the muscular into the tendinous part of the medial gas-
trocnemius muscle, the site for the biggest increase of
leg circumference with dorsiflexion. A value of 10 was
proposed as a cut-off point between elastic and inelastic
materials,.!3 so that elastic material is characterized by
a value lower than 10 and inelastic by a value higher
than 10. Other parameters of stiffness that correlate with
SSI are the maximal pressure achieved during exercise,
pressure peaks and pressure amplitudes during walking
(the difference between systolic and diastolic pressure);
the latter parameters interplay in the dynamic stiffness
index determination.!s

Stiffness plays an important role in the performance
of compression devices during standing and walking.
With muscle contraction, an elastic material gives way
to the muscle volume increase exerting a sub-bandage
pressure which will be only slightly higher than the rest-
ing pressure. An inelastic stiff material does not give
way to muscle expansion and the exerted pressure will
rise significantly to the range able to overcome the in-
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Figure 4.1.—Sub-bandage pressure tracings at the B1 point: a) elastic
bandage (top), b) elastic bandage strongly applied (middle) and ¢) in-
elastic bandage (bottom). The resting pressure of a) and c) are approxi-
mately 40 mmHg. The pressure increase by standing up (=SSI) for a)
is 4.5 mmHg and for ¢) 20.8 mmHg. During walking, the pressure am-
plitudes (“massaging effect”) are much higher under the inelastic than
under the elastic bandages.

travenous pressure, thereby producing a significant vein
narrowing or occlusion. These important differences
concerning the pressures of inelastic and elastic materi-
als are shown in Figure 4.1.

According to the law of Pascal, there is an equal in-
crease of pressure at any point inside the system in a
closed, non-yielding container when pressure increases
by muscle activity. The energy created by functional
activity is maintained so that already minimal muscle
movement will create great variations in pressure.!6

Due to its elastic properties, elastic material would
need to be applied with very strong pressure at rest to
achieve a similar high standing and working pressure
and consequently would be painful and intolerable.!”

Impact of pressure and stiffness on
deranged venous hemodynamics

Different imaging methods such as phlebography, du-
plex ultrasound or magnetic resonance imaging (MRI)
have been able to demonstrate narrowing of venous di-
ameter by external compression which is a prerequisite
for its hemodynamic efficacy. The degree of narrowing
depends on the body position and the compression pres-
sure.

In the supine position, a pressure of about 20 mmHg is
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enough to narrow deep and superficial veins 1822 which
causes a shift of blood volume towards the heart.23 The
resulting increase of the cardiac preload needs to be tak-
en into consideration in patients with cardiac disease.
At the same time, reduction of venous calibre leads to
an increase of venous blood flow velocity which can
be demonstrated by measuring the mean transit time to
the groin after injecting radio-tracers into a dorsal foot
vein 2425 or by duplex ultrasound.26-29

In the upright position, pressures of 70-80 mmHg are
necessary to counteract the standing intravenous pres-
sure and reduce venous diameter as clearly shown by
phlebography,3° duplex ultrasound 21.3! or MR1.22, 32,33
A pressure of more than 60 mmHg is required to fully
compress the femoral vein at thigh level in the upright
position.20 Surprisingly, it can be shown that in the
prone or standing positions, compression may lead to
more pronounced narrowing of deep than superficial
veins, probably due to a shift of muscle compartments
associated with higher subfascial pressures.22.32,33

During walking, external compression created by an
inelastic material produces pressure peaks with every
muscle systole which overcome the intravenous pres-
sure and lead to intermittent narrowing of the veins,
demonstrated by duplex ultrasound.2! Measuring pres-
sures in a dorsal foot vein in patients with congenital
absent valves (avalvulia) has shown that a thigh cuff
inflated to 70 mmHg was able to cut down the elevated
intravenous pressure peaks caused by reflux in veins
during walking leading to a reduced mean ambulatory
venous pressure.34

Based on duplex ultrasound investigations in patients
with superficial reflux, it has been speculated that coap-
tation of valvular cusps to restore valvular competence
may be a basic mechanism of action from compression
therapy in venous disease.3> However, the important
hemodynamic improvement of impaired muscle pump-
ing even in avalvulia cannot be explained by reapproxi-
mating damaged valves by external compression, but is
rather a result of intermittent venous narrowing during
walking so as to create a kind of artificial valve mecha-
nism that blocks reflux with every muscle contraction.34
In patients with severe chronic venous reflux, measur-
ing venous pressure in a dorsal foot vein while walking
on a treadmill revealed similar results. By cutting down
the systolic peaks of the intravenous pressure curve us-
ing inelastic compression bandages (resting pressure
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over 50 mmHg), the mean ambulatory venous pressures
could be significantly reduced, and conversely this re-
sult could not be achieved using elastic stockings with
much lower working pressures.36

O’Donnell et al. were able to demonstrate signifi-
cant reduction of maximal pressure peaks under 30-40
mmHg compression stockings in patients with post-
thrombotic syndrome.37

Abolition of venous reflux by strong and stiff com-
pression in the post-thrombotic syndrome with deep
venous reflux has also been shown in experiments in
which global venous reflux was quantified by air-pleth-
ysmography.38 In this study which involved 21 patients
with leg ulcers and deep venous reflux, the efficacy of
compression bandages of varying pressure and mate-
rial (elastic, long-stretch versus inelastic, short-stretch
bandages, four-layer bandages) was investigated. The
initial median value of VFI without compression was
8.45 mL/s. VV and VFI were significantly reduced by
increasing external pressure, more strongly with in-
elastic than with elastic material. With a pressure of 25
mmHg, inelastic bandages diminished VFI to a median
of 3.25 mL/s while the elastic material did not even ap-
proach this value with a pressure of 40 mmHg (4.25
mL/s). Applying bandages of different material with
the same pressure of 30 mmHg, the most intense reduc-
tion of VV and VFI was obtained by inelastic and by
four-layer bandages. The effect on venous reflux was
statistically significantly superior with inelastic com-
pared to elastic material. With a pressure of more than
60 mmHg produced by inelastic bandages, even normal
VFI-values corresponding to complete reflux abolition
were achieved.38

Similar results have been obtained in patients with
superficial axial reflux using duplex ultrasound assess-
ment, where increasing leg compression led to progres-
sive reduction of great saphenous reflux. Similarly, sub-
bandage pressures of more than 80 mmHg achieved by
a non-elastic bandage in the standing position were able
to abolish reflux completely.3®

Improvement of venous pumping function in patients
with CVI has also been demonstrated by foot volum-
etry,40-42 air plethysmography 38 4345 and strain gauge
plethysmography, measuring volume changes of the leg
proximal to the compressed area.46:47 When air plethys-
mography was used, below knee elastic compression (30
mmHg at the ankle) produced a 41% reduction in AVP,
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28% reduction in VFI and 34% increase in EF.43 Using
strain gauge plethysmography, an increase of the ejec-
tion fraction of the calf pump by external compression
under standardized exercise was demonstrated, with fur-
ther improvements of increasing pressures between 20
and 60 mmHg. Elastic stockings led only to a moderate
improvement of the deficient venous pumping function.4’
There was a significant correlation between ejection frac-
tion and sub-bandage pressure during standing and walk-
ing and between ejection fraction and static stiffness in-
dex, demonstrating again the hemodynamic superiority
of inelastic material.4” This improvement of the pumping
function by inelastic compression is likely to be based on
two hemodynamic mechanisms: a) abolition of venous
reflux and b) effective compression to strengthen the
venous calf pump by distributing pressure peaks during
each muscle contraction inside the closed system covered
by a stiff bandage, following the law of Pascal .48

High compression pressures over the calf were shown
to be more effective than the conventional pressure gra-
dient of compression devices in increasing the ejection
fraction.49. 50

Impact of pressure and stiffness on the arterial
flow, the microcirculation and edema

Arterial flow

Measuring the ankle systolic arterial pressure by a
sphygmomanometer placed on the distal leg and a CW-
Doppler instrument gives important information on
the local perfusion pressure. Values below 50 mmHg
define critical ischemia5! and are a clear contraindica-
tion for sustained external compression exceeding this
value. However, specially designed intermittent pneu-
matic compression pumps providing pressures of more
than 100 mmHg for very short time periods followed by
prolonged periods of pressure release with the patient
in the sitting position proved to be beneficial in such
patients.52

Only few data are available concerning the influence
of sustained compression on the arterial flow in patients
with arterial occlusive disease. Magnetic resonance
flowmetry was used in a group of healthy persons by
Mayrovitz and Macdonald who reported an increase of
pulsatile arterial flow under stiff, multi-component an-
kle-to-knee bandages applied with a pressure around 40
mmHg.53 Top et al. showed that inelastic compression

285



LEE

bandages did not reduce toe pressure.54 These results
are in accordance with the findings of Mosti et al.55 who
used laser Doppler flowmetry to show that in patients
with mixed arterio-venous ulcers and an ankle/brachial
pressure index between 0.5 and 0.8, there was no reduc-
tion but even an increase of flow under the bandage,
as long as the exerted resting pressure of inelastic ban-
dages did not exceed 40 mmHg. At the same time, the
authors also demonstrated significant improvement of
venous pumping function in these mixed ulcer patients.

Microcirculation

Various changes of the microcirculation have been
described as a consequence of ambulatory venous hy-
pertension (see chapter 3).56.57

A few experiments have shown beneficial effects of
compression on the microcirculation.

In patients with chronic venous insufficiency, capillary
microscopy revealed an increase in capillary density as-
sociated with a decrease in capillary diameter and peri-
capillary halo diameter after two weeks of compression.58
Limb oxygenation measured by HbO, concentration dur-
ing walking exercise was shown to increase with stronger
compression stockings reaching statistical significance
with class 111 stockings only.> Abu Own et al. used laser
Doppler to show increasing flow in normal and lipoder-
matosclerotic skin areas of the lower leg under a compres-
sion of up to 60 mmHg pressure in the sitting position.®0

The influence of compression on the physiologic ve-
no-arteriolar reflex (VAR) induced by leg dependency
demonstrated through 133 Xenon clearance ¢! and laser
Doppler flowmetry ¢2. 63 has also been described in pa-
tients with deep venous reflux. Three week use of below
knee elastic stockings reduced resting red cell flux by
26% and improved VAR from 3% to 16% (normal value
37%).62 Patients with arterial occlusive disease show a
reduced VAR which is conversely augmented under in-
termittent pneumatic compression.®3

Significant biochemical changes were reported with
intermittent compression pumps which may be taken
as a model for intermittent compression under inelastic
bandages during walking.®4 Strain and shear on endo-
thelial cells from intermittent compressive releases sev-
eral anticoagulant, anti-inflammatory and vasodilating
mediators from the endothelial cells.* Inflammatory
cytokine levels in leg ulcer tissue were demonstrated
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to be reduced four weeks after compression therapy.6s
Compression results in reduction of the pro-inflam-
matory environment characterizing chronic venous ul-
cers by decreasing elevated matrix metalloproteinase
(MMP) levels.66

Edema

Following Starling’s law, edema develops because of
a complex interaction that involves the permeability of
the capillary wall and hydrostatic and oncotic pressure
gradients between blood vessels and tissues. Edema
will form when net capillary filtration in the affected
site exceeds lymphatic drainage.¢’. ¢ Lymphatic drain-
age is a major factor in microcirculation homeostasis
since nearly 100% of fluid is removed by the lymphatic
circulation in peripheral tissues and not by venular re-
absorption.68

Studies using micro-lymphangiography and indirect
lymphography have demonstrated that micro-lymphan-
giopathy is a typical feature of chronic venous insuf-
ficiency.5¢. © However, in spite of these overlaps, the
problem of lymphedema and its treatment by compres-
sion is outside the scope of this chapter and will there-
fore not be discussed in detail.

Compression counteracts edema especially by in-
creasing tissue pressure,’? and is also able to normalize
pathological patterns of damaged lymphatics in patients
with skin changes due to CVI (72).71

Edema reduction by compression is clinically so evi-
dent that only relatively few studies have been interested
in investigating a dose-response relationship measuring
compression pressure and stiffness in relation to volume
reduction. It has been demonstrated that low pressure
stockings (less than 20 mmHg at the ankle) are able
to prevent occupational edema in people whose work
involves prolonged standing.’2 73 Furthermore, 20-30
mmHg pressures are effective for reducing chronic
edema of the lower limbs which are significantly lower
pressures than those needed to compress leg-vein in the
upright position.74 75

Indications for compression devices
based on hemodynamic evidence

Different compression devices have gained rational
support for several clinical indications based on effects
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TABLE 4.1.—Hemodynamic effects of compression therapy in chronic venous disease and levels of evidence.

Hemodynamic effects of compression Level of Evidence Methodology
A. High quality
B. Moderate
quality
C. Low or very
low quality
Compression stockings <20 mmHg
Narrow superficial and deep veins in horizontal position.22.32 A MRI
Increase venous flow velocity.24-29 A Radio-tracers, Doppler-duplex Ultrasound
Prevent leg swelling after long sitting/standing.72. 73 A Volumetry
Reduce leg edema.’4.75 A Volumetry, Bioimpedance Spectroscopy
Compression stockings 20-40 mmHg
May narrow deep but not superficial veins in standing position.33 B MRI
Reduce leg edema.’#76 A Volumetry, Bioimpedance Spectroscopy
Reduce reflux.38.39.77 A APG, Duplex
Improve venous pumping. function.3s. 36, 40-45 A APG, foot volumetry, plethysmography
Reduce ambulatory venous hypertension.37 A Intravenous pressure measurement
Stiff bandages 20-40 mmHg
Reduce leg edema.’ 75 A Volumetry, Bioimpedance Spectroscopy
Reduce reflux more than stockings.38. 39, 44 A APG, Duplex
Improve venous pumping function more than stockings.!7. 36. 38, 44 A APG, foot volumetry, plethysmography,
Increase arterial flow.53. 55 A Nuclear magnetic flowmetry, Laser Doppler,
Stiff bandages 40-80 mmHg
Narrow superficial and deep veins in standing position.22 A MRI
Intermittently narrow leg veins during muscle systole.2! B Duplex
Reduce leg edema.”s A Volumetry, Bioimpedance Spectroscopy
Reduce reflux more than stockings.38. 39, 44 A APG, Duplex
Improve venous pumping function more than stockings.!7. 38, 44 A APG, foot volumetry, plethysmography
Reduce ambulatory venous hypertension more than stockings.36 A Venous pressure measurement

demonstrated by experiments.. Table I summarizes lev-
els of evidence concerning some hemodynamic effects
that have been shown in clinical trials.

Compression hosiery

Elastic stockings are very effective for reducing
vein diameter in the supine position so as to increase
venous flow velocity (Grade A). This is the basis for a
recommendation to use elastic stockings exerting 18
mmHg at the ankle to prevent venous thromboembo-
lism.78

Compression stockings with a pressure of less than
20 mmHg are able to prevent edema after long sitting,
for example during long haul flights and after prolonged
standing (occupational edema) (Grade A).72

Elastic stockings with higher pressure are also ef-
fective in the upright position to reduce reflux and
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increase venous pumping function (Grade A). Two
stockings may be superimposed, one over the other, to
achieve higher compression pressures which are still
manageable for patients to increase stiffness.” The ba-
sic stocking is worn overnight while the sond stocking
is applied over the first during daily activities when
higher external pressure will be needed to counteract
gravity.

Compression bandages with high stiffness

Inelastic materials are hemodynamically more ef-
fective than stockings, both to reduce reflux and in-
crease venous pumping function (Grade A). Due to the
higher standing pressure, inelastic devices with high
stiffness can achieve this greater effect starting from a
relatively low supine pressure of 20 mmHg.80 Inelas-
tic materials are frequently blamed for losing effec-
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tiveness over time due to pressure loss whereas elas-
tic materials should loose pressure only slightly. In
fact, Mosti ef al. demonstrated that inelastic bandages
applied for one week still showed improved venous
pumping function after seven days despite significant
pressure loss (Grade B).8! The stronger hemodynamic
effect of stiff bandages is the reason why they are es-
pecially indicated for severe forms of CVI such as ve-
nous leg ulcers.

After interventions on varicose veins, compression of
the venous lumen (“empty vein”) needs high pressure 2
which may be variable according to the location of the
treated vein. Compression stockings are too weak to
significantly reduce superficial venous diameters in the
upright position.2l. 31 As demonstrated by MRI in the
standing position, pressures of more than 60 mmHg are
necessary to compress superficial veins on the thigh and
lower leg (Grade A). If we want to achieve an “empty
vein” after sclerotherapy or after endovenous thermal
ablation then this can be realized only by very firm ban-
daging,?2.33 or by applying pads over the treated veins in
addition to conventional compression. It has been dem-
onstrated that special pads applied under a compression
stocking may exert a local pressure of 60 mmHg and
consequently a closure of the underlying saphenous
vein in the thigh.22.33. 82

Adjustable Velcro band devices

These compression devices consist of short stretch
textiles and may be assumed to produce hemodynamic
effects comparable to those of inelastic bandages. Their
hemodynamic superiority compared with elastic 30-40
mmHg stockings has been demonstrated by Spence et
al.** The main advantage is the fact that after a short
demonstration, they can be applied and re-adjusted by
the patients themselves.

Conclusions

Most experimental studies on compression corre-
spond to level 1 evidence (Grade A) and have proved
that compression has positive effects on impaired ve-
nous hemodynamics in patients with CVD. This results
in:

— narrowing of superficial and deep veins depend-
ing on body position and exerted pressure

288

INTERNATIONAL ANGIOLOGY

HEMODYNAMIC CHANGES IN LOWER LIMB VENOUS DISEASE: THE UIP CONSENSUS

— increase of venous blood velocity

— reduction or abolition of venous reflux

— improvement or normalization of venous pump-
ing function, and consequently,

— reduction or normalization of ambulatory venous
hypertension and

— improvement of the microcirculation, and

— reduction of edema.

Compression is able to counteract the hemodynamic
impairment of CVD if the exerted interface pressure is
higher than the intravenous pressure. The ideal com-
pression device should therefore exert a low resting
pressure which is well tolerated at rest and during night
time combined with a high standing and working pres-
sure.
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CHAPTER 5
Effects of intermittent pneumatic compression
and electrical calf muscle stimulation devices on
venous hemodvnamics and the microcirculation

Introduction

In the early days of thromboprophylaxis, both inter-
mittent pneumatic compression (IPC) !-8 and electri-
cal calf stimulation (ECS) 9 of the legs were used to
prevent venous thromboembolism (VTE). However,
there was primitive or no hemodynamic optimiza-
tion because non-invasive blood flow studies were
lacking. On the other hand, hemodynamics are not
the only factors that determine risk, since mechanical
methods cannot completely counteract hypercoagu-
lopathy such as seen in cancer, a known mechanism
for VTE.!1 Device failure has been associated with
both malignancy 12 and improper use.!3 The hetero-
geneity introduced could explain inconclusive results
for several clinical trials comparing different devices.
Nevertheless, IPC is an effective method for DVT pre-
vention and combined modalities have been shown to
be more effective than single preventive methods,!4
15 particularly when IPC is added to pharmacological
prophylaxis.16

IPC refers to all devices that compress the leg inter-
mittently. Some devices compress the foot only, others
the calf only, and others the calf and thigh, foot and calf
or foot, calf and thigh. Sequential compression device
(SCD) refers to a special subgroup of IPC devices with
multiple chambers inflating sequentially. ECS devices
produce intermittent electrical stimulation and contrac-
tion of calf muscles activating the calf muscle pump.

The aim of this chapter is to review the effects of IPC
and ECS devices on venous hemodynamics and the mi-
crocirculation.

General considerations

Correct sleeve application for IPC is of paramount
importance.!” The garments should fit snugly on pa-
tients’ legs allowing only about two fingers between the
sleeve and skin for effective compression. This could
explain findings in one study where the post-compres-
sion refill time was very short irrespective of the device
type, probably because the leg anatomy accounted for
variation in flow augmentation.!8
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Effect of different rates of compression cycles
and different pressures on venous velocity
and volume flow for intermittent pneumatic
compression devices used to prevent DVT

Comparison of IPC devices with different rates of com-
pression cycles

A long deflation period of 60 sonds was chosen in the
early days of IPC testing, in order to allow leg veins to
refill.1® This was to prevent premature compression of
leg veins but 60 sonds between compression cycles was
much longer than necessary for many patients.

In two comparative studies using a sequential com-
pression device (SCD) in normal volunteers and pa-
tients with varicose veins an adjusted-cycle of 11 sonds
inflation followed by 20-60 sonds deflation, depending
on the individual post-compression refilling time of the
calf veins (SCD Response™) was equivalent to a de-
vice with fixed inflation/deflation settings (11 sonds and
60 sonds respectively (SCD Sequel™),20.21 in terms of
peak velocity of blood expelled during the 11 sonds of
compression. (Level 1 evidence). In the same studies,
single-cycle volume flow parameters (crude volume
and flow volume) were similar (Level I evidence) while
the most important finding of these two studies was a
significant increase in total volume of blood expelled
per hour with the SCD Response™ compared with the
SCD Sequel™ as a result of the most frequent cycling
of the former IPC device. The difference was not only
statistically but also clinically significant, with volume
of blood expelled per hour increasing by 21-110% 20.21
(Level 1 evidence). 1t is interesting that the hourly vol-
ume increase was much larger in patients with varicose
veins or post-thrombotic syndrome, both known to be
at a higher risk for VTE, than in normal volunteers 20.21
(Level 3 evidence). The SCD Response™ was subse-
quently found to be similar in terms of the above hemo-
dynamic parameters with its miniaturized version, the
SCD Express™ IPC, which also has an optional battery
power option.22

Comparison of IPC devices with different inflation pro-
files (rapid vs. slow) pressures

One study compared the hemodynamics of a sequen-
tial compression device (SCD Express™ Compression
System) with a rapid inflation device (VenaFlow) in 12
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normal volunteers using duplex ultrasound.23 The two
devices were comparable in terms of the pressure ap-
plied. Baseline and augmented flow velocity and vol-
ume flow were measured at the level of the common
femoral vein just above the saphenofemoral junction.
Refilling time was determined from velocity recordings
in the common femoral vein. The refill time for the rapid
inflation device was shorter compared to the sequential
compression device (15 vs. 25 s; P<0.001) suggesting
incomplete leg vein evacuation. The SCD, by augment-
ing flow throughout a significantly longer compression
period per cycle (10.9 s vs. 6.3 s), expelled significantly
more venous blood (121 vs. 81 mL, P<0.001). Similar-
ly, the total volume of blood expelled per hour with the
SCD was 100% higher than the rapid inflation device
(9,685 vs. 4,853 mL, P<0.001). Peak velocity enhance-
ment was higher with the rapid inflation device but
blood flow during compression was comparable (669
vs. 772 mL/min; P=0.22) with the SCD, mainly because
the rapid inflation device failed to maintain flow en-
hancement beyond the initial flow surge. Similar find-
ings regarding higher peak velocity enhancement with
rapid inflation compared to slow inflation devices have
also been reported by others.24 Pulsatile calf and foot or
calf pneumatic compression with a rapid inflation time
produced the greatest increase in peak venous velocity,
whereas compression of the calf and thigh showed the
greatest increase in expelled venous volume.2’

In another study, a rapidly inflating intermittent calf
compression system and a more gently inflating equiva-
lent was applied to 20 healthy male volunteers. The rap-
idly inflating system produced significantly higher ve-
nous peak velocities and augmentations as expected.26

Griffin et al compared the hemodynamics of slow in-
flation sequential compression (SCD Express™ device,
variable cycling rate of 50-116 cycles/hour) with a pos-
terior sequential rapid gradient inflation device (PSR),
(constant cycling rate of 60 cycles/hour) in patients
with primary bilateral varicose veins.3? These devices
inflated thigh length sleeves. Compared with the me-
dian baseline flow, both devices significantly increased
flow during compression. Peak velocity increased from
a baseline of 12 cm/s to 38 cm/s for the SCD and to
68 cm/s for the PSR device (both P<0.001 and P<0.05
for intra-device comparison in favor of the PSR de-
vice). Single cycle volume expelled during compres-
sion was 105 and 45 mL (P<0.005), respectively and
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the total volume expelled per hour was 7,800 and 3,300
mL/h (P<0.005) respectively. The authors concluded
that higher volume expelled per hour during compres-
sion was observed with the SCD and this was due to in-
creased volume per cycle and more compression cycles
over time, because of the SCD device’s sensing of refill
time. Although peak velocity with the PSR device was
higher compared with the SCD device, it was associ-
ated with reduced expelled volume because of its short
compression period.

In summary, rapid inflation devices achieve a higher
peak velocity compared with slow inflation devices but
a lower volume expelled per inflation cycle (Level 1 ev-
idence). However, the duration of compression was not
comparable for the two types tested, simply because of
manufacturer settings. Compression after full sleeve in-
flation in both device types was about 5-6 sonds to allow
blood to be evacuated from the veins. It is unlikely that
volume expelled during compression would be equal
with the two devices if compression lasted for the same
time because there was no active flow enhancement af-
ter the initial pressure surge with the PSR device.

Comparison of IPC devices with different pressures

The volume of blood ejected from the calf of supine
subjects measured during varicose vein operations de-
pends on the magnitude of the applied pressure, tending
to a maximal value when the pressure is 40 mmHg.27.28
In a leading investigation 2° pressures of 35, 30 and 20
mmHg applied sequentially for 12 sonds at the ankle,
calf and thigh respectively produced a 240% increase in
peak blood velocity, whereas higher pressures did not
increase velocity any further.

As discussed above, several studies have compared
low pressure and high pressure (but rapid inflation) de-
vices which therefore are not directly comparable.24
30 Rapid inflation is achieved by high pressure so that
these two parameters are inherent. The consensus is that
high pressure devices, achieve greater velocities of ve-
nous blood flow because of rapid expulsion of blood.
Compression with high pressure achieves quick evacu-
ation of blood but beyond that point there is restriction
in arterial perfusion and venous flow 28.31 so that the
compression period for this kind of device should be
short. Regarding high pressure foot IPC, increase of ap-
plied pressure from 120 to 180 mmHg offered only a
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small outflow improvement 32 indicating that excessive
pressure beyond the point of venous emptying offers no
hemodynamic advantage, only patient discomfort and
the chance of dislodging pre-existing thrombi in case of
calf compression.

In summary, compared with standard pressure devic-
es, high pressure devices used beyond their optimized
profile do not offer additional hemodynamic advantage
(Level 1 evidence).

Differences in the hemodynamic changes
between single chamber pneumatic compression
and multichamber, sequential and graduated,
intermittent pneumatic compression

The first evidence that multichamber sequential com-
pression is superior to single chamber IPC was provided
a long time ago.?® Graded pressures of 35, 30, and 20
mmHg at the ankle, calf, and thigh respectively, ap-
plied sequentially for 12 sonds, produced a 240% in-
crease in peak blood flow velocity. A single chamber
non-sequential device inflated at 35 mmHg for 12 sonds
produced only a 180% increase in blood flow velocity.2°
In a recent study performed in patients with varicose
veins,33 a conventional sequential compression device
that applied circumferential compression produced a
sustained waveform of enhanced flow throughout the
compression period, indicating that active compression
was taking place during that period. The comparator
was a posterior uniform device which produced a bipha-
sic compression waveform consisting of an early phase
with a peak velocity which corresponded to the period
the sleeve was inflating, and a late phase of passive
compression during which velocity was similar to base-
line readings. The approximately 40% further increase
in peak velocity with the sequential compression device
compared with the uniform one was not statistically sig-
nificant due to the small number of patients, 12 in total.
The volume of blood expelled during compression was
also greater with the sequential device (mean 105 mL)
than the uniform device (mean 85 mL). However, the
two device types were not directly comparable because
circumferential pressure was not used in both and the
pressure rise time was shorter with the uniform pressure
device. An additional feature that favored sequential
compression was the presence of a longer venous re-
fill time as determined by duplex ultrasound recording
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venous blood flow velocity indicating more complete
evacuation of leg blood by the device compared with
the uniform device. In another study in normal volun-
teers, a conventional sequential compression device
was inferior to a posterior uniform device when peak
velocity of expelled blood was the end-point,!8 but no
flow data were provided.

Sequential compression compared with uniform
compression has been repeatedly shown to produce
complete evacuation of the venous blood. In a veno-
graphic study performed in 10 patients, the clear-
ance time of contrast medium from calf and thigh
was significantly shorter with sequential compres-
sion (1.52+0.67 min) than uniform compression
(2.82+1.09 min), P=0.005.2° In a study performed in
healthy human volunteers aiming to optimize indices
of IPC using radionuclide gated imaging, uniform
compression (intercompartmental pressure gradation
equal to 0 and intercompartmental time sequencing
to the onset of compression delta also equal to 0) was
substantially inferior to cycles with gradation and se-
quencing. The optimal values of intercompartmental
pressure gradation were in the range 5-10 mmHg and
of intercompartmental time sequencing to the onset of
compression in the range 0-0.5 sonds.34

In summary, multichamber sequential and graduated,
intermittent pneumatic compression has hemodynamic
advantages compared with single chamber pneumatic
compression, (Level 1 evidence).

Compression of multiple leg segments

There is better hemodynamic performance if multiple
leg segments are compressed. In a comparative study that
evaluated the ability of two devices to increase blood flow
in the profunda femoris vein, one device applied pressure
with a single-chambered sleeve to the below knee region
while the other applied pressure in a sequential gradient
fashion from the ankle to the thigh.35 Compression with
the single-chambered device produced a significant rise
in venous blood flow velocity but this could not be main-
tained while a higher average velocity was achieved with
the sequential gradient device. Additionally, the sequen-
tial gradient device moved a greater volume of blood and
achieved a higher average blood flow rate. The time be-
tween deflation of the sleeve and return of a phasic respi-
ratory signal in blood velocity was greater after compres-
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sion with the sequential gradient device indicating a more
completely emptying of veins in the leg.

Similarly, IPC of the foot and calf has been shown to
generate a higher venous outflow enhancement, com-
pared with foot or calf IPC alone.32 In another study
comparing calf compression with foot and calf sequen-
tial compression, the maximum velocity increased sig-
nificantly with both compressions but foot and calf se-
quential compression tended to have a greater effect.3¢
In another study using MR, the foot cuff contribution
was insignificant when combined with the calf cuff,
most likely the result of the small amount of blood vol-
ume of the foot. Calf compression provides maximal
increases of volume flow and flow velocity through the
deep veins compared with foot compression,3’ known
to be hemodynamically less effective.38

A novel, high-pressure, plantar compression system
compared with a classical low-pressure whole-leg boots
system produced similar hemodynamic improvement
in terms of venous blood peak velocity and flow in
the common femoral vein.3® However, the two devices
were not directly comparable because of the confound-
ing variable of different compression pressures.

In summary, compression of multiple leg segments
probably offers hemodynamic flow advantages (Level
2 evidence).

Miniaturised IPC devices

Miniaturized devices, very important in improving
compliance with IPC use, are associated with improved
efficacy and have been shown to have similar hemo-
dynamic properties compared with the traditional IPC
systems.22.40 (Level 1 evidence).

Passive calf compression and
electrical muscle stimulation

In a study that measured femoral venous flow contin-
uously using a thermodilution technique in volunteers,
passive straight-leg elevation produced the largest flow
(1524 mL per minute), followed by an anatomic contin-
uous passive motion (CPM) device and non-anatomic
CPM, then active ankle dorsiflexion (640 mL per min-
ute), [PC (586 mL per minute), manual calf compres-
sion (532 mL per minute), and passive dorsiflexion (385
mL per minute).4! Dorsiflexion of the ankle increases
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average peak venous velocity by more than 200% 38 and
foot exercise by a nurse for 5 minutes is equally or more
effective compared with the IPC device in increasing
peak blood flow velocity of the femoral vein.*2 The ef-
fect of rhythmic passive flexion of the foot on femoral
vein blood flow rate was investigated in a study on 11
patients undergoing surgery for varicose veins. With
rates of flexion varying from 24 to 50 per minute and
with amplitudes varying from 200 to 500, it was shown
that the peak femoral vein blood flow can be increased
to twice its normal value and that its pulsatility can be
increased eleven-fold. These increases were propor-
tional to both the rate and amplitude of the flexion, the
theoretical maximum occurring when the foot is flexed
+280° about a line perpendicular to the leg.43

Electrical calf muscle stimulation (ECMS) has been
shown to reduce the clearance time of intravenous con-
trast from the soleal veins# and significantly increase
blood flow in the deep vein system, either alone,*4-48 or
with co-current use of elastic stockings*s or elastic ban-
daging.4¢ It has been shown that hemodynamics with
ECMS are improved with concomitant compression.4®
Electrically elicited calf muscle contractions signifi-
cantly improve lower limb blood flow and can reverse
venous stasis induced by bed rest 48 with popliteal vein
flow being increased up to 10-12 times the baseline.4’
Short-term electrical foot stimulation is at least as ef-
fective as knee-high IPC in increasing popliteal and
femoral blood flow velocity.5 However, ECMS is less
effective than IPC in DVT prevention 5! and it is not
clear if this difference is due to hemodynamic reasons.

In summary, passive calf compression and ECMS are
both effective methods to enhance venous blood flow
(Level 1 evidence).

Mechanisms for reduced venous pressure, restored
venoarteriolar reflex and vasomotor activity and
reduced edema using IPC in the sitting position

Effects of IPC on the microcirculation

IPC affects both the arterial and venous circulation
with maximal effects in the sitting position. For a better
understanding of the mechanisms involved all effects,
arterial, microcirculatory and venous are presented.

Experiments in rats have shown that IPC of the legs
regulates nitric oxide synthase expression in skeletal
muscles,52 induces vasodilation in upstream muscles
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via nitric oxide (NO) production 53 and increases va-
sodilation in distant skeletal muscles.5* A similar ex-
perimental study demonstrated that the inflation rate of
IPC modulates IPC-induced vasodilation in the distant
microcirculation while peak-pressure duration does not
significantly influence the vasodilating effects from
compression.55 The greatest increase in diameter was
produced by IPC with the shortest inflation rate (0.5
sonds). A moderate increase resulted from compression
with an inflation rate of 5 sonds, and no effect on vaso-
dilation occurred during compression with the longest
inflation rate (10 sonds). The authors made a hypothesis
that rapid inflation produced a significant increase in
shear stress on the vascular wall which stimulates vas-
cular endothelium to release NO causing systemic va-
sodilation. Finally, IPC in an intact bone model resulted
in a significant local increase in total blood flow with
minimal measurable effects on the contralateral limb.5¢
In a study performed in humans (15 patients with pe-
ripheral occlusive arterial disease and 15 control sub-
jects), the effects of foot IPC on the microcirculation in
arterial disease were investigated.57 Laser Doppler flux
(LDF) and transcutaneous oxygen tension (tcPO,) were
measured on the big toe in the supine and sitting positions
before, during and after a 10 min period of foot pumping.
While sitting, there was a fall in LDF attributable to the
venoarteriolar reflex (VAR) and a rise in tcPO, compared
with the supine position. Application of foot IPC in the
sitting position resulted in an increase in LDF. The medi-
an percentage increase was 57% in patients while the me-
dian percentage increase was 66% in controls. Foot IPC
resulted in a further increase in tcPO, in both groups of
subjects with the median percentage increase in patients
and controls being 8% and 10%, respectively (P<0.01).
The authors concluded that foot IPC in the dependent po-
sition increases LDF and tcPO,. The stimulative effects
of IPC on limb tcPO, in patients with peripheral occlu-
sive arterial disease were confirmed by a recent study.58
IPC of the foot and calf has been shown to increase
arterial flow in normal individuals due to a dramatic de-
crease in the peripheral vascular resistance as the peak
systolic and end diastolic flow velocities increase and the
reverse-flow component diminishes.?® In a further study
in limbs with infrainguinal bypass, IPC enhanced skin
LDF with IPC of the foot, with IPC of the foot and calf
being more effective than IPC of the calf alone. The au-
thors concluded that [IPC may be beneficial in limbs with
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impaired distal perfusion and thus may have clinical im-
plications in the treatment of leg ulcers either prior to or
after revascularization.® In a similar study, IPC increased
infrainguinal graft flow velocity, probably by reducing
peripheral resistance.6! All [PC modes (foot, calf, foot
and calf) significantly enhanced mean, peak and end-dia-
stolic velocity and volume flow in both femoro-popliteal
and femoro-distal grafts. [PC of the foot and calf was the
most effective. IPC of the foot and calf enhanced median
volume flow, mean and peak velocity in femoropopliteal
grafts by 182, 236 and 49 per cent, respectively, and at-
tenuated pulsatility index (PI) by 61 per cent. Enhance-
ment in femorodistal grafts was 273, 179 and 53 per cent
respectively, and PI attenuation was 63 per cent. The in-
crease of EDV and decrease of PI indicates that decrease
of peripheral arteriolar resistance is the main mechanism
underlying flow enhancement. The authors suggested
that IPC has the potential to reduce the risk of bypass
graft thrombosis.®2 Impulse-related flow augmentation
has been shown in another study confirming that periph-
eral vasodilatation is the central mechanism.63

In a study in patients undergoing surgery for varicose
veins, the elimination rate of %Tcm-macroaggregated
albumin from the calf of the contralateral apparently
normal leg was studied with two modes of IPC com-
pared a slow and a fast pattern as well as a control group
without compression. For reasons that are not clear, the
radioisotope elimination rate was slower with compres-
sion than without.64

In summary, IPC modulates distant microcirculation
probably due to NO production, and decreases periph-
eral resistance which leads to increased arterial flow
(Level 1 evidence).

Effects of IPC on macrohemodynamics

A detailed discussion on the effect of IPC on venous
hemodynamics using Doppler was provided above, but
MRI is a new tool that has recently been applied. Com-
parison of hemodynamic and MRI data has shown a
high correlation between flow velocity increase caused
by IPC in the femoral and greater saphenous veins and
the decrease in volume of superficial veins and subcu-
taneous tissue measured by MRI, but not with changes
in subfascial volume. The single strongest predictor of
venous blood flow increase was the change in subcuta-
neous venous blood volume.65

Vol. 35 - No. 3

INTERNATIONAL ANGIOLOGY

LEE

The effect of IPC on heart function has been stud-
ied. Sequential IPC to the lower limbs caused minor
increase in mean arterial blood pressure and moderate
reduction of cardiac output and heart rate in one study.®6
Sequential IPC devices in normal volunteers augmented
cardiac output because of increased preload as well as
decreased afterload in another study.®’ Others found a
non significant change in central hemodynamics in pa-
tients with congestive heart failure.®® Finally IPC of the
legs has been shown to significantly improve hemody-
namic stability and reduce fluid demand during minor
surgery.%

The effect of sequential IPC on postoperative venous
function was investigated some time ago. Sequential
IPC prevented postoperative decrease in venous capaci-
tance and venous outflow in both the pumped and non-
pumped leg.’0 Of note, a highly significant correlation
between reduction in venous outflow and development
of postoperative DVT has been reported.”!

In summary, with the exception of limb venous he-
modynamics, the effects of IPC are poorly studied or
conflicting results have been reported.

Effects of IPC on venous stasis in laparoscopic surgery

Laparoscopic surgery is known to be associated with
venous stasis as a result of increased venous pressure
due to the pneumoperitoneum. The hemodynamic ef-
fects of IPC of the lower limbs during laparoscopic
cholecystectomy were investigated in one study. Pneu-
moperitoneum was found to increase femoral vein di-
ameter byl17% in volunteers and 14% in patients, and
decrease peak velocity by 49% and 32% respectively.
IPC of the legs restored venous flow velocity.”? Three
additional studies have reported similar findings that
IPC effectively neutralizes venous stasis during laparo-
scopic surgery.’>75 One of these also demonstrated an
increase in cardiac output by 27% and stroke volume
by 16%.75

In summary, IPC reduces venous stasis induced by
increased venous pressure due to pneumoperitoneum
during laparoscopic surgery (Level 1 evidence).

Effects of IPC on the veno-arteriolar reflex

Change in posture from supine to the sitting position
leads to distension of leg veins, increase in venous pres-
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sure and activation of the VAR, resulting in arteriolar
vasoconstriction with a decrease in blood flow in the
leg. The VAR is an axon reflex which is elicited when
the venous pressure exceeds 40 mmHg.76. 77 This is the
physiological mechanism that prevents development of
edema (see chapter 3). IPC has been shown to restore
blood flow by reducing venous volume of the leg and
thus venous pressure, abolishing the VAR and restoring
blood flow. In one study, there was significant reduc-
tion in popliteal artery blood flow on moving from the
supine to the sitting position.”8 Popliteal artery blood
flow was higher than baseline after 15 minutes of inter-
mittent pneumatic foot and calf compression, and this
increase in popliteal artery blood flow was still present
10 minutes after cessation of IPC. The effect of sequen-
tial IPC of the foot and calf on popliteal artery mean
systolic blood flow in patients with intermittent clau-
dication was investigated in another study. There was a
consistent decrease in flow from moving from supine to
sitting and to standing in all patients. Immediately after
IPC application, there was an increase in flow ranging
from 29-335% (P<0.05).7 Leg blood inflow enhance-
ment with foot IPC has been shown to be mediated by
a transient suspension of peripheral sympathetic auto-
regulation,® while the late phase of flow enhancement
(35 to 50 sonds) with IPC could be attributable to a de-
clining arteriovenous pressure gradient alone.8! In an-
other study, the integrity of the VAR correlated with the
level of skin blood flow augmentation generated with
IPC, perhaps due to a transient suspension of the auto-
regulatory vasoconstriction both in healthy controls and
in patients with PAD.82 In patients with chronic venous
insufficiency (CVI), a short cycle of IPC enhances ve-
nous tone as manifested by reduction in the diameter
of the common femoral and the great and small saphe-
nous veins on ultrasound.83 Both long and short cycles
of IPC were able to enhance the venous tone in CVI
patients for at least 30 minutes after the end of treat-
ment. Improved venous function could enhance edema
absorption in CVI patients in addition to local pressure
as described below.

Recent IPC devices are able to measure individual
post-compression refilling time (RT) of the calf veins.
Body position affected RT being longer in the sitting
position), indicating not only the devices ability to de-
tect changes in filling times and venous blood volume
but also the presence of the VAR.20. 84

296

INTERNATIONAL ANGIOLOGY

HEMODYNAMIC CHANGES IN LOWER LIMB VENOUS DISEASE: THE UIP CONSENSUS

In an investigation of the sympathetic reflex con-
trol of resistance in collateral arteries in the lower ex-
tremities in patients with diabetes mellitus, resistance
of collateral arteries increased by 40% during head-up
tilt compared with the horizontal position, and total leg
resistance was increased by 24%.85 Intra-arterial injec-
tion of the alpha-blocker phentolamine abolished the in-
crease of vascular constriction in the leg during head-up
tilt indicating that alpha-adrenergic tone was involved
in this observation. Finally, one study that investigated
the hemodynamic effects of IPC in patients with criti-
cal limb ischemia showed that those with significant
venous reflux may not benefit from IPC, an observation
that supports the theory that one of the mechanisms by
which IPC enhances flow is by increasing the arteriove-
nous pressure gradient.86

In summary, the sitting position leads to distension
of leg veins and activation of the VAR resulting in a
decrease in blood flow in the leg. IPC has been shown
to restore blood flow by reducing venous volume and
venous pressure, increasing the arteriovenous pressure
gradient, abolishing VAR and thus restoring arterial
blood flow (Level 1 evidence).

Effects of IPC and positioning

IPC devices work well in a variety of leg positions.
The reverse Trendelenburg position is associated with
better efficacy of foot pumps indicating a priming ef-
fect.87 Both rapid and standard IPC devices are effective
for maintaining venous flow in the lower extremities in
the lithotomy position.s8

In summary, IPC devices work well in a variety of
leg positions but there is only limited data (Level 2 evi-
dence).

Effects of IPC on leg edema

IPC is effective in controlling both acute and chronic
swelling after surgery and trauma of the foot and an-
kle,39 including calcaneus fractures,? chronic posttrau-
matic hand edema,’! and also enhancing fracture and
soft-tissue healing.92 IPC has been shown to be a use-
ful adjunct in preoperative edema resolution after ankle
fracture.” A study has shown that the pressure gener-
ated by IPC is transmitted to the muscles of the leg com-
partments and obviously to the other deeper structures,
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which could explain the beneficial effects of [PC.94 De-
spite transmission of high pressures to the leg muscles
which renders them transiently ischemic, IPC including
foot IPC,%3 is well tolerated by the majority of patients.

Lower pressures together with shorter inflation and
deflation times have been shown to be more effective
than higher pressures and long inflation/deflation times.
In addition, the lack of significant reduction in edema at
pressures above 40 mmHg suggests that higher pressures
cause a tourniquet effect. It seems that the mechanism
responsible for edema reduction is local compression
of the edematous tissue. This could explain the findings
of a study where calf-thigh pneumatic compression was
found to be more effective than plantar compression for
reducing thigh swelling during the early postoperative
stage.% Although effective in edema reduction, IPC
has a limited clinical role for treating post-mastectomy
lymphedema®’ which is likely to be the result of the
protein rich composition and hard nature of the lymph-
edematous tissue.

In summary, IPC devices reduce leg edema (Level 1
evidence).
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CHAPTER 6

Effect of pharmacotherapy on venous tone,
flow and the microcirculation

Veno-active drugs

Veno-active drugs (VADs) constitute a diverse group
of medications most of which are of plant origin. Recent
reviews have identified five main types listed below.!
The first four categories are drugs of plant origin.

1. Alpha-benzopyrones, notably coumarin.

2. Gamma-benzopyrones, also known as flavonoids,
which include diosmin, micronized purified flavonoid
fraction (MPFF) and rutosides, including rutin, troxeru-
tin and hydroxyethylrutosides (HR).

3. Saponins, including horse chestnut seed extract
(HCSE) and Ruscus extract.

4. Other plant extracts, including anthocyans, proan-
thocyanidins (grape seed extract, red-vine-leaf extract),
Ginko biloba extract and Centella asiatica extract.

5. Synthetic products (chemical family of quinons)
which include naftazone and calcium dobesilate.

Other medications

Glycosaminoglycans (GAC) are another group of
drug which is mentioned in this document since it has
relatively high affinity for endothelial cells, as many
heparins,2 GAC consist of a mixture of electropho-
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retically fast moving heparin (80% of the mass) and
dermatan sulfate and exhibits anticoagulant, and anti-
thrombotic properties in models of venous and arterial
thrombosis.3

Pharmacotherapy is commonly used as part of a rep-
ertoire of venous treatments in many parts of Europe,
and most VADs are classified as medicines and thus re-
quire a marketing authorization and medical prescrip-
tion. In the UK, however, many of these drugs are not
licensed or available. In the US, VADs such as horse
chestnut seed extract, Gingko biloba, and maritime pine
tree extract are available. Some of these drugs are pro-
moted as « dietary supplements » and can be used with-
out medical advice, while others are “medical food”and
are taken under medical supervision.

Macrocirculation

As indicated in previous chapters, macrocirculation
comprises large veins and venules of at least 1 millime-
ter in size. The superficial vein network is responsible
for blood collection from supra-aponeurotic tissues and
drains itself in the deep system through the perforators.
Veins of the lower limb allow blood to flow towards
the heart provided venous valves are competent. Limb
veins are described in the anatomical (A) part of the
CEAP classification and hemodynamic anomalies in
the physiopathological (P) part of it. Current investiga-
tions on the pathophysiology of chronic venous disease
(CVD) consider and evaluate the valvular competence
of deep, perforator and superficial veins. In the last sys-
tem only of the saphenous trunks and their first genera-
tion tributaries are investigated by ultrasound.

Venous tone and vasoconstriction

Veins are equipped with a smooth muscle layer locat-
ed mainly in the tunica media, which is smaller than in
arteries. The structure of the tunica media in human sa-
phenous veins would account for its low distensibility
upon changes in blood pressure.* Smooth muscle cells
in normal veins are contractile and responsive to recep-
tor-dependent vasoconstrictor stimuli mediated by al
and a2 adrenergic receptors. Adrenaline and noradrena-
line of circulating endogenous or exogenous origin are
receptor ligands to either al or a2 receptors. Venous
tone is maintained by continuous adrenergic stimula-

300

INTERNATIONAL ANGIOLOGY

HEMODYNAMIC CHANGES IN LOWER LIMB VENOUS DISEASE: THE UIP CONSENSUS

tion and depends on the local concentration of adrena-
line and other catecholamines in the receptor surround-
ings.The local concentration of these catecholamines
is regulated by two enzymes: monoamine oxidases
(MAOs) and catechol-O-methyltransferase (COMT).
Stimulation of al receptors leads to increased intracel-
lular Ca2* which results in smooth muscle contraction
and vasoconstriction. Ca2* is considered the major reg-
ulator of venous smooth muscle function.5 On the other
hand, stimulated a2 receptors cause a decrease of cyclic
adenosine monophosphate (cAMP) activity, resulting
also in vasoconstriction.® In experimental studies, the
constriction could be blocked by low concentrations of
prazosin (al-adrenoceptor agonist) or diltiazem (cal-
cium blocker) or by high concentrations of rauwolscine
(a2-adrenoceptor antagonist).” Varicose veins have de-
creased contractility upon stimulation with noradrena-
line, endothelin and potassium chloride when compared
with normal saphenous veins. The mechanism respon-
sible for decreased varicose veins contractility is recep-
tor mediated.8

Most VADs have been shown to increase venous tone
by a mechanism related to the noradrenaline pathway.
Micronized purified flavonoid fraction (MPFF) and
diosmin prolong noradrenergic activity,® 10 by inhibit-
ing the COMT, thereby decreasing the metabolism of
norepinephrine and prolonging its venoconstrictor ef-
fects.10-12 Hydroxyethylrutosides act by blocking inacti-
vation of noradrenaline,!3 and escin and ruscus extracts
act by agonism on venous al-adrenergic receptors.!4
Escin increases endothelial cell permeability to Ca2*
and the release of vasoconstrictors, while the venous
contraction induced by MPFF is not Ca2*-dependent.!5
Escin also induces small pores in the plasma membrane
which allows Ca?* to diffuse freely across, and make the
cell membrane permeable to higher molecular weight
solutes.!4 A high affinity for the venous wall was found
for MPFF,!¢ hydroxyethylrutosides,!7.!8 and GAC in
wall of the kidney cortex.!® The latter would increase
the thickness of the glycocalyx in patients with type 2
diabetes.20 Improvement in plethysmographic param-
eters was shown with Ruscus extract,2! MPFF,22 and
some other VADs.23 Hemodynamic effects were also
seen with GAC in patients with postthrombotic syn-
drome (PTS).2# The cellular mechanisms underlying
the properties of other venoactive drugs have not been
clearly established.
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Figure 6.1A.—Competent venous valve (closed), schematic and B-flow
ultrasound images. Courtesy of R J Lane.

Venous flow

As indicated in Chapter 1, unidirectional venous flow
from lower limbs to the heart is sured by venous valve
competence. Venous valves and wall are subjected to
many forces owing blood flow, of which the most impor-
tant is shear stress that plays an important role in inflam-
mation and development of chronic venous disease. Flow
direction and blood viscosity are also part of the patho-
logical changes that may occur in venous wall and valves.

This stion will therefore focus on three aspects of
flow: venous flow and venous valves, venous flow and
shear stress and blood viscosity.

Venous flow and venous valves

Venous valves are not passive membranes that simply
open and close the vessel lumen. The introduction of
B-flow ultrasonography has allowed the observation of
venous valves and blood flow in the area of the valve
in undisturbed conditions (Figure 6.1A and B) Using
B-flow imaging, Lurie and co-workers have proposed
a new concept for the mechanism of venous valve clo-
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Figure 6.1B.—Incompetent venous valve. The valve sinus is distorted.
The cusp above the dilatation is frozen and the adjacent cusp is pro-
lapsed. The high-velocity retrograde streaming deviates laterally above
a prolapsing cusp: (A) schematic and (B) B-flow ultrasound images.
Courtesy of R J Lane.

sure and the role of the valve in the circulation.25 Ve-
nous flow is normally pulsatile and separated into a
proximally directed jet and a vertical flow into the sinus
pocket behind the valve cusp; the vertical flow prevents
stasis in the pocket and ensures that all surfaces of the
valve are exposed to shear stress. Valve closure occurs
when the pressure caused by the vertical flow exceeds
the pressure on the luminal side of the valve leaflet due
to the proximally directed jet. Interestingly, foot move-
ments, which increase the velocity of the jet, reduce the
pressure on the luminal side of the valve leaflets and
cause closure of the valve. Thus, minimal reflux occurs
and endothelial surfaces are not generally exposed to
reverse blood flow (see chapter 1).

Such hemodynamic events are predetermined by the
shape and mechanical properties of the sinus and valve
cusps, and constitute a self-sustained mechanism for
competent valve operation.25 Actually, vertical flow into
the sinus pocket, which is mainstay in valve cycle, sures
an adequate oxygenation of valve pockets, and thereby
prevents thrombus formation. The shape of the valve
orifice during the opening phase of the cycle allows the
formation of organized flow patterns which conserve a
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significant amount of energy, thus accelerate blood flow
and facilitate venous return.

In a rat model of arteriovenous fistula which repre-
sents an extreme and acute form of venous hypertension,
exposing venous valve to continuous high pressure >90
mmHg, valve destruction occurred within 6 weeks.26 Ex-
posed superficial veins were dilated by 25% compared
with control ones, and their longitudinal stions showed
reduced valve leaflet width and height. Granulocytes
were infiltrated into these damaged valves. Treatment
with MPFF significantly attenuated the reduction of
valve height in pressurized veins, and markedly reduced
the rate of retrograde blood flow at 3 weeks compared to
controls. There was a trend to attenuate granulocyte in-
filtrate into exposed valves with MPFF. Compared to ve-
hicle, MPFF treatment inhibited the expression of endo-
thelial cell adhesion molecules P-selectin and ICAM-1,
reduced leukocyte infiltration, and decreased the level
of apoptosis in valves in a dose-dependent manner, sug-
gesting that in the rat model of venous hypertension,
MPFF attenuates alterations on valve shape and low-
ers subsequent hemodynamic disturbances. A decrease
in leukocytes-mediated valve inflammation was seen in
parallel. No other available drug has attenuated leuco-
cyte-endothelial interaction, in vivo. Numerous in vitro
experiments have shown that most VADs have scaveng-
ing properties towards free radicals.?’

Venous flow and shear stress

It has been shown that disturbed flow, and especially
flow in the reverse direction or oscillatory, has pro-in-
flammatory action via promotion of an inflammatory
endothelial phenotype. By contrast, pulsatile, laminar
unidirectional flow produces shear stress that is trans-
duced by endothelial cells and promotes the release of
factors that reduce inflammation (Figure. 6.2).28 Shear
stress also acts on leukocytes themselves. Leukocytes
respond to fluid shear stress by rapid retraction of pseu-
dopods, the shedding of adhesion molecules and the
detachment from the endothelial surface. On the other
hand, conditions of low or zero flow and shear stress ac-
tivate leukocytes and promote a shift towards an inflam-
matory state. Altered shear stress may be important in
initial phases of inflammatory events in venous valves
and walls and in maintaining leukocyte-mediated in-
flammatory reactions (Figure 6.3).
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Figure 6.2.—Summary of contrasting effects of steady, laminas shear
stress (upper panel) and turbulent or reversing shear stress (lower panel)
on vessel walls.

Abbreviations: ANG 11, angiotension II; IPA, invasion protein antigen;
MCP-1, monocyte chemotactic protein; NO, nitric oxide; PDGF, plate-
let-derived growth factor; PGI,, prostacyclin 1,; TGF-f, transforming
growth factor f; tPA, tissue plasminogen activator; VCAM-1, vascular
cell adhesion molecule 1. Copyright American Heart Association.

An indirect action of drugs is likely through prevention
of valve damage, thereby improving or restoring normal
blood flow, and allowing better oxygenation of valve pock-
ets. All these elements are part of normalized shear stress.

Blood viscosity

Hemorheological changes are constant in CVD, ap-
pearing as a basic trait with increased blood viscosity
due to plasma volume contraction and increased fibrin-
ogen as a consequence of inflammation.23 The presence
of huge red cell aggregates in the vicinity of venules re-
duces blood flow and causes poor oxygen delivery from
red cells. Erythrocyte aggregability and blood viscosity
increase with the severity of the disease.

June 2016



HEMODYNAMIC CHANGES IN LOWER LIMB VENOUS DISEASE: THE UIP CONSENSUS

Valve leaflet destruction

" Vein wall

/—\_
/G- =57 Altered fluid shear
L — stress on endothelium

_/_ ~_Vein valve /';;——

Vein wall distension by
Vein wall distension by pressure proteolyfic tissue weakening

/@' Mechanisms for MMP
elevation by

* Orthostafic pressure * Progesterone
* Proximal venous obstruction * Genefic and environmental

: o Leukocyte adhesion

Figure 6.3.—A schematic diagram illustrating selected mechanisms that
may control inflammation of the vein wall and valve leaflet (A). Valve
leaflets may be subject to inflammatory damage by alteration in magni-
tude and direction of fluid shear stress on the endothelium (B). Venous
valves may become unable to close their leaflets due to vein wall disten-
sion by elevated venous pressure (C), or by weakening of the vein wall
due to proteolytic degradation of its extracellular matrix. Abbreviation:
MMP, matrix metalloproteinases. Courtesy of G. Schmid-Schonbein.

Some VADs limit red cell aggregation (Gingko bi-
loba), decrease blood viscosity (MPFF, calcium dobesi-
late, GAC), and increase red cell velocity (MPFF).29,30

Valves in small veins and venules

It is commonly believed that valves are absent in
veins smaller than 2 millimeters in diameter. How-
ever, venous valves were first described in human
digital skin in 1934 and have been found in several
regions of the body.3! Most microvalves in lower
limbs are present within channels less than 100 pm
in luminal diameter.32 The role that microvalves
play is still unclear and their location and arrange-
ment in normal lower limbs suggest that they pre-
vent blood flow into the capillary bed (Figure.6.4).
This has been evidenced by Philips3? who found no
difference between lower limbs with venous ulcer
and normal ones regarding the number and density
of microvalves. However, microvalves in diseased
limbs were stretched and incompetent allowing ret-
rograde flow from large veins to dermal capillary
bed. The hypotheses proposed by Vincent et al. are
that degenerative changes in very small veins in leg
skin may be related to the appearance of telangiec-
tasiae, reticular veins and corona phlebectatica, and
also that valve incompetence in both, larger proxi-
mal vessels and small superficial veins at microvalve
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Figure 6.4.—Capillary bed network associated with an artery (A) and
vein (V). Four ‘microvalves’ are visible (arrowheads). Scale bar=2 mm.
Copyright Clinical Anatomy.
level would account for severe skin changes in ve-
nous insufficiency.34

Studies on the pathophysiology of CVD have not yet
acknowledged that the chain of events is not limited to
large veins including the saphenous veins but extends
down to the venular level where valves and microvalves
play an important role in venous hemodynamics. Such
recent findings still need to be explored in vivo and the
role of pharmacological treatments in protecting such
structures to be determined.

Microcirculation

Microcirculation is the term used to describe vessels
with mean internal diameter smaller than 100 within or-
gans which are responsible for the distribution of blood
within tissues. Capillary size in mammals ranges be-
tween 5-8 um. The microcirculation also includes lym-
phatic capillaries and collecting ducts.

Alteration of interstitial capillaries and edema formation

The changes in venous hemodynamics that result
in venous hypertension are transmitted into the mi-
crocirculation. Venous hypertension can result from
valve incompetence of axial deep or superficial veins,
perforating vein incompetence, venous obstruction, or
a combination of them. These factors are exacerbated
by muscle pump dysfunction in the lower extremity.
Venous hypertension increases hydrostatic pressure in
capillaries resulting in transcapillary filtration that ex-
ceeds lymphatic flow to contribute to interstitial edema.
Venous hypertension slows blood flow in capillaries,
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prompting leukocyte adhesion to capillary endothelium
and initiating an inflammatory reaction.! One theory
holds that inflammation opens the gaps between endo-
thelial cells via a mechanism involving vascular endo-
thelial growth factor (VEGF), nitric oxide synthetase
(NOS), and contraction of actin and myosin filaments
present in endothelial cells.35 The gaps would become
very large, greatly raising capillary permeability to
fluid, macromolecules, and allows extravasation of red
blood cells, resulting in their flow into the interstitial
space and in edema formation. Swollen endothelial
cells with enlarged inter-endothelial spaces make the
capillary lumen irregular and cause an increase on mac-
romolecular permeability with plasma, red blood cells
and fibrinogen leakage that could impair nutrient ex-
change.3¢:37 Sustained venous stasis and hypertension
lead to chronic inflammation of the capillary bed and
surrounding tissues and edema formation.38 39 Reduc-
tion of capillary density could cause trophic disorders
and leg ulceration.0 In experimental studies, MPFF
improved microvascular reactivity and functional cap-
illary density (number of capillaries with flowing red
blood cells per unit of tissue) after ischemia/reperfu-
sion.4! In experimental studies, MPFF induced a sig-
nificant dose-related reduction in the increased perme-
ability, and the non-micronized PFF was significantly
less effective.42 The synergistic action of all flavonoid
components of MPFF (diosmin, diosmetin, hesperidin,
linarin and isorhoifolin) explains its high efficacy for
reducing capillary permeability.43

Pappas et al. observed that inter-endothelial gap junc-
tions of capillaries from either the gaiter zone or thigh
of CVI patients were not widened, and theyproposed an
alternative explanation involving formation of transen-
dothelial channels for macromolecular transport.44

Experimental in vivo models have been used to study
the effect of drugs on the microcirculation. Microcir-
culatory preparations comprise hamster cheek pouch,
hamster or mouse skinfold, rat or hamster mesentery,
rat, hamster or mouse cremaster, and others.4> Numer-
ous pharmacological trials have shown that VADs in-
crease capillary resistance and reduce capillary filtra-
tion, resulting in prevention of capillary leakage. This
has been evidenced for micronized purified flavonoid
fraction (MPFF), rutosides, escin, Ruscus extract, pro-
anthocyanidins and calcium dobesilate.2°

Several clinical trials, most of them controlled versus
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placebo or stockings, have evidenced the anti-edema ef-
ficacy of oral VADs such as MPFF, rutosides, horse chest-
nut seed extract, calcium dobesilate, proanthocyanidines
and coumarin-rutin. In these trials, evaluation of the anti-
edema efficacy was based on objective measures such as
leg circumference assessment, strain-gauge plethysmog-
raphy and water displacement. Other large-scale trials
performed internationally on air-travel edema, on healthy
volunteers or in patients with varicose veins or postthrom-
botic syndrome have shown the value of VADs in reduc-
ing leg edema. Results of meta-analyses have confirmed
the anti-edema efficacy of such medications.2

Results of Cochrane meta-analysis for main VADs
showed significant treatment benefits for the VADs
compared with placebo with no evidence of heteroge-
neity among studies for edema (RR 0.72, 95% CI 0.65;
0.81). In a recent meta-analysis of ten publications dat-
ed between 1975 and 2009 including a total of 1010 pa-
tients, for the benefits of MPFF, hydroxyethylrutoside,
ruscus extracts and diosmin on edema reduction, the
mean reduction in ankle circumference was -0.80+£0.53
cm with MPFF, -0.58+0.47 c¢cm with Ruscus extract,
-0.58+0.31 cm with hydroxyethylrutoside, -0.20+0.5
cm with single diosmin, and -0.11+0.42 cm with pla-
cebo.46 The reduction in ankle circumference was sig-
nificantly superior to placebo whatever the drug used
(P<0.0001). The comparison between MPFF, Ruscus
extract and hydroxyethylrutoside on ankle reduction of
edema was in favor of MPFF (P<0.0001).46

Alteration of skin capillaries and venous ulcer formation

Skin is the final target of chronic venous hypertension
and of hemodynamic changes in veins. Clinical manifes-
tations of alteration of skin capillaries are pigmentation,
venous eczema, lipodermatosclerosis, atrophie blanche
and eventually venous ulcer. Several mechanisms for the
development of venous ulceration have been postulated,
of which the theory of “leukocyte trapping” is the most
likely one,*” although challenged today. It is hypothesized
that the primary injury to the skin is extravasation of mac-
romolecules, such as fibrinogen and a-macroglobulin,
and red blood cells (pigmentation) into the dermal inter-
stitium. Red blood cell degradation products and extrava-
sation of interstitial protein are potent chemoattractants
and presumably generate the initial inflammatory signal
which results in leukocyte recruitment and migration into
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TABLE 6.1.—Microcirculatory parameters in studied patients according to CEAP classification.

FCD (cap/mm?) DDP (pm) DCB (pm) CD (wm) CM (%)
Control 209 = 6.1 1114 = 135 528 = 88 8.1 08 3.6 55
Cl1 206 = 48 125.1 = 26.5 77.1 = 31.6 8712 203 =128
C2 209 = 6.6 141.0 = 21.1 758 179 97x13 275 *17.7
C3 18.0 =44 50.5 = 31.7 87.8 = 269 91=x16 449 = 32.6
C4 14545 169.5 = 23.7 103.2 = 35.4 9518 58.5 = 28.7
C5 12.1 £ 8.2 2239 * 1269 149.1 = 56.3 11.1 29 75.2 370

FCD, Funcuonal capillary density (number of capillaries with flowing red cells/mm=); CM, capillary morphology (%

of abnormal capillanies); DDP, diameter

of dermal papilla (to quanufy edema); DCB, diameter of capillary bulk (to assess the degree of change, pm); CD, capillary diameter (to evaluate enlargement, pm)

P < .05 compared with control values. Results expressed as mean = SD

the dermis.! Pathologic events occur during leukocyte
migration into the dermis and the end product is dermal
fibrosis. One of the pathologic events is an increase in
transforming growth factor beta-1 (TGF-p1), released by
macrophages and mast cells or auto-induced by dermal
fibroblasts. An increase in TGF-B1 causes an imbalance
in tissue remodeling, which results in increased collagen
synthesis and affects matrix metalloproteases (MMPs)
as well as their tissue inhibitors (TIMPs). It is hypoth-
esized that an imbalance in MMPs and their regulation
may cause or contribute to venous ulcer formation.! A
cascade of inflammatory events results in cutaneous
changes which include skin hyperpigmentation caused
by hemosiderin deposition and eczematous dermatitis.
Fibrosis may develop in the dermis and subcutaneous
tissue lipodermatosclerosis. There is an increased risk of
cellulitis and leg ulceration. A linear relationship between
ulceration rate and ambulatory venous pressure has been
determined.#8 (see chapter 3).

Over the last ten years, the orthogonal polarization
spectral (OPS) imaging technique used in the Cytoscan
has allowed the study of alterations of skin capillaries
in patients assigned C; to C; of the CEAP classifica-
tion (Figure.3.22 in chapter 3). The Cytoscan has a
small handheld probe which can be noninvasively ap-
plied to all body surfaces and evaluate microcirculatory
parameters such as functional capillary density (FCD,
capillaries/mm?), diameter of dermal papilla (DDP, um)
to quantify edema, the largest diameter of the capillary
bulk (DCB, um) to assess its degree of change, capillary
limb diameter (CD, pum) to describe diameter changes,
and capillary morphology (CM, % of abnormal capil-
laries per field). It was demonstrated that FCD, DDP,
DCB, CD and CM values were progressively altered
from C, to C, patients and values in CVD patients were
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significantly different from these of healthy subjects
(P<0.05), (Table 6.1).50

In 124 patients assigned CEAP C; to Cg, capillary
morphologic changes were observed through capilla-
roscopy following pharmacological intervention over
eight weeks consisting of Ruscus aculeatus (plant ex-
tract), hesperidin methylchalcone (HMC) and ascorbic
acid, 100 mg. Severe pain, heaviness and cramps de-
creased starting from the sond week until there were no
symptoms by the end of treatment. Capillary-level ef-
fect was proportional to symptom decrease and showed
98% to 20% inter-capillary fluid decrease; 80% to 20%
efferent loop thickening; 5% to 2% peri-capillary bed,
and 5% to 4% mega-capillaries.*

In a subsequent study,5! 55 female patients (85 legs),
25 to 57 years, with at least one limb classified as C,,s or
C ,3,8 (CEAP classification) were randomized to Cirkan
[venotonic drug containing Ruscus aculeatus (plant ex-
tract), hesperidine methylchalcone (flavonoid) and vitamin
C], graduated elastic compression stockings (GEC) or no
treatment for four weeks. Ten healthy women age-matched
were also investigated. Using orthogonal polarization
spectral technique, measurements of FCD, CM, DDP,
DCB and CD were obtained on the medial perimalleolar
region and later analyzed using Caplmage software. The
CVD patients showed significant changes on CD and CM
compared with healthy subjects in agreement with previ-
ous findings.5® On Cirkan-treated patients, CD decreased
after four weeks on both limbs and CM improved on the
left one suggesting an amelioration of the chronic hyper-
tensive microangiopathy. No significant changes could be
detected on other patient groups. These results confirmed
the existence of microcirculatory dysfunction in early stag-
es of CVD, probably due to post-capillary hypertension,
and further support the venotonic action of Cirkan.5!
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There is evidence from five randomized controlled
trials and a meta-analysis involving 723 patients as-
signed to CEAP class C4 that MPFF was effective for
healing venous ulcers when used as an adjunct to com-
pression therapy and appropriate local therapy, particu-
larly for ulcers that are large (>5 cm? in area) and/or
persistent (>6 months’ duration).52

In 235 patients undergoing local treatment and com-
pression bandaging, randomized to receive either GAC
or matching placebo for three months, complete ul-
cer healing after 2 months was higher with GAC at 2
months (P=0.018).53

Other VADS such as horse chestnut seed extract and
hydroxyrutosides failed to demonstrate superiority over
compression in healing venous ulcer,54 or in preventing
ulcer recurrence.55

Alteration of lymphatic vessels

The draining function of lymphatic vessels is very
important. They are involved in the recirculation of
lymphocytes and proteins, transport of microorganisms
by lymph, and drainage of interstitial fluid to blood. The
average human body weighing 65 kg contains 3 L of
blood plasma and 12 L of interstitial fluid. Up to 8-12 L
of afferent lymph are produced each day of which 4-8
L of ultra-filtrate are reabsorbed into the bloodstream
in the lymphatic nodes. Lymphatic vessels transport
4 L of efferent lymph into the bloodstream daily. The
concentration of proteins in plasma, interstitial fluid, af-
ferent lymph, and efferent lymph is 70 g/L, 20-30 g/L,
20-30 g/L, and 60 g/L, respectively. The fluid turnover
(including the volume of fluid reabsorbed in lymph
nodes) reaches up to two-thirds of the total volume of
interstitial fluid every 24 hours.5¢ The skin on the lower
extremities contains a denser and more extensive net-
work of lymphatic capillaries than the skin of the upper
extremities.>’ Due to orthostatism, lower extremities
have higher filtration pressure and influx of fluids, and
it is thought that the capacity for lymph transport in the
lower extremities is greater in order to compensate the
higher influx of interstitial fluid caused by the effects of
orthostatism and gravity.

Spontaneous contractility of lymphatic vessels is uti-
lized in lymph transport. Regular contractions of lymph
vessels, at a frequency of 2-4 per minute, were observed
in vitro. Spontaneous contractions of prenodal lymphat-
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ic vessels have been observed in human legs, and these
contractions were shown to drive the lymph.58 Internal
extensions of lymphatic endothelial cells act as valves
and guarantee a one-way lymph flow.56

In steady state, the extravasation of fluids and pro-
teins from blood vessels is balanced by lymphatic drain-
age and return into the bloodstream. If microvascular fil-
tration in blood capillaries and venules (as it is the case
in advanced CVD) exceeds the lymphatic drainage for
sufficiently long periods, edema occurs in afflicted areas
by accumulation of tissue fluid in the interstitium. In ad-
dition, lymphatic dysfunction and structural damages to
lymphatic network are associated to varicose veins, and
subsequent lymph stasis and reduced lymph transporta-
tion lead to inflammation.>® This is associated with lipid
accumulation in the media of the diseased veins. Such
accumulation of inflammatory lipids in the vein wall
might further damage adventitial lymphatic vessels.5®

Pharmacological trials of oral pharmaceutical treat-
ments encompassing coumarin and derivatives, hy-
droethylrutosides, calcium dobesilate, aescin extracts,
0-(beta-hydroxyethyl)-rutosides and MPFF found that
such drugs may help lymphedema treatment by reduc-
ing protein and extracellular fluid accumulation,® stim-
ulating lymph contractility and flow,%! and reducing
protein concentration and fibrotic induration in tissues
by stimulating proteolysis.62 63

In the review of clinical trials by Moseley et al.¢ five
studies investigated the effect of oral pharmaceuticals.
Three studies investigated coumarin with conflicting
results.®s. 66, 63 Burgos et al. investigated two dosages,
90 mg (n=23) and 135 mg (n=30) over 12 months and
showed at the end that both groups experienced similar
reduction in percentage volume of the limb.%5 Loprizi et
al. used a cross over design to investigate the 6-month
phase of coumarin (400 mg) and 6 month phase of place-
bo (n=138) and showed edema worsening in both treat-
ment and placebo phases.o¢ Casley-Smith et al. used the
same cross over design as above and demonstrated that
the amount of edema in the legs was reduced from 25%
to 17% above normal and that nearly one third of the
edema fluid was removed from the legs. During the six
months of the placebo period, the amount of edema of
the legs was unchanged from 24% above normal.63

A fourth study investigated MPFF or placebo (n=48)
over six months and found that the treatment group expe-
rienced 7% volume reduction whilst the placebo group
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experienced volume increase of 10%. Both groups ex-
perienced significant reduction in reported discomfort
and the treatment group also had a significant reduction
in heaviness.®7

The last study investigated three capsules of Ruscus
aculeatus and hesperidin methyl chalcone, (n=27) com-
pared with placebo (n=30) over three months.%8After the
first month, both treatment and placebo groups experi-
enced volume reductions of 1.2% and 0.5% respective-
ly. By three months, the treatment group had an overall
volume reduction of 12.9% whilst the placebo group
had an increase of 2.5%. Both groups experienced im-
provements in heaviness and limb mobility.

The 0-(beta-hydroxyethyl)-rutosides were studied in
a 6 month randomized, double-blind, cross-over trial
performed on 26 patients with postmastectomy lymph-
edema of the arm, and 14 with lymphedema of the leg.
The active drug significantly reduced the volume and
circumference of the limbs. Patients reported increased
comfort and freedom of movement, a lessening of their
bursting pains, heaviness and tension, and an increased
mobility of their limbs.®®

From the 15 selected trials of the effect of pharmaco-
logical treatment in the reduction of limb lymphedema,
the authors of the last Cochrane review were not able
to perform a meta-analysis due to the heterogeneity of
study designs. Consequently they did not draw conclu-
sions about the effectiveness of these drugs in reducing
limb volume, pain, or discomfort in lymphedematous
limbs.70

Considering the number of patients with lymphede-
ma in the Western Industrialized countries, no specific
product has been created to satisfy the needs of lym-
phatic patients as the market is considered small. A new
dedicated product for primary lymphedema, Robuvit, a
wood extract of French Oak (Quercus Robur), now also
under evaluation for sondary (post surgical) lymphede-
ma and lymphatic problems associated to venous insuf-
ficiency has been produced and tested. A recent study
has shown promising results on swelling, extracapillary
protein accumulation, limb size and function and per-
sonal satisfaction.”!

Hemodynamics and venous pain

Disturbed venous flow patterns and chronic venous
inflammation are interlinked phenomena. It is thought
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that mediators resulting from disturbed blood flow and
subsequent inflammation have an important role in ve-
nous pain occurrence. Proinflammatory mediators re-
leased locally as a result of hemodynamic changes and
hypoxia can activate nociceptors located in the venous
wall, between endothelial and smooth muscle cells of the
media, and in the perivenous space, in close contact with
the microcirculation.” The fact that pain is not closely
correlated with objective parameters of varicose vein re-
modeling, incompetent venous valves, and inflammation
suggests that the primary activation site of venous and/or
perivenous nociceptors may not happen in large venous
vessels. In this regard, the hypothesis of local activation
of nociceptors in venules and in the microcirculation,
where contact between nerve endings, arterioles and cap-
illaries is probably closer than on the macrovascular lev-
el, seems entirely plausible.”> Edema which is the direct
consequence of altered hemodynamics may also cause
pain by the pressure it exerts on nerve endings.

Hemodynamics and symptomatic patients without clini-
cal signs and pathophysiological anomalies (C,, pa-
tients)

Patients complaining of “venous” symptoms, but who
do not have any clinical signs, anatomical anomalies, or
physiological disorders that can be identified using the
current complementary investigations involved in the
CEAP classification, are assigned to class Cy E, A, P,,.
Such patients are not uncommon in practice, and the re-
sults of the recent international detection program (Vein
Consult Program) indicated that almost 20% of the 91 545
screened adults were classified with CEAP clinical grade
Cos-™* A thorough examination is required to exclude the
association of these symptoms with other disorders us-
ing complex imaging or even invasive investigations.
Pharmacological treatment with VADs and compression
therapy are currently used to treat C,, patients, but “evi-
dence-based” results on “pure” C,, patients are lacking.?”

Research interest has recently focused on possible
chronic inflammatory processes that can affect large
and small venous vessels and valves.2628 Degenera-
tive changes and incompetence in microvenous valves
can create reflux into the microvenous networks in the
skin, which may be involved in the development of
the severe skin changes that are observed with CVD.34
It is unknown if microvalve alterations could also be
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responsible for symptoms that appear early in the pro-
gression of the disease, particularly in the C, patients.
Research is currently ongoing to determine the origin of
the symptoms in C patients.

Indications for venoactive drugs

The role of VADs in the prevention of the natural his-
tory of CVD remains to be determined: are all VADs
able to prevent future morbidity? Research advances
have led to an appreciation of the importance of chronic
inflammatory processes throughout the course of the
condition, in the valves and walls of veins of all sizes
and also in the skin, leading towards the development of
varicose veins and leg ulcers.

Currently available drugs directed towards prevent-
ing or limiting the inflammatory response at all stages of
the condition may play a significant role in preventing or
slowing the development and recurrence of troublesome
outward manifestations. These pharmacological agents
(not only VADs) would deserve detailed study.28. 75

CVD-related symptoms constitute the most impor-
tant indication for venoactive drugs in patients at any
stage of disease. There are insufficient data to specify
those CEAP clinical classes for which the benefits will
be greatest, but it is reasonable to assume that patients
at all stages of the disease, and particularly at the early
COs stage, may benefit.! However, symptoms respond
to VADs treatment with variable success, resulting in
improved quality of life.2% 76 In the most recent guide-
lines for management of chronic venous disorders of the
lower limbs, VADs were assigned grades of recommen-
dation according to the strength of the clinical file: one
agent (MPFF) received a Grade 1A level of evidence for
its effects on venous symptoms, then calcium dobesilate
was graded 2A, escin extracts and HCSE 2B.2° VADs
have also proven effective against lower limb edema
with variable impact.46

In patients with CVI, VADs may be used in conjunc-
tion with open surgery, endovenous procedures includ-
ing stenting, saphenous thermal or chemical ablation,
compression therapy or a combination thereof.7?
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CHAPTER 7

Hemodyvnamic effects of ablation of reflux
in superficial, perforating or deep veins

Introduction

The goal of treatment for valvular incompetence of
superficial, perforating and deep veins in patients with
varicose veins and those with more advanced chronic
venous insufficiency (CVI) is to relieve symptoms by
improving venous hemodynamics. Clinical improve-
ment is frequently accompanied by measurable changes
in ambulatory venous pressure, venous reflux and calf
muscle pump function. These parameters have been
used as surrogate endpoints for efficacy of treatment.

There has been tremendous progress for treating re-
flux in superficial and perforating veins in recent years
with widespread use of minimally invasive therapies
like radiofrequency ablation (RF), endovenous laser
treatment (EVLT) and foam sclerotherapy. And even
more recent, less invasive treatment modalities, the
so-called “Non-Tumescent, Non-Thermal” (NTNT)
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methods have been introduced.! These include such
innovations as mechanic-chemical ablation (MOCA),2
cyanoacrylate adhesive,? and manufactured polidocanol
foam.4>

In addition, conservative surgery such as Muller
Phlebectomy,® CHIVA,7- 8 and ASVAL 9 added a new
perspective for eliminating reflux. A complete analy-
sis of their effect on reflux is presented in Chapter 8 to
which the reader is referred explicitly to avoid useless
overlap.

Surgical correction of deep venous reflux has also
progressed, although an effective, minimally invasive
procedure to correct deep vein valvular incompetence
is still needed.

This chapter will discuss the hemodynamic effects
of abolition of reflux in the superficial, perforating and
deep venous systems using different strategies.

Ablation of superficial reflux

Ablation of reflux in limbs with isolated saphenous vein
reflux

Reports on hemodynamic results after ablation of the
incompetent great saphenous vein (GSV) differ between
patients with isolated superficial vein incompetence and
patients with associated incompetent perforating or in-
competent deep veins.

The RELACS study was a randomized controlled
trial (RCT) in which 185 patients were treated by EVLT
and 161 with high ligation and stripping of the GSV to
just below knee (HLS).10 Venous refilling time (VRT)
was assessed by digital photoplethysmography (PPG).1!
The VRT normalized in 86% after EVLT and in 76%
after HLS at one year and 82% after EVLT and in 71%
after HLS at two years. Ultrasound-detected sapheno-
femoral junction (SFJ) reflux occurred significantly
more frequently after EVLT than after HLS at two years
(17.8% vs. 1.3%; P<0.001).

Two prospective studies evaluated hemodynamic
changes in patients who underwent HLS to the knee
and had an incompetent and untreated below-knee
segment of the GSV (BK-GSV). In the first study,
Blomgren et al.12 reported that reflux in the BK-GSV
resolved in 34% of limbs (17/50) at two months and
44% (22/50) at two years, and that 18% of limbs with a
normal SFJ before operation developed reflux after two
years. Unfortunately, some patients with perforating
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vein incompetence were also included in this study. In
the other study, van Neer et al.!3 reported that reflux in
the BK-GSV increased from 81% before HLS to 84%
at six months and to 91% at two years after surgery.
However, reflux in the posterior calf tributary of the
GSV appeared to lessen at 67%, 64% and 59% for the
same time intervals.

Clinical data suggest that a residual refluxing BK-
GSV leads to increasing symptoms and more severe
signs, with a greater likelihood for residual and recur-
rent varicose veins.!4 This assumption was confirmed
by a RCT comparing surgery and EVLT in 280 patients
with GSV reflux where the clinical recurrence rate at
one year was significantly lower after EVLT than after
surgery (4.0% vs. 20.4%, P<0.001) while 52% (12/23)
of recurrent varicose veins after surgery were related to
an incompetent BK-GSV.15 These results questioned the
widely accepted and practiced principle of stripping the
GSV to the knee level only without some form of fur-
ther treatment to the BK segment.

In a prospective study, 13 patients with great saphe-
nous incompetence were treated with RF ablation.!6
and duplex ultrasound and foot volumetry were used
to measure venous function during follow-up including
the expelled volume (EV), refilling rate and total foot
volume (FV). Saphenous reflux was either eliminated or
reduced after operation and venous function improved
significantly at six months. Expelled volume (EV) in-
creased from 13.6 (range 7.6-26.5) to 16.2 (range 9.7-
28.4) (P=0.05) and expelled volume related to foot vol-
ume decreased from 3.4 (range 1.2-8.2) to 2.5 (range
0.8-4.9) (P=0.019). However, these differences were no
longer significant at one year.

Park et al.!” reported early hemodynamic results us-
ing air-plethysmography (APQG) in patients treated for
isolated superficial reflux in 1756 limbs. Ninety percent
of the limbs were treated with HLS and phlebectomy,
7% with external banding valvuloplasty of the GSV
using Dacron-tailored mesh and phlebectomy and 3%
were treated with RF ablation and phlebectomy. All
hemodynamic variables improved significantly at one
month after surgery: venous volume (VV), venous fill-
ing index (VFI), and residual volume fraction (RVF)
were reduced by 25.2%, 71.5%, and 29.9% respective-
ly, and EF increased by 20.3% (P<0.001). Reduction of
VYV, VFI and RVF was slightly greater in the HLS and
RF groups than in the valvuloplasty group (P<0.001)
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but there was no difference of EF increase among the
three groups. Improvement in the overall venous func-
tion was associated not only with abolition of venous
reflux but also with improved calf muscle pump perfor-
mance.

In addition to surgery and thermal ablation, treat-
ment of incompetent GSVs. with sclerotherapy is also
a good and cost effective treatment option.!8 The ef-
ficacy of foam sclerotherapy has been demonstrated
in several case control studies and RCTs in recent
years.19-28 The VEDICO study?? included 800 patients
treated by different modalities: normal and high dose
liquid sclerotherapy, multiple ligations, stab avul-
sions, foam sclerotherapy and ligation followed by
sclerotherapy. A decrease in AVP (the lowest pressure
reached during exercise) and increase in VRT was sim-
ilar in the different groups at 10 years. This RCT con-
cluded that when correctly performed, all treatments
may be similarly effective although foam sclerother-
apy was more effective than liquid sclerotherapy. In
one RCT comparing foam and liquid sclerotherapy,
the resolution rate for GSV reflux was 69% for foam
versus 27% for liquid at three months (P<0.0001),22
and in another it was 53% versus 12%, respectively at
two years (P<0.0001).23 In RCTs that compared foam
sclerotherapy with surgery and/or thermal ablation,
reflux resolution rates were 94.2% for EVLT, 95.2%
for RF, 83.7% for foam sclerotherapy and 95.2% for
surgery at one year (P<0.001) 25 and 65% for foam and
79% for surgery at two years (P=0.003).26.29 [n anoth-
er report, VRT was measured by PPG in 246 patients
with symptomatic superficial venous reflux treated by
foam sclerotherapy and median VRT improved from
11 sonds to 31 sonds at six months (P<0.0005) while
hemodynamic improvement correlated with symptom
relief.30 Other published results have demonstrated
immediate GSV occlusion in 80-95% of patients after
three injections.29 31-34 Early and mid-term results re-
vealed a recurrence rate of approximately 20% at three
years but repeat sclerotherapy was a simple and effec-
tive treatment for recurrence.35

Ablation of reflux in limbs with superficial and perforat-
ing vein reflux

There is increasing evidence that treating superficial
reflux will have an effect on perforating vein reflux as
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well so that abolition of reflux in the superficial system
may eliminate reflux in perforating veins (PVs.). How-
ever, in one study this was not the case in patients with
associated deep venous reflux.3¢ Two studies showed
that HLS had a profound effect on global lower limb
venous hemodynamics with reduced total venous over-
load of the limb associated with reversed perforating
vein incompetence (IPV). Mendes et al.37 studied 24
limbs with both superficial and perforating vein reflux
and a normal deep venous system and found that 71% of
IPVs. became competent or were absent at three months
after HLS to the knee with phlebectomy. All APG pa-
rameters improved significantly; VFI decreased from
6.0+£2.9 mL/s to 2.2+1.3 mL/s, EF increased from 56%
to 62%, and RVF decreased from 40% to 28% after sur-
gery. In addition, patients with increasing numbers of
IPVs. had higher VFI after surgery. Blomgren et al.12
studied 64 limbs with both superficial and perforating
vein reflux where IPVs. were not treated after HLS in
42 limbs. IPV resolved in 23 (55%) of these limbs at
two months and 25 (60%) at two years. The fraction of
legs without IPVs. in the calf after two years was not
significantly lower in the remainder where IPVs. had
been interrupted.

In the randomized ESCHAR trial, there were signifi-
cantly fewer limbs with residual or newly developed
IPVs. of the calf in patients treated with compression
and HLS compared with those managed by compres-
sion alone (59/115 vs. 44/104, P=0.001; 12/104 vs.
36/131, P=0.003).38 Two other RCTs have shown that
following ablation of superficial incompetence, only
35-40% of IPVs. become normal and that new IPVs.
appear over time.3% 40 Further, some 6-8% of ulcer pa-
tients show only isolated IPVs. as a possible cause for
their ulcers.4!

In summary, surgical correction of superficial reflux
may indeed abolish reflux in many existing and de-
crease the number of new calf [PV's.

Ablation of reflux in limbs with deep venous reflux

There is low quality evidence that ablation of superfi-
cial reflux in limbs with associated segmental deep vein
reflux restores deep vein competence by reducing ve-
nous overload.42-48 It is postulated that segmental deep
vein reflux is associated with drainage into an incompe-
tent GSV through incompetent thigh perforating veins
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and that HLS destroys this pathway so that blood in the
deep veins then stops refluxing at the first competent
valve encountered distally.

Ting et al.4* evaluated 102 limbs with combined su-
perficial and deep vein incompetence (DVI) by APG
after HLS and found that the VFI decreased from
5.99+3.99 mL/s to 1.82+1.21 mL/s, the EF increased
from 48% to 53% and the RVF decreased from 50%
to 36% after surgery. EF improved but did not normal-
ize in this series. The proportion of limbs with DVI on
duplex ultrasound scanning at more than one site de-
creased from 70% to 44% and the mean number of sites
with DVI significantly decreased from 2.14+0.96 to
1.52+1.21 after surgery (P<0.001).

Adam et al.45 studied patients with combined superfi-
cial and segmental deep venous reflux and demonstrat-
ed that HLS corrected deep venous reflux in almost half
of 53 limbs at three months, and in 75% (12/16) of fem-
oral veins compared with 38% (14/37) of below knee
popliteal vein or gastrocnemius veins (P=0.018). Seg-
mental deep venous reflux resolved in 49% (19/39) of
limbs with chronic venous ulceration, and ulcers healed
in 77% (30/39) of the limbs at 12 months. Segmental
deep vein reflux resolved in 47% (14/30) of limbs with
a healed ulcer which included 78% (7/9) of limbs with
femoral vein and 33% (7/21) with below knee popliteal
vein or GSV reflux (P=0.046).

Using venous refill times (VRTs) measured by PPG,
Gohel et al.46 found that HLS abolished deep venous
reflux in 45% of limbs with segmental deep venous
reflux and 18% with axial deep venous reflux. Of 214
legs investigated, 112 were treated with compression
and 102 with compression plus surgery. Saphenous
surgery abolished deep reflux in ten of 22 legs with
segmental deep reflux and three of 17 with total deep
reflux. Overall median (range) VRT increased from
10 (3-48) to 15 (4-48) sonds at one year after surgery
(P<0.001). Preoperative change in VRT after apply-
ing a below-knee tourniquet correlated with change
in VRT following surgery. Limbs with resolved deep
venous reflux showed a greater improvement in VRT
after HLS than limbs with residual deep venous re-
flux.

Dix et al 47 reported 42 limbs with combined super-
ficial and deep vein incompetence all treated by HLS.
Pressure relief indices (PRI) were calculated from am-
bulatory venous pressures (AVP) as an overall assess-
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ment of venous function. Segmental DVI resolved in
11/21 (52%) limbs after HLS compared with 6/21 (29%)
with multisegment reflux, and median PRI improved
from 319 before to 1,300 after operation (P<0.001). The
authors concluded that HLS can improve segmental
DVI and PRI in properly selected patients. These he-
modynamic results favor HLS in limbs with combined
superficial and segmental deep reflux, and deep vein
reconstruction may not need to be considered in these
patients.

In contrast, other authors reported unfavorable results
for abolition of deep venous reflux after HLS. Padberg
et al.,* studied 11 limbs by APG and found that VFI
decreased from 1245 mL/s to 2.7+1 mL/s, EF increased
from 43%=11 to 59%=+13 and the RVF decreased from
56%=15 to 33%=16 one month after HLS, suggesting a
significant reduction in deep reflux and significant im-
provement of calf pump function, but that deep venous
reflux was resolved in only 3 limbs (27%).

Puggioni et al.59 prospectively analyzed 38 lower
limbs, 17 with axial and 21 with segmental deep ve-
nous reflux, to investigate the effects of GSV ablation
on coexisting primary deep axial vein reflux compared
with segmental vein reflux alone. The total number of
incompetent segments was 59 and follow-up ranged
from two weeks to 38 months. The total reflux resolu-
tion rate was about one third (19/59), similar between
extremities with axial reflux and segmental reflux (30%
vs. 36%), but femoral vein reflux was seldom corrected
in extremities with axial reflux compared with those
having segmental reflux.

In a study by Marston et al.,5! significant improve-
ment in VFI was documented after EVLT for 75 limbs
with both deep and superficial venous reflux. Maximal
reflux velocity (MRV) was measured in the poplite-
al and femoral veins and VFI was significantly more
improved if MRV was less than 10 cm/s compared to
limbs with MRV greater than 10 cm/s. In 35 limbs with
deep venous reflux in the common femoral vein (CFV),
the mean VFI decreased significantly from 6.5443.9
mL/s to 2.2+1.9 mL/s, and in 40 limbs with deep ve-
nous reflux in the femoral and/or popliteal veins, VFI
significantly improved from 6.24+3.8 mL/s to 3.3+£3.0
mL (P<0.001). The authors concluded that patients with
deep venous reflux in the femoral and/or popliteal veins
were less likely to completely correct their venous he-
modynamics as measured by VFIL.
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Ablation of reflux in both superficial and perforating
veins

Subfascial endoscopic perforator surgery (SEPS)
greatly enhanced our ability to study clinical and hemo-
dynamic results following perforating vein ablation in
patients with CV].48.52-56

In a randomized study by Tawes et al.,5¢ 51 patients
with C4 class CVI were allocated to two treatment
arms, a SEPS alone group and an HLS group. The SEPS
group had significant improvement in venous refilling
time (VRT) to normal values (34.4+10.3 s vs. 11.8+4.0
s), compared with HLS (19.6+13.8 s vs. 10.8+8.9 s,
P<0.02), and a significant decrease of 65% in AVP mea-
surements in the SEPS group compared with preopera-
tive values, but 33% decrease only in the HLS group.
These results supported the effective use of reflux sur-
gery in advanced CVI. However, patients with deep ve-
nous reflux were mixed in this study and the number
was higher in the SEPS group.

In another prospective study of 53 limbs in 47 pa-
tients who underwent SEPS with concomitant HLS for
advanced primary CVI of whom 64% had active venous
ulcers,*8 venous hemodynamics measured by APG im-
proved significantly after the procedure with postopera-
tive VFI decrease from 8.4+6.3 mL/s to 3.0£3.5 mL/s at
one month and to 2.74+2.6 mL/s at one year; EF increase
from 44% to 49% and to 54% respectively, and RVF
decrease from 48% to 42% and to 35% respectively.
The proportion of limbs with femoral vein incompe-
tence decreased from 68% to 28% at one month and to
32% at one year while the proportion of limbs with DVI
at more than one site also decreased from 42% to 15%
and to 12% respectively. The cumulative ulcer healing
was 85% at three months and 97% at six months. Con-
comitant SEPS and HLS in this study were effective in
reducing deep venous reflux and resulted in hemody-
namic and clinical improvements in patients with ad-
vanced primary CVI.

In a retrospective study by Rhodes ef al.,57 improved
calf muscle pump function was demonstrated by post-
operative strain gauge plethysmography (SGP) within
six months after SEPS when performed together with
HLS in 77% of the limbs. Refill volume (RV) increased
from 0.27+0.06 to 0.64+0.10 mL/100 mL of tissue
(P<0.01); venous incompetence improved as evidenced
by a refill time increase from 7.71£1.20 s to 16.71+£1.98
s after exercise (P<0.001) and a decrease in RV from
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3.2340.19 to 2.63+0.15 mL/100 mL tissue after passive
drainage (P<0.01). It should be noted that perforating
vein incompetence was defined as outward flow longer
than 0.3 sonds in duration and deep and superficial re-
flux was defined as retrograde flow for more than 1.0
sonds in this study.54

Ablation of deep venous reflux

Valve reconstructive surgery can involve internal val-
vuloplasty, external valvuloplasty, external valve band-
ing, transposition of the vein, axillary/brachial vein
transplantation and creation of neovalve (Maleti tech-
nique)8 or non-autologous artificial venous valves.

There are two randomized studies comparing deep
vein reconstructive surgery to HLS. Belcaro et al. re-
ported 22 patients treated with external valvuloplasty of
the femoral vein using limited anterior plication (LAP)
technique (LAP group), compared with HSL in another
22 patients. At 10 years, AVP was significantly lower
(52+2 mmHg vs. 62+5 mmHg for HLS group, 45+6
mmHg vs. 616 mmHg for LAP group, P<0.05), and RT
was longer (13+5 s vs. 1145 s for HLS group, and 1743 s
vs. 1144 s for LAP group, P<0.05). Both values of AVP
and RT in the LAP group were significantly better than
those in the HLS group. There was no femoral vein in-
competence in limbs in the LAP group as indicated by
duplex ultrasound while all limbs in the HLS group still
had the same level of femoral incompetence. The authors
suggested that LAP is an effective alternative to external
valvuloplasty in selected patients with moderate deep
venous insufficiency, functional cusps, or insufficiency
mainly due to relative enlargement of the femoral vein.

Another study compared HLS to HLS plus external
transcommissural valvuloplasty (study group) in limbs
with reflux in both the GSV and femoral veins.®° During
a follow-up of seven to eight years for an available 125
patients, corrected valves remained competent in 71%
(45/63). Reflux had reappeared in 19% (12/63) at two
to four years after operation in the study group; whereas
53% (33/62) had increased reflux and 47% remained the
same in the control group. Clinical deterioration was as-
sociated with increased reflux over time rather than with
reappearance of reflux after valvuloplasty. Deep axial
or segmental venous reflux was not well documented in
the above mentioned studies.

In retrospective studies, AVP was reported to de-
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crease by 15-81% after reconstructive surgery or dur-
ing follow-up of 5-10 years, and 52-77% of repaired
valves remained competent.6!-04 Of these studies, only
Rosales et al.%4 included patients with primary CVI only
and others had results mixed with a small number of
patients with the postthrombotic syndrome (PTS). In
Rosales’ study,®* external transcommissural valvulo-
plasty was performed on 17 patients (C4: n=6, Cs: n=4,
Cq: n=7) with deep reflux and high level of AVP. AVP
reduction was greatest in C, patients after operation
with a median of 35 mmHg (0 — 65 mmHg), and was
maintained through the median follow-up of five years
or until the valve became incompetent. However, the
results did not reach statistical significance because of
the small sample size.

In Masuda’s study,¢! as five of 18 normal AVP values
were also found in patients with poor clinical results,
they stated that AVP could not be reliable to predict the
clinical state. VRT was reported to increase by 50% af-
ter operation in this study.

Raju et al.%3 reported a 100% normalized VRT and
significantly decreased VFI after operation (3.1+2.4
mL/s vs. 4.1£2.8 mL/s), and the cumulative competen-
cy rates of 140 repaired sites were 84% at 12 months,
72% at 24 months, and 59% at 30 months.

In an Australian study of 36 limbs with primary CVI,
125 valves in femoral and popliteal veins were repaired
using Venocuff I stents.5 The 90% recovery time mea-
sured by infrared photoplethysmography (PPG) in-
creased from 6.7 s preoperatively to 12.4 s at 36 months
which persisted in the long term, but AVP reduction was
only significant at 12 months. The ulcer healing rate was
80% at 36 months, and the number of stents implanted
was statistically associated with an increased number of
ulcers healing in multivariable analysis.

McDaniel et al.¢¢ suggested that venous reconstruc-
tion might be considered in patients with DVI and VFI
greater than 4 mL/s as they have a 43% chance of recur-
rent ulceration at one year and of 60% at two years, but
if patients have a VFI less than 4 mL/s, deep venous
reflux is probably less severe and these patients may not
benefit from venous reconstruction.

Respecting reflux in compensating collateral veins

In order to avoid serious consequences in the venous
circulation, care should be taken to detect compensat-
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ing flow in collateral veins that bypass an obstruction,
as happens after or associated with temporary or persis-
tent compression. Reflux is generally systolic during calf
muscle contraction or systo-diastolic lasting also into calf
muscle relaxation if a superficial incompetence is asso-
ciated with deep venous obstruction. Any surgical inter-
vention on this situation must be preceded by thorough
hemodynamic evaluation. Typical examples are GSV
systolic reflux with iliofemoral thrombosis (equivalent
to a spontaneous Palma-Dale anastomosis), SSV systolic
reflux with femoral occlusion or compression, and reflux
in the marginal vein which is a truncular malformation in
the Klippel-Trenaunay-Servelle Syndrome (KTS).

Hemodynamic measurements as surrogate
endpoints for treatment efficacy

Ambulatory venous pressure

AVP measurement is traditionally considered to be
the gold standard for global evaluation of venous func-
tion of the lower extremity. The AVP reduction fraction
represents calf muscle pump function and is indepen-
dent of the existence or site of valve incompetence.
Decrease in AVP by at least 15% or 10 mmHg post-
procedure compared with a preoperative baseline value
suggests that treatment has been effective.

Venous reflux

Guidelines 2.3.0 of the Society for Vascular Surgery
and American Venous Forum ¢7 regarding duplex ultra-
sound scanning for chronic venous disease and valvular
incompetence defines the cut-off value for venous reflux
as 0.5 sonds. Post-procedural normalized venous reflux
time, resolution of reflux and no newly developed venous
incompetence suggest that treatment has been effective.
However, a definition of reflux using flow direction and
its duration in sonds is not able to “catch” the pathophysi-
ological condition in all cases. Indeed after CHIVA, reflux
in the GSV is directed downwards in the same way as
the pathological flow and draining flow in saphenous arch
tributaries has the same downward direction as pathologi-
cal pelvic reflux. In these cases, the difference is in the
pressure gradient and whether or not reflux has a positive
Valsalva maneuver.68. ¢ An important suggestion comes
from the Reflux Elimination Test (RET) which is reaction
to compression of the incompetent tributary.”. 70
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A competitive reflux is a situation where superficial
and deep reflux mask each other. As a practical sugges-
tion, a very wide apparently non refluxing popliteal vein
can be rendered incompetent and refluxing if the super-
ficial veins are blocked with a rubber tourniquet.” 7!

The venous filling index (VFI) of APG has been vali-
dated as a global index of reflux

using simultaneous measurements with duplex ultra-
sound, taken from a position of elevation to

dependency.’? Studies have shown that it provides
a graduated and quantitative improvement with treat-
ments directed against reflux.2? Furthermore, patients
whose VFI does not respond fully to treatment against
reflux have worse clinical symptoms.’3

Calf muscle pump function

Among the available plethysmographic methods
which include SPG, DPPG and APG, calf muscle pump
function seems to be best quantified with APG. Com-
pared with preoperative measurements, post-procedural
reduction in VV by 25%, in VFI by at least 50%, in RVF
by 15-30% or an increase in VFT by at least 50% sug-
gests hemodynamic effective treatment. Patients with a
VFI greater than 4 mL/s tend to develop recurrent ulcers
so that venous reconstruction may be required. In con-
trast, patients with a VFI less than 4 mL/s are not likely
to develop ulcers.
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CHAPTER 8

Hemodynamic changes after CHIVA,
ASVAL and Hook Phlebectomy

PART 1. CHIVA
The principles of CHIVA

CHIVA is an acronym for “Cure Conservatrice et He-
modynamique de I’Insuffisance Veineuse en Ambula-
toire” (hemodynamic correction of venous insufficiency
in outpatients).!-> The rationale of this strategy is based
on restoring drainage of flow from the most superficial
to deepest venous networks of the lower limb with spar-
ing of the main saphenous trunks.5

According to a 2006 UIP consensus on lower limb
venous anatomy, three different compartments are rec-
ognized based on their relationship to the muscular fas-
cia.0. 7 Venous network N3 is superficial to the fascia
and is represented by saphenous tributaries surrounded
by subcutaneous fat.” Venous network N2 consists of
the great saphenous vein (GSV), small saphenous vein
(SSV), anterior accessory saphenous vein (AASV) and
Giacomini vein which lay inside a fascial layer that
splits in two, wrapping the N2 veins like a natural elas-
tic stocking.® Venous network NI includes the deep
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veins (common femoral, femoral, popliteal, soleal, gas-
trocnemial, and tibial) located deep to the deep fascia
and surrounded by muscles.?

Normal blood flow is from the most distal lower ex-
tremity toward the heart and from the most superficial
(N3) toward the deepest compartments (N2 and then
N1).10 All three networks are connected by perforating
veins, physiologically draining from N3 to N2 then to
N1. 2-8 The CHIVA theory considers that flow is patho-
logical whenever there is subversion of the hierarchical
order of venous network emptying.3 In this pathological
scenario, an Escape Point is defined as an anatomical
location where venous reflux occurs that drains blood
from a deeper to a more superficial compartment. For
example, in the case of an incompetent sapheno-femo-
ral terminal valve, the Escape Point is the sapheno-fem-
oral junction (SFJ) since venous drainage flows from
the deeper N1 compartment (the common femoral vein)
towards the most superficial N2 network (the GSV).

Flow occurs only in the presence of a pressure gra-
dient.!! A fundamental CHIVA principle is that patho-
logical reflux through a vein from the deep to superficial
compartment is always associated with a re-entry per-
forating vein or Re-entry Point.2- 5 draining back into
the deepest compartments. For example, in the previous
case of an incompetent SFJ with a refluxing GSV (path-
ological flow from N1 toward N2), the re-entry points
are perforating veins that connect the GSV to the deep
(N1) network and drain refluxing blood back towards
the deep compartment.

In a different refluxing pattern, a perforating vein can
represent an escape point if it drains from a deeper to-
ward a more superficial compartment. A typical exam-
ple is an incompetent mid-thigh (Hunterian) perforating
vein that allows reflux from the femoral vein towards
the GSV. Another perforating vein must be expected
along the affected network representing the re-entry
point draining blood back into the deeper compartment.

A venous tract that is included between the escape
and re-entry points is defined as a Shunt.

The entire system of pathology can be considered
as a re-circulation circuit. Duplex techiques using two
simultaneous probes at different locations are able to
confirm its presence.!? Quantification is possible by
measuring the volume displacements within the great
saphenous vein using a re-circuation index.!3 This
anomalous venous drainage can produce three different
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Femoral V.
N1

Figure 8.1.—A Closed shunt.

GSV
N2

reflux patterns: the so called Closed Shunt, Open Shunt
and Bypassing Shunt.2 5

A Closed Shunt derives its name from creation of a
“closed” circuit (Figure. 8.1). A typical example is an
incompetent SFJ (escape point from N1 to N2) with a
refluxing GSV draining towards a re-entry point that is
represented by a perforating vein flowing from the GSV
back to the deeper N1 compartment during muscle re-
laxation. Blood that re-enters through this perforating
vein is pushed up toward the heart during muscular sys-
tole. Nevertheless, a proportion of this blood passing
by the incompetent SFJ (escape point) will be patho-
logically deviated again toward the more superficial
N2 (GSV) compartment so establishing a closed circuit
further increasing venous pressure into the shunt. Ac-
cording to the CHIVA therapeutic strategy, it is man-
datory to break this vicious circle at the escape point
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Figure 8.2.—An open shunt.

in order to decrease pathological venous hypertension
inside the shunt. In the example above, a high ligation
will effectively treat the escape point and thus suppress
the venous pressure overload.

An Open Shunt is not associated with recirculation
but instead with a deviated drainage pattern that leads
to a venous pressure increase in the vessel that is over-
loaded by blood coming from a deeper compartment
(Figure 8.2). An example is a competent SFJ with reflux
in an incompetent GSV mid-leg tributary passing to a
re-entry perforating vein along the same tract to drain
directly into the deepest compartment (N1). In this case,
the escape point is represented by the compartment jump
from the GSV (N2) to the incompetent tributary (N3).
Blood that refluxes along the incompetent tributary dur-
ing muscle relaxation gets back to the deeper compart-
ment N1 by the Re-entry perforating vein. During mus-
cular systole, blood will flow along the N1 compartment
without jumping into the N2 compartment (GSV) at a
higher level due to competence of the SFJ. In this case,
there is no recirculation so that the shunt is defined as
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GSV
N2

Femoral V.
N1

Figure 8.3.—A by-passing shunt.

being “open”. In this scenario, CHIVA strategy aims to
decrease shunt venous pressure and stop pathological
compartment jump at the escape point by flush ligation
of the incompetent tributary. This will stop N2-N3 reflux
allowing the same tributary to drain through its own re-
entry perforating vein directly into the N1 compartment.

A By-passing Shunt directs flow around an obstruc-
tion (Figure 8.3). For example, in the presence of a
proximal thigh femoral vein occlusion by thrombus,
a perforating vein connecting the femoral vein to the
GSV can reverse its drainage direction to allow flow
from the deeper N1 toward the more superficial N2 net-
work. If GSV valves are competent, this shunted blood
drains in a cardiopetal direction bypassing the femoral
obstruction finding its re-entry point at the SFJ. It is evi-
dent that a by-passing shunt is a natural defence against
venous hypertension and in the above scenario, there is
no indication for intervention, treatment being with ap-

319



LEE
~
N3
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Figure 8.4.—Normal physiological direction of flow and flow direction
in Type I-11I shunts.

propriate elastic stocking compression, anticoagulation
if appropriate and accurate sonographic follow-up.

Within the closed, open and by-passing patterns,
CHIVA identifies different types of refluxing networks
according to localization of both the escape and re-en-
try points. The three most frequent networks are named
type I, II and III shunts (Figure 8.4).2.5 The shunt type
classification also includes a further three kinds of com-
partment jumps, but being rarer both their hemodynam-
ic and strategic correction descriptions are left to more
specialised textbooks.2

In type I shunt, the escape point is from N1 (deep ve-
nous system) to N2 (saphenous system) and the re-entry
point from N2 (saphenous system) to N1 (femoral sys-
tem). In type II shunt, the reflux pattern is more super-
ficial with an escape point from N2 (saphenous system)
to N3 (tributary system) and the re-entry point from N3
(tributary system) to N1 (femoral system) or to N2 (sa-
phenous system). In type I1I shunt, there are two escape
points, one from N1 (deep system) to N2 (saphenous
system) and another from N2 (saphenous system) to N3
(tributary system) while the re-entry point is focused on
N3 (tributary system).

In relation to therapeutic strategies, a fundamental
principle is to preserve a re-entry perforating vein fo-
cused along N2. In fact, N1-N2 escape point treatment
is possible only when a re-entry perforating vein is situ-
ated along N2 for otherwise there is no energetic gradi-
ent to move blood inside the N2 network leading to a
risk of stasis and thrombosis.2 5. 11 For example, in a
type I shunt with an incompetent SFJ, N1 to N2 escape
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N 1 N2 N 1 N2 N 1 N2
CHIVA 1 CHIVA 2-first step CHIVA 2-second step
(N3 to N2 to N1) (N3 to N2 to N1) (equal to CHIVA 1)

(N3 to N2 to N1)
Figure 8.5.—CHIVA 1 and CHIVA 2 (first and sond steps).

point treatment by high ligation is feasible because of
a re-entry perforating vein that is focused along the N2
trunk draining blood back towards N1.

The CHIVA strategy is to perform minimally invasive
flush ligations with high ties to restore the physiological
order of emptying from the most superficial to deepest
venous networks. There are two main procedural op-
tions depending on the shunt type, the so called CHIVA
1 or CHIVA 2 procedures (Figure 8.5).2-4

CHIVA 1 interrupts flow from the N1 to N2 compart-
ments maintaining the re-entry perforating vein along
the saphenous trunk while incompetent N3 tributaries
can be flush ligated if they are present during the same
procedure. The CHIVA 2 procedure is the correct strat-
egy if there are no re-entry perforating veins along the
N2 network and this is performed in two surgical steps.
In the CHIVA 2 first step, a simple flush ligation of in-
competent collaterals is performed so as to treat N2-N3
escape points preserving re-entry points draining from
N3 to N1 (type II shunt). However, if there is a concom-
itant N1-N2 escape point (i.e. type III shunt), after this
first step then pathological saphenous reflux will persist
until a previously inefficient perforating vein situated
on N2 enlarges to reach an adequate calibre to effective-
ly drain flow so as to form a closed shunt between N1
and N2 networks, transforming a type 3 shunt to a type
1 shunt. This then allows the sond step of the CHIVA
2 procedure which simply corresponds to a CHIVA 1
procedure (N1-N2 escape point treatment).

Figure 8.6 provides a flow chart for the most com-
mon shunt types and consequent indications for differ-
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Figure 8.6.—Flow-chart for the most common shunt types and conse-
quent indications for different strategies.

ent strategies.

Hemodynamic changes after CHIVA
using CHIVA terminology

As indicated above, CHIVA aims to spare the GSV
but maintain a flow once reflux points are controlled.
Flow direction in the GSV is downward in the CHIVA 1
procedure from the disconnected GSV junction to a re-
entry perforating vein with outlet located on the trunk.3.
4,14 By contrast, flow direction is upward in the CHIVA
2 procedure.!5-18

While reports and controlled studies on clinical re-
sults of CHIVA reached a good level of evidence, re-
ports on CHIVA rarely assessed hemodynamic chang-
es induced by the procedure. However, some data are
available and constitute extremely interesting models of
both venous hemodynamics and pathophysiology.

This stion summarizes available hemodynamic re-
sults after CHIVA 1 and CHIVA 2 procedures in accor-
dance with validated methods for assessment.
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Changes in flow direction

After performing CHIVA 1 with interruption of the
escape point, the GSV remains in situ. The postopera-
tive flow will be as follows. If the escape point were N1
(deep vein) to N2 (GSV) through the SFJ, the CHIVA
strategy would be to close the SFJ resulting in down-
ward flow in the GSV from tributaries which would
drain through the next perforating vein (see Figure.
8.5 left). If the escape point were N1 (deep vein) to N2
(GSV) via a perforating vein (e.g. at the thigh) and N2
(GSV) to N3 (tributary), the CHIVA strategy would be
to close the perforating vein and the origin of the reflux-
ing tributary and flow in the GSV would then be ortho-
grade from foot to groin.

After performing CHIVA 2 with interruption of one
or more tributaries by flush ligation, two possible re-
sults may be seen. In the first instance, the GSV would
have orthograde flow with no valve incompetence and
this is more probable with a small diameter GSV or
competent terminal valve prior to surgery. In the sond
instance, a tributary will drain reflux or a perforating
vein will open and either will recirculate flow from the
GSV to deep veins. In this case, CHIVA 1 procedure
will then be needed (see Figure. 8.5. middle and right).

Measurement of phlebologic parameters were per-
formed three months and three years after CHIVA in-
tervention pooling CHIVA 1 and CHIVA 2 procedures
with the following results, all significant when com-
pared to preoperative values:

Reduced common femoral vein diameter after three
months and further reduction after three years,

Reduced GSV diameter at the proximal thigh to nor-
mal diameter values after three months and further re-
duction after three years.

Increase of PPG refilling time at each interval.

Ambulatory venous pressure (AVP)
AVP after CHIVA 1 procedure

There is only one study that assessed AVP following
CHIVA 1 procedures!® and no studies following CHIVA
2. In this study, 73 patients underwent AVP measure-
ments before and six months after CHIVA 1 which
consisted of SF disconnection plus flush ligation of
tributaries at the saphenous trunk sometimes comple-
mented by multiple stab avulsions. The preoperative
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mean AVP 50.13 + 6.56 mmHg was reduced to 28.82 +
7.14 mmHg at six months after the operation (p<0.001).
(Figure. 8.7)

Light reflection rheography (LRR) after CHIVA 1 pro-
cedure

The same group of 73 patients underwent LRR evalu-
ation before and six months after CHIVA 1.19 The mean
preoperative refilling time increased from 10.12+2.6
sonds to 19.80+4.91 sonds (p<0.001) at six months af-
ter operation.

Air plethysmography (APG) after CHIVA 1 procedure

In a RCT, 47 patients with leg venous leg ulcers due
to primary varicose veins were randomised to either
CHIVA 1 or compression.> Healing was 100% (31 days)
in the CHIVA group and 96% (63 days) in the compres-
sion group while recurrence at three years was 9% in
the CHIVA group and 38% in the compression group.
APG parameters were assessed in the surgical group at
the time of randomization and repeated six months and
three years later (Table 8.1). All four parameters except
ejection fraction, significantly improved at six months
after operation. However, after three years, only residual
volume fraction (RVF) was found to be consistently cor-
rected and significantly improved. However, this is the
most important parameter since it correlates with AVP
and represents the net volume of blood that remains in
the leg veins after exercise.20 Interestingly, RVF returned
to pathological values only if SF reflux recurred.

In a subsequent study APG was used to evaluate
venous function in patients in CEAP clinical class C6
at baseline and six months after surgery. In this study
the procedure was CHIVA 1 in about 80% of patients
while the remainder had the first step of the CHIVA 2
procedure. The APG parameters are shown in Table 8.2
where a highly significant improvement is apparent.!>

APG after CHIVA 2 procedures

A randomised study was performed that involved
40 limbs in 40 patients with incompetent SFJ, reflux
in the main GSV trunk, one or more re-entry perfo-
rating veins on tributary veins and competent deep
veins and small saphenous veins.15 The clinical class
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Figure 8.7.—Example of AVP after 10 tiptoe movements before and six
months after CHIVA 1 operation.

TABLE 8.1.—Pre and postoperative APG parameters assessed in
the surgical group.

APG assessment TV VFI EF RVF
Preoperative 170+ 54.6 6.7+3.4 48+12.5 40+15.7
6 m. after surgery 134+44.1 3.0+£0.51 57.0+18.1 29+15.1

(-25%)* (-44%)* (-31%)*
3y. after surgery 141 +42.5 535+2.03 54.0+14.3 225+ 14.7
(-16%) (-5.92%) (+12%) (-35%)

*Postoperative parameters significantly different as compared with preop-
erative assessment (p<0.001).

TABLE 8.2.—Effect of CHIVA 1 and CHIVA 2 (first step) on APG
measurements.
APG assessment

VV mL/air VFI mL/s

170+ 54.6 6.7+3.4

134 +44.1% 3.0+£0.51*
(-25%)  (-44%)

EF% of VV' RVF% of VV

48+12.5 40+15.7

57.0+18.1 29+ 15.1%
(-31%)

Preoperative
6 months post-op

APG, Air-plethysmography, VV, total venous volume; VFI, venous filling index; EF,
ejection fraction; RVF, residual volume fraction. Preoperative and 6 months post-
operative APG parameters expressed as mean+SD. In parenthesis are reported the rate
of postoperative variations. *Postoperative parameters significantly different compared
with preoperative assessment (P<0.001).

of patients ranged from C, to C, (25 with C,, 7 with
C;, 4 with C,, 2 with C5 and 2 with C¢). The APG was
used to assess changes in venous function comparing
CHIVA (CHIVA 1 and CHIVA 1 +2) to compression
in patients with ulcers. With the exception of ejec-
tion fraction (EF) all APG hemodynamic parameters
improved significantly at six months. Venous volume
(VV) decreased from 150 mL (95% CI 133 to 167)
to 119 mL (95% CI 107 to 133), venous filling index
(VFI) decreased from 5.0 mL/s (95% CI 5.0 to 5.9)
to 2.0 mL/s (95% CI 2.0 to 2.7) and residual volume
fraction (RVF) changed from 42% (95% CI 36 to 47)
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Figure. 8.8.—A) VFI changes after 1st step CHIVA 2 procedure. B) RVF changes after 1st step CHIVA 2 procedure. (From Eur. J. Vasc. Endovasc.

Surg. 2001)15

to 30% (95% CI 26 to 34) (Figure 8.8). The improve-
ment of VFI (Figure 8.8a) and RVF (Figure 8.8b),
demonstrated that reflux in the GSV was completely
suppressed by disconnecting the tributary containing
the re-entry perforating vein or by just eliminating the
gradient between the reflux point (i.e. the SFJ) and the
re-entry point.

Reflux in the GSV did recur at six months in 15% of
patients and this was due to a newly developed re-entry
perforating vein on the main GSV trunk. The Figure
shows the minimal non-significant worsening of APG
parameters by comparing one and six month results.
With time, a higher rate of reflux recurrence is expected
with consequent worsening of APG parameters in some
patients but this would then be corrected by performing
high ligation (CHIVA 1+2 procedure).3: 14. 16

Duplex ultrasound scanning

Duplex ultrasound scanning after CHIVA 1 proce-
dures

One of the most debated points of the CHIVA 1 proce-
dure is the persistence of downward flow with re-entry
at the perforating vein after high ligation. Several in-
vestigators consider this to constitute reflux.2!.22 How-
ever, a duplex ultrasound investigation after CHIVA 1
procedures demonstrated significantly different hemo-
dynamic parameters of this reverse flow to preopera-
tive findings.2?> The GSV cross stional area decreased
from 49.0£36.2 to 14.1+10.1 mm? indicating reduced
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volume load. Peak systolic velocity (PSV) changed in
direction pre -20.31+18.21 to post 18.46+6.03 cm/s
which is the expected natural consequence of high
tie CHIVA 1. End diastolic velocity (EDV) changed
from pre 30.74+32.0 to post 10.6+5.1. Finally the resis-
tance index (RI) as an impedance parameter derived
from the formula RI=PSV/PSV-EDV was significantly
different: pre 3.50+2.22, post 0.44+0.15 (p=0.0001).
The findings that reverse flow significantly improved
venous drainage correlated with improved functional
parameters like AVP and APG findings previously de-
scribed.

Duplex ultrasound scanning after CHIVA 2 proce-
dures

Several studies report recovery of upward flow in the
GSV after the first step of the CHIVA 2 procedure.!517 A
major point for discussion is the durability of such a he-
modynamic change.!” It has recently been demonstrated
that this depends on the preoperative competence of the
terminal valve at the SFJ so that a preoperative duplex
ultrasound scan may predict the durability of reflux
suppression following a CHIVA 2 procedure.!8 At three
year follow up of legs with a competent terminal valve,
100% were rated as cured (Hobbs’ class A or B) and
14% developed recurrent varices. Patients with an in-
competent terminal valve had significantly worse results
in that 29% had Hobbs’ class A or B and 82% developed
recurrence (P<0-001). This finding demonstrates how
preoperative duplex ultrasound may provide a reliable
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indication for minimally invasive sparing of saphenous
vein surgery.

PART 2. ASVAL
The principles of ASVAL

The ASVAL method 24 (Ablation Sélective des Vari-
ces sous Anesthésie Locale) or Ambulatory Selective
Varices Ablation under Local anesthesia is based on
the concept of the ascending or multifocal evolution of
the varicose vein disease. Numerous publications based
on precise and detailed duplex ultrasound investiga-
tions,25-29 biochemical, histological and morphological
studies 30-32 challenge the theory of descending disease
progression, highlighting the possibility for local or
multifocal early distal evolution of the disease, some-
times ascending or antegrade. The fact that the terminal
valve of the SFJ is frequently competent (in >50% of
cases) in the presence of truncal reflux has been clearly
documented.28.33-35 Thus, Labropoulos and al. conclude
that venous wall remodeling may appear in any venous
segment irrespective of the quality of its valves.3¢

In addition to the ascending pathophysiological con-
cept, the ASVAL method considers that progression of
the disease starts in the surprafascial tributaries, which
are the most superficial, the most exposed veins out-
side the saphenous compartment and whose walls are
the thinnest. Venous dilatation begins on the suprafas-
cial tributaries distally, where the hydrostatic pressure is
higher, creating a dilated and refluxing venous network
called “varicose reservoir (VR)” within the suprafas-
cial space.?’.37.38 When this refluxing network becomes
large enough, it can create a “filling” effect in the saphe-
nous vein, leading to decompensation of the saphenous
vein wall, reaching progressively the SFJ or SPJ. The
saphenous vein is the superficial vein with the thick-
est and most muscular wall, protected by the saphenous
compartment of the subcutaneous fascia in which it is
contained. As such, it would be the last vein to expe-
rience decompensation as varicose disease progresses.
According to this hypothesis, valvular insufficiency is
caused by the dilatation of the vein.

The goal of the ASVAL method is to decrease or elim-
inate the saphenous vein reflux by minimizing VR using
ambulatory phlebectomy described by Robert Muller 39
or sclerotherapy. Pre-operative ultrasound assessment
has enhanced the precision for phlebectomy.!. 40-44
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Hemodynamic changes after ASVAL
using conventional terminology

Treatment of reflux in GSV or SSV by ASVAL, con-
sists of elimination of all dilated superficial varicose
tributaries by phlebectomy or sclerotherapy from their
uppermost connection to the saphenous trunk down to
their most distal point (Figure 8.9). Following such a
procedure reflux in the GSV disappears 1524 and GSV
diameter becomes reduced.4S Quill and Fegan also
found such reversibility of the saphenous reflux follow-
ing sclerotherapy.46

After ablation of the superficial incompetent venous
network, saphenous vein will empty upwards through
the junction during the systolic phase of walking and if
the ablation of the VR includes prevalent connections
between saphenous vein and VR, no retrograde saphe-
nous flow will be possible during diastole, even in the
presence of incompetent valves in the saphenous trunk.
Reflux is no longer elicited through duplex ultrasound
with the compression/release or Valsalva manoeuvres.

Prior to varicose tributary avulsion, this venous re-
flux pattern is typically elicited during ultrasound ex-
amination using the “Test of Reversibility (TR)”.15
Finger compression of the uppermost varicose tributary
connected to the refluxing saphenous vein can abolish
saphenous reflux at the ultrasound examination 5 (Fig-
ure 8.10).4 The TR has been reported positive in 56% of
limbs with GSV varicose veins with a 96% positive pre-
dictive value for the abolition of the GSV reflux, which
remained high 94.7% at 1 and 2 years of follow-up.47

A prediction model giving a score that correlates with
aprobability of restoring GSV competence has also been
suggested.4® This model includes CEAP classification,
number of refluxing segments, GSV diameter proximal
to the tributary, and reflux elimination test result.

The disappearance of saphenous reflux shown by ul-
trasound after ASVAL could last for months or years !> 2
24,37 but may recur at late follow-up. This happens when
small tributaries dilate creating a new VR. Then saphe-
nous vein will dilate again leading to a reflux which
could be characterized by a low volume reflux (Figure
8.11 left) in the early recurrence period, then by a higher
volume reflux as the dilatation of the saphenous vein
increases (Figure 8.11 right). In the presence of a pro-
longed and high volume saphenous reflux, the evolution
of a recurrent varicose vein can be quicker.

In Pittaluga’s series,3’ after 303 phlebectomies in
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Figure 8.9.—Abolition of reflux after phlebectomy.

221 patients, GSV reflux was totally abolished after
6 months. It was abolished in 70%, 69%, 69%, 68%,
and 66% of limbs at 1, 2, 3 and 4 years respectively.
Symptoms improved or disappeared in 84%, 84%, 83%,
81%, and 78% of limbs at each annual check-up un-
til the fourth year. There was freedom from recurrence
of varices in 96%, 95%, 92%, and 89% respectively at
these intervals while GSV diameter at the saphenous
confluence significantly decreased in 243 limbs after
six months (5.87+0.23 mm vs. 7.87+0.25 mm preopera-
tively; P=0.0001).

In another prospective study by Biemans et al4® in-
volving 94 patients with large varicose tributaries and
GSV reflux assessed by duplex, single phlebectomies
led to abolition of the GSV reflux in 50% of the cases,
with a significant reduction of the GSV diameter and a
significant improvement of the AVVQ score in all cases.
Even in cases in which GSV reflux was not abolished af-
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Figure 8.10.—Test of reflux reversibility.
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Figure 8.11.—Low volume reflux (left) during early recurrence and high
volume reflux (right) at a later stage when the varicose reservoir is increased.
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Figure 8.12.—Reflux in GSV in the presence of a competent terminal
valve.

ter single phlebectomy, the reduction of the peak velocity
combined with the decrease of the GSV diameter led to
a reduction of the volume of the reflux.24 The conclusion
was that beyond the threshold of 0.5 s defining a patho-
logical reflux, the volume of the reflux could explain the
clinical consequences. The effect of single phlebectomy
on the volume of GSV reflux might explain the absence
of clinical consequences in the majority of the persistent
or recurrent GSV refluxes after ASVAL.37.48.49

Some studies have highlighted that many limbs with
GSV reflux have SFJ incompetence associated with re-
entry perforating veins along one or more incompetent
tributaries.2 4 Other studies have indicated that a com-
petent SFJ terminal valve is very common and is seen in
up to 59% of limbs with GSV incompetence.® In these
patients, GSV reverse flow may be associated with pel-
vic vein reflux, an incompetent pre-terminal valve of the
SFEJ or of other saphenous valves with tributary drainage
within the GSV trunk or perforating veins (Figure §.12).
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In such cases treatment focused on the pelvic veins and
the VR may abolish saphenous reflux.

Similarly, re-entry perforating veins may be con-
nected to the saphenous trunk, with or without further
re-entry perforating veins along incompetent tributar-
ies.2 In this situation, the reversibility test is negative
because excluding refluxing tributaries alone does not
abolish GSV reflux entirely. Although reduced, reflux
persists because trunk retrograde flow directly emp-
ties into deep veins through perforating veins.2 In this
situation, treatment focused on the VR will improve sa-
phenous reflux and usually no other additional surgical
procedure is necessary.

In Cappelli’s series, 55% of limbs with GSV reflux
had an incompetent terminal valve while the latter was
competent in the remaining 45%.50: 51 Thus, terminal
valve incompetence is not necessary for the develop-
ment of superficial vein reflux.

The importance of the terminal valve is controversial.
Zamboni demonstrated a clear difference in mid-term
follow-up outcomes according to terminal valve compe-
tence or incompetence.!8 After the first step of CHIVA
2, the incidence of recurrence of reflux determined by
ultrasound was significantly higher in patients with ter-
minal valve incompetence (82% vs. 14%). Furthermore,
terminal valve competence is associated with a mid-
thigh GSV diameter which is usually less than 6 mm,50.
51 and this is likely to influence the amount of reflux and
results after single phlebectomy. Conversely other stud-
ies reported that the status of the terminal valve had no
influence on the evolution of the saphenous reflux after
ASVAL 24.37 and was not the main criterion to decide to
spare the GSV.52

ParT 3. HOOK PHLEBECTOMY

Hemodynamic changes after hook
phlebectomy as interpreted by the “CHIVA”
school and using CHIVA terminology

As indicated in Part 2, hook phlebectomy is avulsion
of supra-fascial varicose veins as popularized by Robert
Muller in the 1960s39 using hooks under local anesthe-
sia. Pre-operative ultrasound assessment has enhanced
precision for hook phlebectomy (HP).1. 40-44,53-60

Elimination of dilated superficial varicose tributar-
ies by phlebectomy usually involves varices from their
uppermost connection to the saphenous stem down to
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re-entry points. When the whole VR is removed, hook
phlebectomy may be considered an analogue to ASVAL
method?4 (see definition of ASVAL in Part 2) or the first
step of CHIVA 2.1 They all interrupt part of the shunt
pathway. As a consequence, the hemodynamic changes
that may occur depend on the pre-phlebectomy type of
saphenous shunt.

If the saphenous shunt includes one or more promi-
nent re-entry points located only within the varicose
network and not within the saphenous stem, then aboli-
tion of saphenous reflux is to be expected after hook
phlebectomy (Figure 8.9). However, if a re-entry per-
forating vein is connected to the saphenous stem then
some saphenous reflux may persist and diameter reduc-
tion is expected to be less.

After hook phlebectomy, the saphenous vein will
empty upwards through the junction and proximal per-
forating veins during the systolic phase of walking and
if the excised varicosities were associated with the prev-
alent re-entry points then no retrograde saphenous flow
will be possible during diastole, even in the presence of
incompetent valves in the saphenous stem. Reflux is no
longer elicited through duplex ultrasound with the com-
pression/release or Valsalva manoeuvres.

This specific venous shunt pattern is typically elicited
during ultrasound examination which can involve the
RET prior to varicose tributary avulsion.!5 Finger com-
pression of the uppermost varicose tributary connected
to the refluxing saphenous vein can abolish saphenous
reflux at the ultrasound examination if a re-entry point
is not from the saphenous stem and may exhibit a posi-
tive RET (Figure. 8.10).4 A positive RET is present in
more than 50% of limbs with GSV varicose veins.

The same result can be obtained by a bandage used
to compress the varicose tract or alternatively by sclero-
therapy of the varicosities (Fegan’s technique).¢! In oth-
er words, the ultrasound detected saphenous reflux is re-
duced after varicosity avulsion even though saphenous
valvular incompetence persists. The saphenous hydro-
static pressure above a ligature does not change after
hook phlebectomy, and because valves may narrow due
to saphenous caliber reduction, valvular incompetence
and recirculating retrograde volume can be reduced or
eliminated. This should cause progressive saphenous
caliber reduction with a beneficial impact on hemody-
namics (see below).

Transmural pressure is the main factor that determines
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vein diameter2 while local-regional saccular dilation has
been attributed to reflux and turbulent flow related to
high volume blood flow.6! According to Reynolds’ law,
blood which is a viscous fluid changes from laminar to
turbulent flow when exceeding a critical velocity. This
happens when the volume flow overcomes the capacity
of the vessel diameter. Turbulence disperses part of the
blood kinetic energy against the vessel wall, veins dilate
with time and become tortuous.2

Although saphenous reflux may disappear after
hook phlebectomy as shown by ultrasound, it may re-
appear after some months or years.!. 2. 60 This happens
when one or more re-entry points that are connected
to the deep venous system become re-established. A
neo-shunt becomes active again and this can eventu-
ally result in clinical recurrence when saphenous re-
flux spills out from the stem towards tributaries, both
at the ligature level or in any other limb area. After a
possible low volume reflux (Figure 8.11 left) in the
early post-operative period, recurrence will be likely
characterized by a higher volume reflux (Figure 8.11
right).

A GSV reflux abolition following hook phlebectomy
or after first step of CHIVA 2 (analogous to hook phle-
bectomy) has been reported!: 37 (see above) as has re-
duction in the GSV diameter after ablation of refluxing
tributaries.?4 37. 45 This reversibility of GSV reflux was
reported a long time ago also by Fegan, following com-
pression sclerotherapy.4

In a study by Escribano et al.16 of 58 patients treated
by the first step of CHIVA 2, GSV diameter was reduced
from 6.6 mm before operation to 3.9 mm at 36 months
after surgery. However, GSV reflux tended to recur in
53 (91%) of these limbs after the initial transient disap-
pearance. The average GSV diameter in these 53 pa-
tients with recurrent reflux was reduced from 7 to 4.3
mm at 36 months follow-up whereas the average di-
ameter in the five patients without recurrent reflux was
reduced from 5.8 to 3.7 mm at the same follow-up as-
sessment (P<0.003).

Significant reduction in the common femoral vein
diameter was shown at two months after the first step
of CHIVA 2 in a study by Mendoza’s et al.2 The GSV
diameter changed from 6.1 mm before operation to 4.5
mm after operation in females and 6.8 to 5.1 mm in
males while common femoral vein diameter changed
from 14.0 mm before operation to 13.7 mm after opera-
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Figure 8.13.—Reflux elimination test.

tion in females and 16.5 to 16.1 mm in males, all these
results being statistically highly significant.

Some literature data* have highlighted that many
limbs with GSV reflux have SFJ incompetence associ-
ated with re-entry points along one or more incompetent
tributaries (shunt type III as to Franceschi’s classifica-
tion 58-70%).2 However, several other hemodynamic
patterns have been highlighted in limbs with GSV-re-
lated varices. A competent SFJ terminal valve is very
common and is seen in up to 59% of limbs with GSV
incompetence.® In these patients, GSV reverse flow may
be associated with pelvic vein reflux, an incompetent
pre-terminal valve of the SFJ or of other saphenous
valves with tributary drainage within the GSV trunk or
perforating veins. (Figure 8.12).

Similarly, re-entry points may be connected to the sa-
phenous stem, with or without further re-entry point(s)
along incompetent tributaries (shunt type I or I+III in
Franceschi’s classification).2 In this situation, the RET
test is negative as excluding refluxing tributaries does
not block GSV reflux which persists though reduced
while GSV trunk retrograde flow directly empties into
deep veins through perforating veins (Fig. 8.13).2

In Cappelli’s series, 55% of limbs with GSV reflux
had an incompetent terminal valve while the latter was
competent in the remaining 45%.50. 51 Terminal valve
hemodynamics can significantly interfere with the out-
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Figure 8.14.—Deep venous reflux in association with incompetent per-
forating vein and its abolition after proximal ligation of varicosity.

come of any hook phlebectomy procedure. Zamboni
demonstrated a clear difference in mid-term follow-
up outcomes according to terminal valve competence
or incompetence.!8 After the first step of CHIVA 2, the
incidence of recurrence determined by ultrasound was
significantly higher in patients with terminal valve in-
competence (82% vs. 14%). Furthermore, terminal
valve competence is associated with a mid-thigh GSV
caliber which is mostly below 6 mm,50. 5! and this is
likely to influence results after hook phlebectomy.

Some literature data report that varicose disease in
the lower limbs and more specifically GSV reflux is an
ascending disease that starts in the tributaries.2’ These
contend that the SFJ may be the ending and not the
starting point for GSV incompetence in many patients
although a multifocal origin by others has been advo-
cated also.29. 63

No specific clinical or ultrasound data have been pro-
duced as to possible changes for hemodynamics in the
deep venous system after phlebectomy only. Deep vein
reflux may be linked to superficial vein reflux through
perforating veins or junctions, which could configure
recruitment-based deep vein reflux (Figure 8.14).

This form of reflux in the deep veins should disap-
pear after ablation of incompetent superficial network,
although a completely different outcome would be ex-
pected for deep venous reflux due to past DVT. Cavezzi
et al.®4 found that approximately three-quarters of limbs
with SSV reflux had associated femoral and/or popliteal
reflux and that this deep reflux was usually abolished
by SSV surgery. Other authors have shown that reflux
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disappears in common femoral, femoral, popliteal and
gastrocnemius veins after SFJ/GSV treatment.65-69

*The embedded figures have been modified from Gia-

nesini et al.’
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CHAPTER 9

Hemodvnamic effects of relieving pelvic
venous reflux and obstruction

Hemodynamic effects of surgical treatment
for pelvic congestion syndrome

Pathophysiology

Pelvic congestion syndrome (PCS) is a clinical com-
bination of symptoms such as pelvic pain, heaviness,
dyspareunia, constipation and urinary frequency with
signs of vulvar, buttock, perineal and lower limb vari-
ces. This is a chronic problem, and symptoms should
have been present for at least six months before consid-
ering PCS as a possible diagnosis.

PCS can be associated with vein reflux in ovarian and
internal iliac vein tributaries or with compression of il-
iac and left renal veins which in turn is responsible for
reflux in ovarian and pelvic veins. These pathophysi-
ological anomalies are responsible for PCS signs and
symptoms and/or reflux in lower limb varices. The first
step is to eliminate gynecological disease which is the
most likely source of pelvic symptoms. When gyneco-
logical disease has been eliminated, a dedicated proto-
col is recommended to identify possible candidates for
operative treatment.

Investigation

Many protocols are used to identify the presence of
PCS and no comparative trial has been published to
evaluate the currently used protocols. Nevertheless,
there is consensus that selective venography is the best
investigation to identify the anatomical and pathophysi-
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Figure 9.1 —Investigation algorithm.

Valsalva

Figure 9.3.—Transvaginal color Doppler ultrasonography in a patient
with isolated reflux without LRV or iliac vein compression. Top: Pelvic
varices, whose size can be measured. Bottom: There is absence of base-
line flow. An oscillatory reflux is identified during a Valsalva manoeuver.

ological anomalies of PCS. Since selective venography
is an invasive investigation, it is recommended that in-
vestigations start with non-invasive duplex ultrasonog-
raphy that will demonstrate findings suggestive of PCS.
In daily practice, an investigation diagram is used when
female patients consult us for signs and symptoms de-
scribed above (Figure 9.1).
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Figure 9.2.—Transvaginal color Doppler ultrasonography in a pa-
tient with gonadal or pelvic varices related to left renal vein compres-
sion or iliac vein compression. Left: Pelvic varices, whose size can be
measured;Right: Continuous high oscillatory flow that increases weakly
with Valsalva manoeuver.

Transvaginal duplex ultrasound (TVDUS)

This investigation provides both anatomical and he-
modynamic information.!-8

Anatomical information. Absence or presence of ve-
nous lakes. If more than 5 lakes are identified with a di-
ameter more than 7 mm we consider that pelvic varices
are present.

Hemodynamic information. When pelvic varices are
seen which show continuous flow on Doppler imaging,
weakly modified by a Valsalva maneuver, left renal vein
(LRV) or iliac vein compression is strongly suspected
(Figure 9.2). Conversely, when pelvic varices are seen
without continuous flow then this suggests isolated re-
flux, and oscillatory reflux is identified with the Valsal-
va maneuver (Figure 9.3).

Abdominal transparietal duplex ultrasound (ATDUS) 6.7

ATDUS is the first routine investigation when TV-
DUS cannot be undertaken whatever the reason. AT-
DUS can identify anatomical lesions such as left renal
vein compression or more frequently iliac vein com-
pression (Figures 9.4 and 9.5). Besides, ATDUS pro-
vides hemodynamic data on flow in the left renal vein
(LRV) and iliac vein as well as reflux in ovarian veins.
In obese patients, a CT scan and/or MRI are used as a
preliminary investigation providing more information
on compression than on reflux.

Venography

Selective dynamic phlebography (SDP) ° SDP is un-
dertaken when previous investigations suggest pelvic

INTERNATIONAL ANGIOLOGY 331



LEE

- g v

Stenosis Distanc I

0.048 MI 0.8 TIS 2.9

Figure 9.4.—Abdominal transparietal duplex ultrasound. Compression
of common left iliac vein (May—Thurner Syndrome) note the decrease
of the flow at left primitive iliac vein level.

varices, ovarian vein reflux or LRV or iliac vein com-
pression. In a routine protocol, left renal and left com-
mon iliac veins, ovarian veins and internal iliac vein
tributaries are successively assessed. Three-dimensional
imaging including virtual reconstruction has enhanced
information quality. SDP provides anatomical informa-
tion and qualitative hemodynamic information for left
renal vein compression and possible associated ovarian
reflux (Figures 9.6-9.8) and iliac vein compression with
reflux in internal iliac vein tributaries. (Figure 9.9)

Contrast- enhanced, dynamic magnetic resonance
venography allows for detailed imaging of the pelvis as
well as dynamic vascular imaging.10

Procedures used for treating PCS

Medical treatment as well as sclerotherapy, open sur-
gery and laparoscopic surgery have been used for treating
PCS, but their hemodynamic outcome has not been docu-
mented. There is a consensus for agreeing that emboliza-
tion of pelvic and ovarian veins is the first interventional
option for getting long-term good clinical results.!!-17

Clinical outcome data after PCS interventional treat-
ment are available 1

Embolization is fully documented but only one ar-
ticle provides long term information.!4
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Figure 9.5.—Abdominal transparietal duplex ultrasound (iliac vein
compression syndrome). Compression of common right iliac vein with
an increase in flow direction right/left internal iliac vein due to collater-
als among the left to the right axis.

Hemodynamic outcome data after PCS interventional
treatment

Hemodynamic outcome is not documented except in
two articles. In one study, diameter reduction of pelvic
varices investigated by ultrasound is mentioned with a
good correlation with clinical outcome.!¢ In the other
study, one ultrasound examination of the previously
embolized ovarian vein was performed with poor corre-
lation between vein obliteration and clinical outcome.!2

Conclusion

Hemodynamic data are poorly documented in PCS.
Firstly, only qualitative hemodynamic information is
available for diagnosing PCS, namely: presence or ab-
sence of reflux in gonadal or pelvic veins identified by
ultrasound or venography (Figure 9.6, 9.8,9.12, 9.13),
presence or absence of pelvic varices identified by TV-
DUS or venography (Figure 9.2, 9.3, 9.12,9.13). When
PCS is caused by left renal or iliac vein compression,
hemodynamics are better documented by transparietal
ultrasound, (Figure 9.4, 9.5) MRI, CT scan and IVUS
in terms of stenosis, pressure gradient and flow velocity.

Only qualitative information is available for assess-
ing operative treatment namely: persistence or absence
of LRV or iliac vein compression (Figure 9.10, 9.11A
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Figure 9.6.—Venography using brachial access. Left renal vein com-
pression associated with left ovarian vein reflux.

and B), gonadal and pelvic refluxing veins, pelvic vari-
ces (Figure 9.10, 9.11A and B, Figure 9.13). Validated
correlation between clinical severity and investigation
outcome is missing.

Hemodynamic effects of relieving
iliac vein obstruction

Pathophysiology

Venous outflow obstruction can be caused by inad-
equate recanalization following deep venous thrombo-
sis, extravascular compression or congenital abnormal-
ities of the femoral or iliac veins.! The most common
cause of extravascular compression is compression of
the left common iliac vein by the overlying the right
common iliac artery, called the May-Thurner syndrome
(MTS).2. 3 Thrombosis which does not completely re-
solve results in fibrosis of the vessel and can cause
damage to valves leading to obstruction and venous
reflux. Both obstruction and reflux lead to ambulatory
venous hypertension due to the inability to empty the
venous reservoir which in turn leads to chronic venous
disease.!- 4 Furthermore, deep vein reflux allows high
abdominal pressure to be transmitted into veins of the
lower extremity which causes the veins to dilate.* 18
Competent valves in the femoral vein may protect the
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Figure 9.7.—Venography using brachial access. Left renal vein com-
pression without left ovarian vein.

Figure 9.8.—Retroaortic left renal compression .Left: venography using
femoral access. Both renal vein compression and left ovarian vein reflux
are present. Right: computed tomography scan of the same patient.

saphenopopliteal junction and the small saphenous
vein from this effect.

Moreover, Trendelenburg !9 described a paradoxical
circulation in which part of the venous blood return-
ing to the right atrium deviates at the saphenofemoral
junction into the incompetent saphenous vein and the
varicose veins of the lower limb re-entering deep veins
through perforating veins. The calf muscle venous pump
needs to deal with the excess of blood volume which
causes enlargement of participating veins, reduction
in the ejection fraction and increase in residual venous
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Figure 9.9.—Venography using bilateral femoral access: compression
of the left common iliac vein and collateral flow through internal iliac
vein tributaries.

volume leading to ambulatory venous hypertension.4

Cockett and Jones described the “blow-out syn-
drome” in which they attributed ambulatory venous
hypertension in the superficial system to blood leak-
ing from the deep system into the superficial system
through incompetent perforating veins.20 However,
Bjordal et al. recorded pressure and flow in incompetent
saphenous veins and incompetent calf perforating veins
simultaneously showing a predominantly inward flow
in patients with primary varicose veins. 4 21.22 During
muscle contraction, peak systolic pressure was higher in
the posterior tibial vein than the saphenous vein causing
blood to escape outward through the perforating veins,
but the opposite happened during muscle relaxation and
the inward component appeared to be greater than the
outward component.4: 23-25

Collateral veins develop when obstruction occurs. If
obstruction is below the junction between the external
and internal iliac veins then there are a number of po-
tential changes in lower limb drainage. Blood can flow
to the internal iliac vein through the medial circumflex
femoral vein to the obturator vein or inferior gluteal
vein, through the lateral circumflex femoral vein to the
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Figure 9.10..—Same patient as in Figure 9 after stenting. Left com-
mon iliac vein compression and collateral flow are no longer identi-
fied.

inferior gluteal vein or through the external pudendal
vein to the internal pudendal veins or pelvic venous
plexuses. When the common iliac vein is also affected,
drainage can be enabled by the contralateral external
iliac vein via the external pudendal vein or the pubic
vein. In cases of bilateral occlusion, the gonadal vein
is used as a collateral pathway.26 Furthermore, pelvic
venous plexuses are connected with the azygos vein
which therefore can also form a collateral circulation.?’
Neglén et al. performed intraoperative venography in
87 limbs with iliofemoral obstruction, which were going
to be treated by angioplasty and stenting. Collaterals were
identified in 72% of all limbs. Transpelvic collaterals
were most common (66%) followed by an ascending lum-
bar vein (16%), paravertebral collaterals (9%) and axial
collaterals (9%). Eleven limbs with diffuse iliac vein nar-
rowing did not show collaterals on venography. A relation
to preoperative hemodynamic results and intraoperative
pressure measurements could not be found.?8
Arnoldussen et al.2% scored collaterals observed by
duplex ultrasound and MRV in 40 con sutive patients
with acute DVT or suspected venous disease. A puden-
dal crossover was the most common collateral followed
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Figure 9.11.—A) Venography using bilateral femoral vein access: common right iliac vein compression. B) Same patient after stenting. Right com-
mon iliac vein compression is no longer identified.

Figure 9.12.—Venography using brachial access and selective ovarian
vein catheterization. Valsalva manoeuvre: Unilateral ovarian vein reflux
filling pelvic varices through a round ligament vein as well as lower-
limb varicose veins.

by the inferior epigastric vein and ovarian vein. Atresia
of the inferior vena cava was found in two patients both
of whom showed azygos collaterals.

Delis et al.30 found that 81% of limbs with prior ilio-
femoral DVT showed venous reflux in both the superfi-
cial and deep system during follow-up. The remaining
19% showed reflux only in the superficial system. Air
plethysmography (APG) showed that outflow fraction
was significantly lower (37% versus 49%), venous fill-
ing index was significantly higher (VFI, 3.8 mL/s versus

Vol. 35 - No. 3

after coil & embolization

Figure 9.13.—Upper line. Left: Left common iliac vein compression
and reflux in internal vein tributary. Right: Both compression and reflux
suppressed by stenting. Lower line. Left: Refluxing right ovarian vein
feeding pelvic and lower limb varices. Right: after embolization no more
reflux and varices.

1.6 mL/s) and residual volume fraction was also signifi-
cantly higher (RVF, 45% versus 35%) in the post-DVT
limbs compared with controls, although the ejection frac-
tion and venous volume were comparable in both groups.
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Other tests often performed with venous disease are
ambulatory venous pressure (the percentage decrease
of baseline pressure from rest to the level at the end
of ten tiptoe movements), hand-foot pressure differen-
tial (the pressure differential between recordings from
needles placed in the dorsal foot vein and a hand vein)
and hyperemia-induced pressure increase (rise of dorsal
foot vein pressure after reactive hyperaemia induced by
ischemia using a cuff). In normal limbs, the hand-foot
pressure differential is less than 4 mmHg and the pres-
sure rise in the dorsal vein after hyperaemia is less than
8 mmHg 31 (see Chapter 3).

In contrast to obstruction, iliac vein reflux is consid-
ered hemodynamically irrelevant provided deep veins
in the lower limb are competent. Deep or superficial
anatomical location of reflux does not determine its he-
modynamic severity, whereas quantity of reflux volume
does.* 32

Effect of treatment and long-term follow-up
Oral anticoagulation

Akesson et al33 studied 20 patients with acute il-
iofemoral deep venous thrombosis who were treated
with oral anticoagulation alone. Most patients stopped
oral anticoagulation after six months and no recurrent
thrombosis was observed during follow-up. Maximum
venous outflow measured by strain-gauge plethysmog-
raphy was 31 mL/min/100 mL (13-83 mL/min/ 100 mL)
at six months, 40 mL/min/100 mL (9-122 mL/min/100
mL) at three years and 45 mL/min/100 mL (12-87 mL/
min/100 mL) at five years. A maximum venous outflow
of less than 33 mL/min/100 mL was considered abnor-
mal. This was the case in 80% of patients at six months,
50% of patients at three years and 40% of patients at
five years. Improvement was only significant comparing
six months to five years. Ambulatory venous pressure
was 59 mmHg (10-125 mmHg) at six months and 60
mmHg (21-95 mmHg) at five years. Return time to 90%
of resting pressure was also measured and was defined
as abnormal when less than 20 sonds. The 90% return
time was 18s (0-55 s) at six months and 13 s (0-71 s)
at five years and this was statistically significant.33 The
effect of anticoagulation cannot be determined because
no measurements were made in the acute phase but this
study does show that venous hemodynamics improve
after deep venous thrombosis over a period of five years.
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Stenting

It is well established on clinical grounds that stent-
ing is a good option for treating iliofemoral venous
obstruction. Large single-centre studies have reported
primary patency, assisted primary and sondary patency
rates of 57-83%, 80-88% and 86-90% in PTS patients
and 79-93%, 92-100% and 93-100% in May-Thurner
Syndrome patients respectively.3!. 34 However, little is
known about the hemodynamic changes after stenting
to recanalize the iliofemoral tract.

Neglén and Raju 28 studied 102 limbs in 94 con sutive
patients with suspected iliac vein obstruction with the
intent to treat any venous occlusion. Ambulatory pres-
sure, hand-foot pressure differential and hyperaemia-
induced pressure rise were measured. At baseline, mean
ambulatory venous pressure decreased by 50+17%,
hand-foot pressure differential by 1.8+1.8 mmHg and
hyperaemia-induced pressure rise by 5.8+6.0 mmHg.
Seventy-seven limbs were stented with median follow-
up of 12 months (1-21 months). Data on preoperative
hemodynamics, intraoperative pressure gradients, col-
lateral vessels and degree of stenosis were analysed to
identify predictive factors for outcome after stenting.
Hand-foot vein pressure differential decreased signifi-
cantly from 1.4+1.5 mmHg to 0.8+1.3 mmHg but other
repeat hemodynamic tests showed no significant im-
provement after treatment. However, no correlation was
found between this data and clinical outcome measured
by pain scale or decrease of swelling. Intraoperative
venography identified collaterals in 63 of 87 limbs and
62% of these disappeared after angioplasty and/or stent-
ing. Collaterals markedly decreased in 20% of the limbs
and no changes were observed in 18%.28 The conclu-
sion was that results of stenting could only be identified
hemodynamically by hand-foot vein pressure differen-
tial and not by changes in baseline AVP. It may well be
that AVP changes are more dependent on reflux changes
than reduction in outflow obstruction. Furthermore, no
correlation was found between any pressure measure-
ments and development of collateral circuits.

Neglén et al35 extended this study by investigating
hemodynamic differences in 139 lower limbs treated
by balloon dilation and stenting, 61 with primary dis-
ease (MTS) and 78 with post-thrombotic disease (PTS).
Ambulatory venous pressure decrease before treatment
was 57% (13-99%) in patients with PTS and 61% (31-
92%) in patients with primary obstruction which was
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significantly different. Hand-foot vein pressure dif-
ferential was 1 mmHg in both groups (range of 0-5 in
the PTS group and range of 0-8 mmHg in the primary
obstruction group. Hyperaemia-induced pressure eleva-
tion was 6 mmHg (range 0-48 mmHg) in the PTS group
and 4 mmHg (range 0-16 mmHg) in the primary ob-
struction group which was significantly different. The
wide range of pressure increase during hyperemia in-
dicated that some patients were well compensated by
collaterals and others were not. During the procedure,
femoral pressure at rest was 12 mmHg (5-25 mmHg)
for PTS limbs and 11 mmHg (4-20 mmHg) for the pri-
mary obstruction group which was also statistically
significant. The increase after intra-arterial injection
of papaverine was also significantly higher in the PTS
group, 2 mmHg (range 0-22 mmHg) versus 1 mmHg
(range 0-4 mmHg). The pull-through pressure gradient
was not significantly different between the two groups.
Pressure measurements were not helpful in determin-
ing severity of borderline obstruction. Using intraopera-
tive venography, no differences in collateral formation
were observed between the two groups (78% of PTS
limbs and 75% of MTS limbs), though in the PTS group
72% of collaterals disappeared after stenting compared
with 43% in MTS. Only 11% of limbs did not show any
decrease in collaterals in the PTS group as opposed to
27% of limbs in the MTS group. 35 This data suggests
that the post thrombotic syndrome has a more negative
effect on venous hemodynamics than the May-Thurner
syndrome though definite differences between hemody-
namic changes in stenting for PTS and MTS could not
be made, since patients in the PTS group may have had
MTS as an underlying cause of their thrombosis. No
investigations concerning correlation between patency
and hemodynamic parameters were made.

Rosales et al.3¢ studied 34 patients who underwent
endovascular recanalization for iliofemoral obstruc-
tion. Pre-operatively only 53% of patients were found
to have elevated ambulatory venous pressure with a
median of 72 mmHg (64-72 mmHg). Venous pressure
gradients and venous occlusion plethysmography mea-
sured by APG were abnormal in 50% of all patients. Im-
provement of venous occlusion plethysmography and
venous pressure gradient after stenting was recorded in
only four of 18 patients, though no specific values were
given. Correlation of hemodynamic values with patency
was not tested. Median follow-up was 33 months (1-96
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months).3¢ This indicates that venous pressure gradient
and APG measurements for occlusion do not properly
reflect the effect of iliofemoral obstruction.

Neglén et al. 3! investigated 982 limbs in 870 con
sutive patients with chronic non-malignant iliofemoral
obstruction treated by stenting. Hemodynamic mea-
surements were performed before and after treatment
in 426 limbs. A significant improvement was shown by
ambulatory venous pressure decrease (from 62+20% to
66+21%), venous filling time (from 32+35 s to 36432
s), hand-foot pressure differential (from 1.2+1.3 mmHg
to 0.8+1.2 mmHg), venous filling index (from 2.5+2.0
mL/s to 2.3£1.0 mL/s) and venous volume (from 87+40
mL to 84439 mL). Other factors that were tested but
did not improve significantly were hyperemia pressure
increase (from 5.6+£3.9 mmHg to 6.3+4.1 mmHg), ejec-
tion fraction (from 57+22% to 57+£24%) and residual
volume fraction (from 34+23% to 324+25%). Again, it
may be that many of the APG paremeters are more de-
pendent on reflux than outflow obstruction. 31

A subgroup analysis was performed for limbs un-
dergoing stenting and procedures to correct reflux pro-
cedures (n=108) and limbs solely undergoing stenting
(n=318). Hand-foot pressure differential did not prove
to be significant any more in the limbs also undergoing
reflux procedures while the other previously mentioned
parameters stayed significant. In the group with stent-
ing alone, only ambulatory venous pressure decrease
and hand-foot pressure differential proved significant.
Limbs with reflux and stenting alone (n=178) and limbs
without reflux and stenting alone (n=105) were also
separated into subgroups. Improvement of hand-foot
pressure differential was found to be statistically sig-
nificant in both groups and improvement of ambulant
venous pressure decrease was found to be statistically
significant in the group without reflux.3! These findings
emphasise even further the effect that reflux may have
on APG measurements and the importance of measur-
ing both the severity of reflux and outflow resistance in
the same limb (see Chapter 10).

Some differences in mean hemodynamic parameters
were observed when limbs with non-thrombotic iliac
vein obstruction (MTS, n=149) were compared with
those with thrombotic obstruction (PTS, n=93). Am-
bulatory venous pressure decrease only improved sig-
nificantly after stenting in MTS patients (from 70+£18%
to 76£12%) though this parameter was significantly
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different between groups before treatment (59+20%
in PTS limbs). Venous volume also only improved sig-
nificantly in MTS limbs (from 88+£39mL to 81+42mL)
with a significant difference before treatment between
groups (from 76£40mL in PTS limbs). Residual vol-
ume fraction significantly improved in MTS limbs only
(from 34+22% to 27+21%) without differences before
treatment between the two groups.3!

Mean values before treatment for the parameters that
were found to be significant during subgroup analyses
were statistically different between the two groups,
except for the hand-foot pressure differential between
limbs with or without reflux and stenting. Furthermore,
35 limbs in the group solely undergoing stenting were
not used in the subanalysis for sole stenting in limbs
with or without reflux. The authors did not clarify this
discrepancy. Patients who developed recurrence after
successful stenting were excluded from hemodynamic
analysis altogether so there was no insight in potential
hemodynamic difference before or after treatment be-
tween patients who successfully underwent stenting and
patients who developed recurrence. This study suggests
that hemodynamic relief of obstruction does not im-
prove venous insufficiency without treating the reflux.
Differences in hemodynamic improvement were found
between different etiological groups, though no conclu-
sions can be drawn from these results due to baseline
differences between the groups.

Hurst et al.37 investigated the results of recanali-
zation in 18 patients diagnosed with May-Thurner
syndrome. 17 patients received a stent, whereas one
patient underwent sole angioplasty. Intravascular pres-
sure measurements were performed in 14 of the 18 pa-
tients. Mean resting pressure gradient which was 5.6
mmHg before recanalization decreased to 0.6 mmHg
after recanalization. The authors did not explain ex-
actly how and when resting pressure gradients were
obtained. Only half of the patients underwent APG. Al-
though occlusion or stenosis was present in all cases,
none of them had an outflow fraction of less than 40%
on APG, the suggested pathological cut-off value.3”
This finding suggests that the cut-off point of 40% of
venous outflow originally developed for acute DVT
may not be applicable in patients with chronic obstruc-
tion. APG was not performed post procedure. One pa-
tient was lost to follow-up and the other 17 patients
were evaluated with a mean follow-up of 17 months
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(1-43 months). Two stents were occluded upon follow-
up. One patient developed symptoms two weeks after
primary stent placement due to stent thrombosis and
received catheter-directed thrombolysis, angioplasty
and an arteriovenous fistula to improve flow. Eight
weeks later this patient had a sond recurrence and un-
derwent left to right femoral-femoral venous crossover
bypass surgery. This patient had a pre-procedure pres-
sure gradient of 14 mmHg that decreased to 1 mmHg
after initial recanalization. Another patient was found
to have a chronically thrombosed stent after 12 months
which could not be recanalized. Because it was thought
the patient had an adequate collateral circulation, this
patient did not receive a sondary recanalization. No
intravenous pressure measurements were available for
this patient.37

Delis et al.34 studied 23 limbs in 16 patients with PTS
who underwent iliofemoral stenting. Venous claudica-
tion was present in 10 patients. Healthy limbs of those
patients (n=9) were used as a control group. Hemo-
dynamic measurements were performed using strain-
gauge plethysmography and pressure measurements in
the common femoral vein. Outflow fraction, ejection
fraction and residual volume fraction all significantly
improved after stenting. Outflow fraction at four sonds
improved by 10% (95% CI 6.1% to 13.5%) (P=0.001),
ejection fraction by 13.7% (95% CI 6.7% to 22.5%)
(P=0.004) and residual venous fraction by 17.7% (95%
CI 9.6% to 25.6%) (P=0.002). No changes were ob-
served in the control group. Venous filling index sig-
nificantly deteriorated after stenting from 16.9 (IQR
11.9 to 29.8) mL/100 mL/s to 21.0 (IQR 15.7 to 32.4)
mL/100 mL/s (P=0.004) with no changes in the control
limbs. Venous pressure in supine position significantly
decreased after stenting from a median of 8 mmHg
(7-10.5 mmHg) to a median of 1 mmHg (1-2 mmHg.
These hemodynamic changes were associated with ab-
olition of claudication in all patients and improvement
of CEAP clinical class from median C3 (IQR C3-C5)
(CVD distribution C6, 6; C4, 4; C3, 13) before stenting
to median C2 (IQR C2-C4.5) (CVD distribution C6, 1;
C5,5; C4, 4; C2, 13) after stenting. This study shows
the magnitude of hemodynamic changes associated
with improvement in CEAP clinical classes. The 24%
mean increase in reflux indicates that the new channel
without valves created by stenting may be responsible
for additional downward flow of blood.
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Patel et al38 treated ten patients with iliofemoral
deep venous thrombosis and May-Thurner syndrome by
catheter-directed thrombolysis and subsequent recana-
lization of the common iliac vein. The mean pressure
gradient between the inferior vena cava and the external
iliac vein was 0.3+0.5 mmHg after stent placement. No
measurements were made before treatment.

Bypass

Garg et al3® compared venous bypass surgery to
hybrid reconstruction consisting of endophlebectomy,
angioplasty and stenting. Surgical reconstruction (29
femorofemoral, 17 femoroiliac-inferior vena cava and
six complex bypasses) was performed in 52 cases and
hybrid reconstruction was performed in 12 cases. Early
graft occlusion occurred less frequently in bypass pa-
tients (17% versus 33%) and discharge patency was
96% for surgical reconstruction and 92% after hybrid
reconstruction. Five-year primary and sondary patency
was 42% for bypass and 59% for hybrid reconstruction.
Mean follow-up was 41 months. Univariate analysis
showed that the type of bypass was significant for pri-
mary and sondary patency. At five-year follow-up, these
were 70% and 78% for de Palma bypass, 63% and 86%
for femoroiliac and ilio-infrahepatic IVC bypass, and
31% and 57% for femoro-infrahepatic IVC bypasses re-
spectively. Multivariate analyses showed that the pres-
ence of MTS significantly decreased primary and sond-
ary patency.? This was not a randomized control trial
but a retrospective study of patients treated within a cer-
tain time period. Demographics were presented though
not divided by group. Furthermore, 25% of patients
were lost to follow-up. This subgroup of patients only
had a mean follow-up of eight months (<1-61 months).
Sole obstructive pathology was present in 41% of pa-
tients and 59% of patients also had associated valvular
incompetence with reflux. Surgical bypass seems to be
beneficial in early graft patency though not in long-term
follow-up. However, no clear statements can be made
on hemodynamics due to the design of this study.

Jost et al.#0 retrospectively studied 42 patients who
underwent venous reconstruction for iliofemoral or
IVC occlusion. Twelve patients had previous surgical
intervention of which two had received bypass sur-
gery already. Strain gauge plethysmography was per-
formed in 18 patients and impedence plethysmogra-
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phy in 12. Outflow obstruction was identified in 83%
of patients, and 57% of patients also showed associ-
ated venous insufficiency on plethysmography. Graft
flow was measured using an electromagnetic flow me-
ter. Mean flow was 349 mL/min (20-3000 mL/min) in
patients without an arteriovenous fistula (AVF) and
571 mL/min (125-2200 mL/min) in patients with an
AVF (n=22). Median femorocentral (femorofemoral
in patients with unilateral disease) venous pressure
gradient was 10 mmHg (1-37 mmHg) in the supine
position before treatment. This decreased to 4 mmHg
(0-18 mmHg) intraoperatively after reconstruction.
Overall three-year primary and sondary patency were
54% and 62% respectively. Mean follow-up was 2.6
years (0.1-11.7 years). Four-year primary and sondary
patency for de Palma grafts were 77% and 83% and
two-year primary and sondary patency of iliocaval/
femerocaval grafts were 38% and 54%. This was not
significantly different from de Palma grafts. In three
patients, femoro-femoral crossover PTFE grafts were
done which all occluded at one, two and 12 months
despite additional AVF. 40 Although plethysmography
was performed in most patients, no clear details were
given about the results of these tests. Improvement in
impedence plethysmography was only found in two
of 12 patients and no improvement of drainage was
found using strain-gauge plethysmography. Mean
follow-up using plethysmography was 3.1 months
(5 days-4.5 years).40 Results are difficult to compare
because different patency rates were used for each
intervention, and no clear statements can be made
concerning plethysmography results due to the lack
of information provided. The mean venous pressure
gradient decreased although it was not stated whether
this difference was significant. Mean flow was higher
in patients with AVF but significance was not stated
and this was not followed up using patency as out-
come.

Conclusion and recommendations

As stated above, little is known about hemodynamic
changes after relieving pelvic obstruction and reflux in
venous disease. Following stenting, pressure gradients
across the obstructed segment seem to decrease as do
flow velocity and the hand-foot pressure differential.
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However, there have been no clear investigations of he-
modynamic predictors for outcome from relieving pel-
vic obstruction. Therefore, its pertinence in detecting
success after treatment should be assessed. Correlation
between hemodynamic parameters and development of
collateral circuits formed after pelvic obstruction has
not been found.

Air plethysmography and strain-gauge plethysmog-
raphy were used in some studies, though abnormal
outflow fractions were rarely identified in patients with
iliofemoral obstruction. This warrants closer investiga-
tion to determine how useful plethysmography is for
detecting venous outflow disorders of the lower limb.
Solely relieving outflow obstruction does not improve
hemodynamic parameters indicative of reflux, and ad-
ditional procedures are needed to achieve this.

The post thrombotic syndrome seems to affect he-
modynamic parameters more than the May-Thurner
syndrome. However, most studies do not clearly state
whether May-Thurner syndrome could be the underly-
ing cause for the occurrence of the deep venous throm-
bosis that caused PTS.

Hardly anything is known about the hemodynamic
effects of reconstructive surgery to relieve pelvic ob-
struction. Furthermore, patency rates are considerably
worse than for stenting.

However, protocols for testing are not always trans-
parent. In cases of stent occlusion, authors did not
elaborate or investigate whether hemodynamic mea-
surements were different in these patients compared
to those who did not develop stent occlusion. Further-
more, hemodynamic parameters were tested and pooled
in some studies even though treatment was not uni-
form. Thus, further research with proper protocols in
a homogenous population needs to be performed with
quantitative measurements of both reflux and outflow
resistance. Patency should be assessed during follow-
up and potential differences in hemodynamic results
between patients with and without recurrence should
be evaluated. Although patency for stenting in venous
disorders is well established, hemodynamic parameters
are poorly investigated.
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CHAPTER 10

Venous clinical severity and associated
hemodynamic changes

Classification of chronic venous disease

The CEAP (Clinical, Etiological, Anatomical,
Pathophysiological) classification was published in the
mid 1990s. Several revisions by an ad hoc committee
of the American Venous Forum in conjunction with an
International ad hoc committee have resulted in an up-
dated version.! The aim of the CEAP classification was
to facilitate meaningful communication and description
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of all forms of CVD. Prior to the development of CEAP,
hemodynamic measurements were studied in relation to
prevalence of symptoms and signs.

Although the CEAP classification provided a pre-
cise and reproducible description for different stages
of CVD, it lacked quantitative qualities demanded for
epidemiological studies and assessment of efficacy of
different therapies. For example, venous claudication is
an important symptom in chronic deep venous insuffi-
ciency (CDVI) but, it is poorly defined as being present
or absent and with no indication of severity. Similarly,
the pathophysiologic classification (P) adequately de-
fines Pr, Po, and Pr,0 for reflux and obstruction in dif-
ferent anatomic locations but we also need a measure of
their severity. As a result, a number of disease severity
scoring systems have been developed.

Disease severity scoring systems

The Venous Severity Scoring (Vs.S) system has three
components, Venous Disability Score (VDS), Venous
Segmental Disease Score (Vs.DS) and Venous Clinical
Severity Score (VCSS), and was developed in 2000 by
an American Venous Forum ad hoc committee on ve-
nous outcomes assessment. The aim was to supplement
the CEAP classification by providing an instrument to
assess patients’ condition during follow-up.2 In contrast
to CEAP, the Vs.S includes symptoms as well as signs.
It has a good intraobserver and interobserver agreement
and validation.3- 4 Its applicability to all CEAP clinical
classes and its ability to demonstrate subtle changes’
make it an ideal tool to evaluate clinical outcome in
randomized control trials (RCT).

The Venous disability score (VDS) has a maximum
of 3, defined as: O=asymptomatic, 1=symptomatic but
able to carry out usual activities without compressive
therapy, 2=can carry out usual activities only with com-
pression and/or limb elevation, 3=unable to carry out
usual activities even with compression and/or limb el-
evation. Usual activities are defined as patient activities
before onset of disability from venous disease.

The Venous Segmental Disease Score (Vs.DS) com-
bines the anatomic and pathophysiologic components
of CEAP. Vs.DS is based on venous segmental involve-
ment with major venous segments being graded accord-
ing to presence of reflux and/or obstruction. This scoring
scheme is entirely based on venous imaging, primarily
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duplex ultrasound but also venographic findings, and
weights 11 venous segments for their relative importance
when involved with reflux and/or obstruction. There is
one Vs.DS score for reflux (maximum score of 10) and
another for obstruction (also a maximum score of 10).
The Venous Clinical Severity Score (VCSS) is based
on nine clinical characteristics (pain, varicose veins, ve-
nous edema, skin pigmentation, inflammation, indura-
tion, and number, duration and size of active ulcers) each
graded from 0 to 3, and additionally use of conservative
therapy (compression and elevation),using the same cri-
teria to produce a 30 point-maximum flat scale.3. ¢
Validation of the Vs.S scoring systems has been re-
ported.* 79 to show that the venous severity scores are
significantly higher in advanced venous disease and cor-
relate with anatomic extent. VCSS has been found to be
equally sensitive and significantly better for measuring
changes in response to superficial venous surgery than
the CEAP clinical class, while VDS demonstrated com-
parable and even better performance.# It has been sug-
gested that VCSS may have a more global application
in determining the overall severity of venous disease.”
A clear association between VCSS and ultrasound
findings has been demonstrated suggesting that this
score can be used as a screening tool. In a series of
420 limbs with VCSS ranging from 0-8 (0 score in 283
limbs) when the score was dichotomized (0=normal,
I=any abnormality), VCSS was a strong predictor of ul-
trasound scan abnormalities; limbs with VCSS greater
than 0 had a 26-fold greater chance of ultrasound scan
abnormalities than did limbs with VCSS=0 (OR, 26.5;
95% CI, 11-64). Sensitivity of VCSS compared with
scans was 89.3%, specificity was 76.1%, negative pre-
dictive value for VCSS=0 was 97.9%, and positive pre-
dictive value for any positive score was 36.5%.7
VCSS was revised in 2010 to clarify its pain, inflam-
mation and induration components.® For example, pain at-
tributes were expanded to include other less severe symp-
toms and discomfort such as aching, heaviness, fatigue,
soreness and burning if considered to be of venous origin.

Scoring systems to assess the post-
thrombotic syndrome (PTS)

Three further different scoring systems have been pro-
posed that are specific for the assessment of the PTS:
the Brandjes,!? Ginsberg !! and Villalta 12.13 scales. All
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three systems use symptoms and signs which are present
or absent in the Brandjes system but graded in the other
two. The Ginsberg system identifies the presence or ab-
sence of PTS without grading its severity. In contrast,
the Villalta scale grades symptoms and signs and classi-
fies patients into different PTS severity groups. Because
of its reliability, high correlation with relevant health
outcomes, acceptability, responsiveness to changes in
the severity of PTS and successful use in clinical trials!4
the subcommittee on control of anticoagulation of the
Scientific and Standardization Committee of the Interna-
tional Society on Thrombosis and Haemostasis recom-
mended that the Villalta scale should be used in clinical
studies to diagnose and grade the severity of PTS.15

The Villalta Scale

This was introduced in 1994 as a means to evaluate
the post-thrombotic syndrome.!2 It scores both symp-
toms (cramps, pruritus, pain, heaviness, paraesthesiae)
and signs (pretibial oedema, induration of the skin, hy-
perpigmentation, new venous ectasiae, redness and pain
during calf compression) by rating their severity from
0 (not present or minimal) to 3 (severe) for a maximum
of 33 points, while the presence of a venous ulcer of the
lower limb is also recorded. A total score of 15 or more
on two con sutive visits or the presence of a venous ul-
cer indicates severe PTS. A total score of 5 to 14 on two
con sutive visits indicates mild PTS. In patients with bi-
lateral thrombosis, the higher score is used. The Villalta
scale!2 has been uniformLy accepted and shown to be
reproducible including a good inter-observer reliability
of measures to assess the post-thrombotic syndrome.!16

In a recent study assessing the Villalta, Ginsberg,
Brandjes, Widmer, CEAP, and VCSS systems in terms
of interobserver reliability, association with ambulatory
venous pressures, ability to assess severity of PTS, abil-
ity to assess change in condition over time, and associa-
tion with patient-reported symptom severity found that
only the Villalta scale was able to fulfil all the above cri-
teria,!7 findings that endorse its generalized use for PTS.

Hemodynamic components responsible
for development of symptoms

The main factor that determines development and se-
verity of symptoms and signs is venous hypertension
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(see chapter 4). The prevalence of venous ulceration,
active or healed, was examined in a study of 251 legs
in patients with venous symptoms as a result of super-
ficial and/or deep venous disease using ambulatory ve-
nous pressure (AVP) measurements.!8 No ulceration oc-
curred in limbs with AVP <30 mmHg and there was a
100% incidence with AVP >90 mmHg. A linear increase
occurred from 14% in limbs with AVP between 31 and
40 mmHg to 100% in limbs with AVP greater than 90
mmHg (r=0.79). The authors concluded that the cor-
relation between ulceration and AVP was irrespective
of whether the patient had superficial or deep venous
disease.

It should be emphasised that the effects of venous hy-
pertension are modified by three compensatory mecha-
nisms. The first mechanism is the ability of the lymphat-
ic system to “cope” with increased lymph produced. In
some patients the lymphatic drainage can increase up
to ten times and the leg may look normal despite se-
vere hypertension, while in some only two times when
overt skin changes occur for the same severity of ve-
nous hypertension (see chapter 6). The sond mechanism
is the fibrinolytic activity in the blood and tissues that
can remove excess extracellular protein and particu-
larly fibrin, which varies from person to person. Skin
changes are rare in the presence of AVP <35, and skin
changes and ulceration are frequent in the presence of
AVP >65.18 Fibrinolytic activity was measured in a se-
ries of 37 patients with moderate venous hypertension
with AVP in the range of 35-65. Euglobulin lysis time
(ELT) was normal (less than 240 min) in 12 patients of
whom only two had lipodermatosclerosis (LDS) only,
in contrast to the remaining ten patients with a low fibri-
nolytic activity (ELT <240 min) of whom nine had LDS
and seven had both LDS and ulceration (P<0.001).1°
The third factor is time which exerts an adverse effect
on the microcirculation with progressive deterioration
(see chapters 3 and 6). Hemodynamic abnormalities re-
sponsible for development of venous hypertension are
reflux, obstruction, efficacy of calf muscle pump and
how well the collateral circulation develops when ob-
struction is present. With the presence of compensatory
mechanisms of variable efficacy and often with coex-
isting hemodynamic abnormalities, it is not surprising
that if only one of the above parameters is measured, a
relatively poor correlation would be found between the
latter and severity of the disease (see below).
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The authors of many of the papers quoted below have
spent a lot of time trying to find out if one hemodynamic
measurement or another can discriminate between dif-
ferent clinical severity classes (e.g. C of CEAP). This
approach belongs to the pre-duplex ultrasound era
when hemodynamic measurements were used as non-
invasive diagnostic tests. Currently, duplex ultrasound
provides accurate information about the presence and
anatomic extent of reflux or obstruction. Hence, there is
no need for hemodynamic measurements to be used as
diagnostic tests but instead as measurements that tell us
how much reflux and/or how much functional obstruc-
tion there is, after the ultrasound examination has been
made.

Correlation of measurements of
reflux with clinical severity

Anatomic extent of reflux

The anatomic extent of reflux in the pre-duplex ultra-
sound era could be determined with descending phle-
bography. Pathological reflux through the popliteal vein
was shown to be associated with symptoms but the as-
sociation was not clear cut.20

As indicated in chapter 3, duplex ultrasound scanning
is a sensitive method for detecting reflux and its extent
in both superficial and deep veins. In the absence of
deep venous obstruction, limbs with reflux confined to
the proximal (above knee) superficial or deep veins rare-
ly develop skin changes or ulceration.2!. 22 In contrast,
even in the presence of normal deep veins, symptoms
and signs of CVI are more often found when the entire
length of the great saphenous vein (GSV) is involved or
when reflux is present in both great and small saphenous
veins. 2122 The authors concluded that aching, ankle
edema and skin changes in limbs with reflux confined
to the superficial system are predominantly associated
with reflux in below knee veins. Ulceration was found
only when the whole GSV was involved or when reflux
was extensive in both great saphenous and small saphe-
nous veins. Multisegmental reflux is more prevalent in
legs with ulcers than in non-ulcerated limbs (75% vs.
22%).23 A pattern of reflux that involves two or more
of the venous systems (superficial and deep, superficial
and perforating or superficial, perforating and deep) is
found in approximately two thirds of patients with skin
changes or ulceration.22-27 Although these studies were
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performed prior to the introduction of CEAP or other
clinical severity scoring systems, the available evidence
suggests that there is a strong association between the
severity of chronic venous insufficiency (CVI) and the
anatomic distribution and extent of venous reflux.

The anatomic extent of reflux was investigated in
a study involving 98 limbs (83 patients), with active
chronic venous ulcers. Reflux was present in all limbs
except one. Isolated reflux in one system (superficial=3,
deep=4, perforator=3) was seen in ten legs (10%), while
incompetence in all three systems was seen in 51 legs
(52%). Superficial reflux with or without involvement
of other systems was seen in 84 legs (86%), 72 legs
(73%) had deep reflux with or without involvement of
other systems, and incompetent perforator veins were
identified in 79 limbs (81%). Axial reflux (continuous
reverse flow from the groin region to below knee) was
found in 77 limbs (79%). Axial distribution of disease
was found in the majority of cases and no patient had
isolated deep venous incompetence below the knee.28

The significance of popliteal reflux in relation to de-
velopment of symptoms was investigated in two stud-
ies. The first performed in the late 1970s involved 51
patients (55 limbs) who had had deep venous throm-
bosis (DVT) extending into the femoral or iliofemoral
segment three to five years earlier and ten limbs of ten
healthy volunteers. AVP was measured by inserting a
needle in a vein on the foot and the presence of reflux
in the popliteal vein was determined by a directional
Doppler ultrasonic blood velocity detector. All patients
had ascending venography. Those limbs with iliofemo-
ral recanalization and competent popliteal valves had
an ambulatory venous pressure of 3010 mmHg. In
limbs with iliofemoral recanalization and incompetent
popliteal valves, the mean AVP was 61+8 mmHg. In pa-
tients with persistent iliofemoral occlusion and compe-
tent popliteal valves, the mean AVP was 3815 mmHg,
while those limbs with proximal occlusion and incom-
petent popliteal valves had the highest AVP of 85+15
mmHg. In limbs with competent popliteal valves, the
incidence of ulceration was nil even in the presence of
proximal occlusion. In limbs with incompetent popli-
teal valves, ulceration had developed in three quarters
of the limbs at some time. The results of this study in-
dicated that the most important factor in determining a
high AVP and ulceration was the condition of the pop-
liteal valves. Ulceration did not occur even in the pres-
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ence of proximal occlusion if the popliteal valves were
competent. The extent of DVT and recanalization or the
failure of recanalization was of sondary importance.29

The sond study involved 50 patients who had veno-
graphic DVT confined to the calf during the years 1990-
1994 and were seen again 6-10 years after the acute
event. A significant association was found between pop-
liteal reflux and skin changes. Popliteal reflux on duplex
ultrasound was present in 20 limbs of which 12 (71%)
were classified as C4-C6. Popliteal reflux was absent in
30 limbs of which only 5(29%) were C4-C6 (P<0.05).30

The correlation between ultrasound findings as to
whether reflux or obstruction were present or absent
as against VCSS was tested in a recent study involv-
ing 5,814 limbs (2,907 patients) and was found to be
poor (r(s)=0.23 (P<0.0001). This was an inappropriate
comparison and conclusion because the majority of pa-
tients (83%) were in the C0-C2 classes, which means
that most had either normal limbs or limbs with telan-
giectasiae or varicose veins with a distribution highly
skewed towards normality, while there was no attempt
to separate reflux from obstruction let alone quantify
these parameters!2 In this study, the percentages of pa-
tients in the different C- classes were: C0 26%, C1 33%,
C2 24%, C3 9%, C4 7%, C5 0.5% and C6 0.2% (mean
C 1.41+£1.22 and mean VCSS 2.83+0.47).

The results from most studies indicate that the more
extensive the reflux, the more severe the disease and
the higher is the prevalence of skin changes and ulcer-
ation. In patients with deep venous reflux, the presence
of'a competent popliteal valve appears to protect the leg
from skin changes and ulceration even in the presence
of proximal obstruction.

Refilling time, velocity at peak reflux and volume flow

Reflux is a major pathophysiological abnormality in
CVD and this is probably the most investigated parameter
on duplex ultrasound. The cut-off point for the diagnosis
of pathological reflux for superficial and deep veins is ac-
knowledged to be 0.5 and 1.0 sonds respectively.2!. 31

A study of 244 limbs with reflux demonstrated an
increase in peak reflux velocity (PRV), time of aver-
age rate of reflux (TAR) and absolute displaced vol-
ume (ADV) in C4-C6 compared with C1-C3, but reflux
time (RT) was not significantly different between these
groups. There was no significant correlation between
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RT, PRV, TAR and ADV versus clinical severity in
limbs with GSV reflux only. However, in limbs with ax-
ial deep reflux to below the knee, that is with concomi-
tant reflux at the knee level, only the PRV and TAR had
a significant but low correlation with clinical severity
(r=0.32, P=0.0036 and r=0.22, P=0.049, respectively).
They concluded that RT cannot quantify severity of re-
flux and is a purely qualitative measurement.32

Quantification of venous reflux was attempted by Ya-
maki et al who stratified 1,132 limbs in 914 patients with
primary valvular incompetence into C1-C3 and C4-C6.
The mean+SD reflux time (RT), peak reflux velocity
(PRV) and peak reflux flow (PRF) at the saphenofemo-
ral junction in C1-C3 versus C4-C6 were 4.05+2.42 ver-
sus 3.42+1.87 s (P=0.532), 27.4+21.1 versus 49.7£35.3
cm/s (P<0.0001) and 26.3+£35.6 versus 64.7+73.4 mL/s
(P<0.0001) respectively. The corresponding results
at the saphenopopliteal junction were 4.554+2.45 ver-
sus 3.73£1.92 s (P=0.213), 30.5+16.8 versus 39.5+24
cm/s (P=0.0002) and 16.5+£15.2 versus 22.2+23 mL/s
(P=0.0029) respectively. The data demonstrated con-
siderable overlap. Nevertheless, they concluded that al-
though the PRV and PRF improved the discrimination
power between early and advanced CVI, RT was un-
able to achieve this result.33 A similar study by the same
group used the same parameters in 686 limbs that in-
cluded patients with sondary as well as primary CVI.34
In sondary chronic venous insufficiency, they showed
that the mean+SD PRV had significant discrimination
power between C1-C3 versus C4-C6 at the femoral vein
(14.8£10.1 versus 32.4+16.1 cm/s, P=0.017) and popli-
teal vein (18.0=11.2 versus 28.9£19.0 cm/s, P=0.0003).
The same was true for the PRF at the common femoral
vein (34.5+4.2 versus 66.0£19.1 mL/s, P=0.011), femo-
ral vein (21.3+34.3 versus 43.8443.2 mL/s, P=0.027)
and popliteal vein (15.0+14.6 versus 20.1+16.9 mL/s,
P=0.016). Once again, the overlap in both the PRV and
PRF was considerable between the two groups and there
was also no significant difference in RT.

Flow volume at peak reflux in mL/s was measured in
the great and small saphenous, and deep veins in 46 pa-
tients (47 legs) with symptomatic varicose veins. Skin
changes were present in 19 legs. A total reflux greater
than 10 mL/s was associated with a high prevalence of
skin changes (66%) irrespective of whether this was in
the superficial or deep veins, whereas reflux less than 10
mL/s was not associated with skin changes.35
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Air Plethysmography (APG®) provides quantitative
measurements of reflux using the venous filling index
(VFI) in mL/s and the venous filling time to 90 % of
the venous volume (VFT90) in sonds. It was shown by
Christopoulos et al. that the VFI increased with increas-
ing severity from control subjects to patients with vari-
cose veins to those with post-thrombotic sequelae.3¢ In
a series of 134 limbs with CVD and C1-C6, the preva-
lence of chronic swelling and skin changes were both
zero if VFI was<3.0 mL/s,12% and 19% when VFI was
3-5 mL/s, 46% and 61% when VFI was 5-10 mL/s and
both 76% when VFI was greater than 10 mL/s.37

VFI was also significantly higher in classes C2-C6
compared with C0-Clin a study of 294 limbs by Nishibe
et al. but they were unable to discriminate the clinical
severity.38 Similarly, the mean+SD [range] of the VFI
in a study by van Bemmelen et a/ was higher in limbs
with ulcers (n=16, 5.4+3.8 mL/s) and dermatitis (n=6,
7.7£4.6 mL/s) compared to those with varicose veins
(n=10, 2.6+1.7 mL/s). The differences were significant
between varicose veins versus ulceration (P=0.003) and
versus dermatitis (P=0.034). However, there was a large
amount of overlap between these groups.?® In a study
by Welkie et al., the VFI increased (P<0.0001) and the
VFT90 decreased (P<0.0001) from control legs (n=94)
to legs with varicose veins and mild swelling (n=109) to
pigmentation with moderately severe swelling (n=67).40
They noted that no additional hemodynamic deteriora-
tion occurred between the skin pigmentation stage and
venous ulceration.

A recent study using APG on 93 con sutive patients/
legs awaiting endovenous treatment confirmed that the
VFT90 decreased with increasing clinical disease.4!
The VFT90 decrease correlated with increasing C
class (r=0.343, P=0.001) and increasing VCSS (0.197,
P=0.05). Interestingly, none of the 25 (26.9%) patients
with a VFT90>25 sonds were among the 17 (18.3%)
patients in categories C4b-C6 or with a VCSS>9. The
authors hypothesised that the VFT90 may represent the
time taken for the anti-gravitational mechanisms in the
leg to fail and concluded that the VFT90 may have dis-
criminatory usefulness in stratifying patients with early
clinical disease.4!

A study on 145 legs by Menéndez-Herrero et al.
identified a significant relationship between worsening
C class and GSV diameter when patients were strati-
fied according to reflux measured with the Valsalva and
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Parana manoeuvers.#2 Correlations (Spearman r) on
clinical severity against GSV diameter (averaged at 3
places).VFI from the database of 100 patients from a re-
cent randomised controlled trial 43 revealed the follow-
ing: C of CEAP against GSV diameter and VFI were r=
0.26 (P=0.009) and r=0.392 (P<0.0005), respectively.
VCSS against GSV diameter and VFI were r=0.219
(P=0.029) and r=0.257 (P=0.01), respectively. Aber-
deen varicose vein questionnaire (AVVQ) against GSV
diameter and VFI were r=0.086 (P=0.394) and r=0.21
(P=0.036), respectively. The lack of a correlation be-
tween GSV diameter and QoL was also confirmed in
another study.44

However, in a recent study in 443 legs there was no
correlation between the venous refill time (VFT) using
photo-plethysmography (PPG) and the AVVQ -0.042
(P=0.606).4> This is not too surprising because APG has
been reported as a better method for evaluating clini-
cally significant venous reflux than PPG.34 In the com-
prehensive longitudinal vein study known as the Bo-
chum study, it was concluded that PPG was not a means
for assessing malfunction in the venous system during
childhood and adolescence 4¢ although a short VFT had
some predictive value in the development of ulceration
ten years later.

The presence of saphenous pulsatile flow has been
shown by one group to be more helpful than the pres-
ence of reflux in discriminating severe disease.#” The
most likely explanation of this pulsatile flow, often seen
in patients with severe CVD when examined in the
standing position, is the result of maximum dilatation of
the arterioles allowing the vis a tergo to manifest itself
on the venous side.

In a detailed study of 182 legs, measurement of GSV
diameter at the proximal thigh 15 cm distal to the groin
(proximal thigh, PT) as compared to measurement at
the SFJ demonstrated higher accuracy and both higher
sensitivity and specificity for venous disease class (C of
CEAP) as well as for prediction of reflux. Of the 182
legs, 60 had no GSV reflux (controls; group I), 51 had
above-knee GSV reflux only (group II) and 71 had GSV
reflux above and below knee (group III). GSV diam-
eters in group I measured 7.5 mm at the SFJ and 3.7
mm at the PT. In groups II and III, they measured 10.9
mm at the SFJ and 6.3 mm at the PT (p<0.001 each).
Measurement at the PT revealed higher sensitivity and
specificity to predict reflux and clinical class: Sensitiv-
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ity to predict reflux was 0.80, specificity was 0.88 at PT.
Sensitivity for clinical Class (C) was 0,78 and specific-
ity was 0.67 at PT (SFJ). Significant correlations were
found with clinical disease classes for the whole sample
(Pearson’s r=0.46-0.54; p<0.001) and for legs with re-
flux alone (Pearson’s r=0.39-0.42, p<0.001). Thus, this
measurement may develop as the preferred surrogate
parameter for specific clinical situations. That study
also revealed that GSV diameter and clinical disease
class did not differ irrespective of whether reflux was
above the knee only or both above and below knee.48
This finding is in disagreement with the belief that the
length of refluxing segment of the GSV has an influence
on disease severity.49: 50

Neglen and Raju studied the morphologic distribu-
tion of venous incompetence (erect duplex ultrasound
and descending venography), results of AVP measure-
ment, venous refilling time, the Valsalva test and air-
plethysmography (venous refilling index, VFI) for cor-
relation with the clinical severity class as defined by the
authors in 118 con sutive limbs (class 0, n=34; class 1,
n=42; class 2, n=11; class 3, n=31).5! There was pure
deep incompetence in 29% of limbs with severe venous
disease (class 2/3), only 6% had pure superficial disease
and the remainder had a combination. A history of previ-
ous thrombosis and the presence of posterior tibial vein
incompetence were markedly common with ulcer dis-
ease (84% and 42%, respectively). The duplex Doppler
ultrasound multisegment score correlated strongly with
clinical severity classification (r=0.97). The venous re-
filling time and VFI had the highest sensitivity in iden-
tifying severe venous disease (class 2/3), and the AVP
had excellent specificity. The authors concluded that for
noninvasive determination of reflux, a combination of
VFI and duplex ultrasound scanning not only localized
reflux but also separated severe from mild clinical vein
disease, with high sensitivity and specificity.

Elevation of venous pressure at
rest and during exercise

Elevation of venous pressure at rest and during exer-
cise is often present in patients presenting with swelling
and venous claudication as a result of severe outflow
obstruction.

Outflow obstruction is always suspected when swell-
ing is the predominant symptom. It may be associated
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with a history of DVT and development of prominent
collateral venous channels in the groin above the pu-
bis or the anterior abdominal wall. Severe outflow ob-
struction is particularly suspected in patients with post-
thrombotic limbs and venous claudication.

Simple leg elevation with the patient supine can pro-
vide an estimate of the resting venous pressure by ob-
serving the height (in cm) of the heel from the heart
level at which the prominent veins in the foot collapse.
During direct femoral vein pressure measurements in
patients with venographic iliofemoral occlusion and
poor pelvic collaterals, the average resting pressure in
the supine position is 5.5+10.5 mmHg higher than the
unobstructed opposite limb. In the presence of good
collateral veins, the gradient between the two limbs was
0.6+1.4 mmHg.>2 The arm-foot pressure differential in
the horizontal position at rest and after reactive hyper-
emia has been explored by Raju.53.54 Four grades of ob-
struction were identified (Chapter 4). In grade IV, the
arm/foot pressure differential was greater than 5 mmHg
(often 15-20) and there was no further increase with re-
active hyperemia. Most limbs with venous claudication
belonged to this group.

During exercise, elevation of the resting pressure in
the dorsal vein of the foot by an average of 22 mmHg
has been found in thrombotic deep vein occlusion in-
volving the femoral vein.55 Increase in venous pressure
at rest and during exercise in patients with venous clau-
dication are associated with increase in intramuscular
pressure.>6

Combined quantitative measurements
of reflux and outflow resistance

As indicated above, attempts to correlate individual
venous hemodynamic measurements with symptoms
and signs of CVD have produced poor or at best mod-
erate results, probably because of lack of methods to
quantitate obstruction. The authors of a recent study
hypothesised that the combination of quantitative mea-
surements of (a) overall reflux (superficial and deep)
and (b) overall outflow resistance i.e. including the col-
lateral circulation would provide a hemodynamic index
that should be related to the severity of the disease.5’
Twenty-five limbs with CVD and one limb from a
healthy volunteer (VCSS 0-13) were studied. The clini-
cal CEAP classification was CO in one limb, C1 in 2
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limbs, C2 in 10 limbs, C3 in 3 limbs, C4 in 1 limb, C5
in 6 limbs and C6 in 3 limbs. Air-plethysmography was
used to measure reflux (VFI in mL/s) when the subject
changed position from horizontal to standing. Subse-
quently, with the subjects horizontal and the foot ele-
vated 25 cm, simultaneous recordings of pressure and
volume were made on release of a proximal thigh cuff
inflated to 70 mmHg. Pressure change was recorded
with a needle in the foot and volume change with air-
plethysmography. Flow (Q in mL/min) was calculated
at intervals of 0.1 sonds from tangents on the volume
outflow curve. Outflow resistance (R) was calculated
at 0.1 sond intervals by dividing pressure by the corre-
sponding flow (R=P/Q). R increased markedly at pres-
sures lower than 30 mmHg due to decrease in vein di-
ameter, so resistance at 30 mmHg (R;,) was used in this
study. In a multivariable linear regression analysis with
VCSS as the dependent variable, both VFI and R;, were
independent predictors (P<0.001). Using the constant
(0.333) and regression coefficients, the regression equa-
tion provided a hemodynamic Index (HI) or estimated
VCSS=0.333+(VFI x 0.44)+(R;,x 158). Thus, HI could
be calculated for every patient by substituting VFI and
R, in the equation. HI or calculated VCSS was linearly
related to the observed VCSS (r=0.83). The results indi-
cate that the combination of quantitative measurements
of reflux and outflow resistance provide a hemodynam-
ic index which is linearly related to the VCSS. These
findings need to be confirmed in a bigger series.

Venous outflow resistance (VOR) is difficult to
measure but attempts have been made using the out-
flow parameter of APG. In a study of 77 legs with
proximal DVT, this could be detected using a cut-off
point of 28% of the outflow (in 1 sond) in 95%. 58
The above evidence suggests that an elevated VOR
is related to clinical severity. Future studies need to
combine this measurement with quantitative measure-
ments of reflux.
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The 7th EVF HOW is returning to Limassol, Cyprus
Advanced courses, EVF HOW Plus,
will continue during 2016
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he first European Venous Forum Hands-on Work-

shop on Venous Disease (EVF HOW) was orga-
nized in 2010 in Larnaca, Cyprus. The format combines
“state-of-the art” presentations providing up-to-date in-
formation of modern practical management of venous
disease, illustrated by case management discussions
and live demonstrations, and, most importantly, hands-
on instruction and training on modern procedures. For
the last 5 years, this combination of learning instruction
has been shown to be successful and was so again at the
6th EVF HOW, which took place in the historic Polish
university city of Krakow 22-24 October, 2015. Each
Workshop is limited to 100 participants. A faculty of
more than 35 ensures an unusual low learner/instructor
ratio (3:1). The impact on the learners was significant.
MCAQ tests performed before and after the meeting had
an 86% response rate and the average correct result was
substantially increased (35%). The Workshop would in-
fluence and change the almost all (91%) learners’ clini-
cal practice in the future. This success could not have
been sustained through the years without the support of
dedicated faculty members and the strong commitment
of industry partners. The format will be continuously re-
fined as we develop the 7th EVF HOW, which is planned
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to return on 27-29 October to Limassol, Cyprus in 2016.
More than 700 physicians, including the 6t Workshop
and the satellite mini - EVF HOW in Georgia 2014,
have now completed the course, so EVF HOW is step-
by-step expanding knowledge of venous disease and its
clinical management in Europe.

EVF HOW Plus courses in Modena

During EVF HOW workshop, learners frequently
have asked for the possibility to receive more in-depth
instruction about the details of various procedures in
clinical practice. Therefore, the advanced EVF HOW
Plus courses were created to offer an opportunity to im-
prove various skill sets for venous therapists. The main
objective of these in depth mini-courses is to ensure that
the learner has sufficient skills to initiate the use of a
procedure by providing detailed knowledge, simulator
training and preceptorship in a clinical setting. Most
courses are only 2 days with only 4-10 persons attend-
ing (depending on the procedure) and should give the
possibility to join at the interventional/surgical table.
For more information of future courses, see www.evf-

vip.com.
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Figure 3.—Prof. Maleti discussing technique.

The first EVF HOW Plus courses were introduced
during 2015. It was under the leadership of Dr. Marzia
Lugli on “Stenting of the Iliofemoral Venous Outflow”.
It took place at Hesperia Hospital in Modena, Italy 23-
24 April 2015. Four carefully selected learners with
sufficient basic catheter skills attended. The morning of
the first day was spent discussing the nature of venous
obstruction, physiology, diagnosis and patient selection.
The basic necessary equipment to perform the stenting
procedure was laid out followed by detailed descrip-
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Figure 4.—Did my first venous repair!

tions of different stent designs and inherit properties,
and detailed step-by-step stenting techniques. These
techniques were then attempted on simulators. Further
lively discussion took place over pre-recorded proce-
dures. The day ended by introducing the history, find-
ings on examination and investigations of the four cases
scheduled for the next day. They included non-throm-
botic and postthrombotic cases as well as a case with
in-stent re-stenosis. The following day all learners were
early in the interventional room, one scrubbed with Dr.
Lugli for each of the cases. The entire day was spent
performing procedures with stimulating discussions be-
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Figure 5.

Figure 7.—Workshop 1: Station 4.

—\\

Figure 8.—Workshop 2: Station 1.

tween the cases. The skill course was highly appreciated
with many positive comments such as.... “The intraop-
erative hands-on sessions with the most competent doc-
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Figure 6.—Workshop 1: Station 1.

tors in the world gives a lot of practical skills” ... " The
importance of detailed approach, planning and per-
forming of stenting was my take-home message”.

The Second EVF HOW Plus course on “Deep valve
repair” was again organized in Modena, Italy, 4-5 May
2015, this time directed by Professor Oscar Maleti. Four
well experienced vascular surgeons were selected to
participate. A comprehensive stimulating program was
presented during the first morning including discussions
on topics such as:

— The venous practice — a collaborative approach
with a multi-disciplinary team

— Patient selection

— Peri-operative management

— Essential equipment

— Description of alternative techniques in detail and
when they are suitable

— Management of complications

— Pre-recorded procedures.
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Figure 11.—Workshop 3: Station 4.

After lunch the first day and all through the second
day instruction was moved to the operating room.
Four procedures were performed after being properly
introduced: An internal valvuloplasty, a neo-valve
construction, a transposition, and a neo-valve con-
struction. The learners were all the time allowed into
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Figure 10.—Workshop 3: Station 2.

Figure 12.—Workshop 4: Station 1.

the operating room. At each case two learners were
scrubbed and assisted in the procedure with lively in-
teraction.
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Figure 15.—Workshop 5: Station 3.

In between the cases presentations on “Reflux in pri-
mary deep insufficiency — tips and tricks”, and ”Reflux
in postthrombotic syndrome — tips and tricks” were
made and discussed. The day was ended by a wrap-up
discussion before adjournment of the course. The course
was highly appreciated with positive comments such as

Figure 16.—Workshop 6: Station 2.

..... ” Excellent overview of different techniques”... "The

live cases were fantastic, especially for those who were Professor Maleti and Dr. Lugli are to be congratu-
scrubbed”.... “Great info how to start up a deep venous lated for creating an extraordinary teaching environ-
practice at the home hospital”. ment of warm hospitality, friendly atmosphere and ex-
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Figure 19.—Prof. Andrew Nicolaides

cellent interaction with generous share of knowledge.
The organization at Hesperia hospital was excellent
with friendly and helpful reception from the staff. Fre-
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Figure 18.—Prof. Hugo Partsch.

quent coffee breaks, good lunches and a memorable
dinner kept the spirit high. At the end of these courses,
the learners were all stimulated and convinced that they
would return home to apply their new knowledge and
create true venous centers to cater for patients with deep
venous problems.

EVF HOW Format

The EVF HOW mission statement is ”Education and
hands-on practice for the benefit of patients with venous
disease”. The goal is to provide understanding of mod-
ern practical management of venous disease and hands-
on training of modern procedures. An integral partner
in this effort is the providers of different devices, scle-
rosing agents, stockings, bandages, ulcer care materi-
als, ultrasound machines etc. The objectives of the EVF
HOW are impossible to fulfill without this partnership.
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Figure 20.—Prof. Joe Caprini.

The instruction of learning has from the start been struc-
tured on a few principles, which are important for the
success of the Workshop:

— the number of learners is limited to 100 to facili-
tate interaction between instructors and delegates and
thus the faculty/learner ratio is high — 1/3

— the hands-on sessions are largely truly hands-on
for the delegates, not small lectures or only a demon-
stration of procedures

— all learning sessions are informal in a relaxed set-
ting to allow uninhibited communication between del-
egates, faculty members and industry representatives

— plenty of time is set aside for discussion with the
greatest interaction occurring at the workshop stations

— the learners are encouraged to bring their own
cases for presentation and discussion

— there is no exhibition or parallel activity.

The format of the EVF HOW in 2016 will be similar
to previous years including formal lectures, case dis-
cussions and live demonstrations on duplex scanning
covering acute and chronic venous diseases. The focus
will be on hands-on training on procedures and devic-
es. Faculty members in collaboration with the industry
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Figure 21.—Prof. Bo Eklof and Michel Perrin.

experts will instruct at 20-24 workshop stations. The
delegates will attend each workshop station during 30
min in small groups (4-5 delegates), giving each par-
ticipant time to try out devices, practicing bandages
etc.

Learning Enhanced by Associated Website

In 2013 the EVF HOW website was introduced.
This is a web-based password-protected portfolio. Each
learner participating in the EVF HOW has access to the
presentations, important references and guidelines, case
reports for discussion, videos of procedures supplemen-
tary information about the workshop stations and other
study material. Access is available for one year after the
Workshop. This gives the learners a possibility to go back
and reinforce and enhance their learning experience. Ad-
ditional material will be added during this year. The re-
sponse has been very positive from the learners and the
website is increasingly used. Most learners (80%) used
the website before the start of the Workshop and as many
as 85% accessed it during the Workshop, 94% of these up
to 30 visits. All participants fully or partially agreed that
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the EVF VIP was a valuable supporting tool especially by
giving access to the presentations on-line, having refer-
ences and guidelines in pdf format available, and to be
able to return to posted video material.

A Report from 6t EVF HOW in
Krakow, Poland, 2015

The 6th EVF HOW took place at Holiday Inn Hotel
in Krakow, Poland, 22-24 October, 2015. This facility
was excellent for our needs. Dr. Tomasz Urbanek and his
local team had worked hard to make excellent local ar-
rangements and provided excellent patients for the train-
ing. The primary reason for attendance by the majority
of learners was to update overall knowledge about ve-
nous disease and its treatment (80%). In an assessment
after the course, the overwhelming majority of the del-
egates indicated that these goals were achieved (94%).
The learners felt the workshop stations achieved all or
most stated goals between 93-100% at each station. Their
over-all expectations were met in 94% and the Workshop
would change their practice in the future (91%).

More than half of the delegates were vascular surgeons
(58%) followed by other specialties such as general sur-
gery (16%), angiology (6%), phlebology (4%), interven-
tional radiology, angiology, cardiology and cardiovascular
surgery. Although the majority of learners came from Eu-
rope (86%), other countries and continents were represent-
ed as previous year (Middle East 6%, and delegates from
USA, Kenya, Australia, China and India).

The Program of EVF HOW 2015

The instruction at the 6th Hands-on Workshop on Ve-
nous Disease, 2015, was provided by an international
faculty with 35 experts from Europe and the USA. They
did not only give presentations, but also actively dis-
cussed case presentations and were an integral part of
the workshop giving practical tips and tricks from their
own experience. The clinical input by the faculty mem-
bers balanced well the specific device information pre-
sented by the industry representatives.

Presentations and Live Demonstrations

The presentations spanned the following subjects:
— Basic principles of venous pathophysiology; accu-
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racy of tests; and classification and assessment of treat-
ment outcome

— Treatment of varicose veins conservatively
with drugs and compression; with invasive proce-
dures such as open surgery or saphenous ablation
with laser, radiofrequency, foam sclerotherapy, and
pharmaco-mechanical means; and with techniques
preserving the saphenous vein. After intense discus-
sion, Professor Marianne Maeseneer tried to make
sense of it all. The controversies of the perforators
were elucidated, interventions for recurrent or resid-
ual varicose veins (PREVAIT — Presences of varices
after intervention) and pelvic congestive syndrome
(PCS) were debated.

— Guidelines for prevention and treatment of venous
thrombo-embolism (VTE) and superficial thrombophle-
bitis (SVT).

— Treatment of acute VTE with traditional conser-
vative measures, new oral anticoagulants, catheter-di-
rected thrombolysis and pharmaco-mechanical throm-
bectomy was described and outcome presented; and the
role of IVC filters presented.

— Diagnosis and treatment of chronic venous insuf-
ficiency using a sequential treatment plan was presented
including compression treatment; the role of fasciotomy
in legs with increased compartment pressure; treatment
of deep venous obstruction; and the role of valve recon-
struction in limbs with primary deep venous reflux or
postthrombotic disease.

Two live demonstration of duplex ultrasound scan-
ning (DUS) were performed to show the optimal inves-
tigation of patients with suspicion of acute DVT and
with chronic venous disease, later to be practiced during
the DUS workshop stations.

Award for the Best Case Report

The number of case discussions increase every year
and is a popular part of the Workshop. This year a wide
range of 28 cases were presented illustrating the pre-
viously given lectures: From varicose veins to acute
iliofemoral DVT; from chronic outflow obstruction to
ovarian venous reflux. Eight cases brought by the learn-
ers were accepted for discussion and the remaining pro-
vided by the faculty. To encourage the learners to bring
their own cases, the registration fee is reimbursed for the
participant having the best presentation. The prize was
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awarded this year to Dr. G.F. Gjerdalen for “4 Trouble-
some Case of Postthrombotic Syndrome”. Each case
was presented in stages and the moderator encouraged
the faculty and learners to join in at all stages, which
lead to lively discussions.

Hands-on workshops

As previously emphasized, this component of the
EVF HOW is the most important. The function of the
device or the method presented at each workshop sta-
tion was explained in detail by the industry expert. Its
role in the treatment of venous disease and personal
clinical tips and tricks were highlighted by the faculty
member. Each learner trained hands-on under expert su-
pervision after a short demonstration.

Workshop 1

Station 1: Leg ulcer care. The learner practiced choice
and application of the appropriate wound dressing for a
venous ulcer and how to measure a leg and apply the
appropriate compression stocking. (BSN/Jobst; faculty:
Sylvain Chastanet)

Station 2: Laser saphenous ablation. After longitudi-
nal and transverse access to the vein under ultrasound
guidance, saphenous laser ablation was practiced on a
phantom leg using a radial fibre with a 1470 nm laser
generator. Tips and tricks were pointed out and how to
decide the dosage of energy was practiced. (Biolitec;
faculty: Athanasios Giannoukas)

Station 3: Foam sclerotherapy. Different treatment
plans will be discussed depending on the findings after
mapping of the superficial reflux disease by duplex ul-
trasound scanning (DUS). Foam was made using STD
and DUS-guided cannulation and injection of foam was
performed on a phantom. (STD Pharmaceutical; facul-
ty: Bernhard Partsch)

Station 4: Intravascular Ultrasound (IVUS). The
learners familiarized themselves with the IVUS tower
and the corresponding catheters. Case studies of proce-
dures using IVUS video-loop recordings were reviewed
to demonstrate differences in venogram and IVUS im-
ages during treatment of patients with obstruction. Each
learner practiced image interpretation using an anatomi-
cal model, including how to identify the vessel lumen,
locate side branch or collateral vessels, identify stenosis
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and assess completeness of treatment. (Volcano; facul-
ty: Stephen Black)

Workshop 2

Station 1: Percutaneous Thrombectomy. The particu-
lars of the AngioJet Thrombectomy System were demon-
strated and a catheter in operation was shown in a trans-
parent tube filled with artificial thrombus. Each learner
then practiced the application of PowerPulse spraying of
lytic agents into a clot followed by rheolytic thrombec-
tomy. (Boston Scientific; faculty: Haraldur Bjarnason)

Station 2: Acoustic Pulse Thrombolysis. The setup
of ultrasound-enhanced thrombolysis system was prac-
tised. Patient selection for this device and its mechanism
was discussed. (BTG-EKOS; faculty: Julien Hague,
Niels Baekgaard)

Station 3: Foam sclerotherapy. The learner practiced
how to produce foam with Aethoxysklerol® and the
EasyFoam® Kit. Cannulation of larger veins and the in-
jection of tiny spider veins was practiced on phantoms
using ultrasound or the portable vein finder Veinlite
LED®. Tips and tricks for optimal results were pointed
out. (Kreussler; faculty: Tomasz Urbanek)

Station 4: Valve Repair. Different techniques for deep
valve repairs was demonstrated and illustrated by de-
tailed video. Selection of patients and technical tips and
tricks were discussed. (faculty: Antonio Rosales/Michel
Perrin)

Workshop 3

Station 1: Medical adhesive ablation. The VenaS-
eal™ procedure, its unique attributes and placement
were briefly introduced. The learners practiced DUS-
guided access of a saphenous vein in a model and to
accurately place the catheter tip at the sapheno-femoral
confluence and position the catheter in a leg simulator.
(Medtronic; faculty: Carl Henrik Schelp)

Station 2: IVC filter: The learners practiced place-
ment of a Cook filter (jugular and femoral) using the Na-
vAlign™ delivery system available on Celect®Platinum
and Giinther Tulip® Vena Cava Filters in a tube model.
(Cook Medical; faculty: Piotr Klopotowski)

Station 3: Venous stenting. The learners practiced de-
ployment of a Wallstent in a tubular model at the IVC
confluence and distally in the iliofemoral vein. The spe-
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cific properties of a braided stent were demonstrated.
(Boston Scientific; faculty: Stelios Papas)

Station 4: Mechanical thrombectomy catheter. Learn-
er practiced insertion and use of the Straub Medical As-
pirex® S thrombectomy catheters in a model with ve-
nous thrombotic occlusion. The insertion of the Straub
Medical Capturex® peri-interventional filter catheter
was demonstrated. (Straub Medical; faculty: Thomas
Heller)

Workshop 4

Station 1: Venous stenting. The placement of the
VICI VENOUS STENT® was practiced by each learner
in a specially designed venous tubular model replicat-
ing the ilio-caval vein segment. (Veniti; faculty: Mi-
chael Lichtenberg)

Station 2: Stocking. The learners practiced to choose a
correct medical compression stocking (MCS) by meas-
urement and applying long- and short-stretched MCS
with and without fitting aid and measuring the working
pressure with these stockings on using a Picopress de-
vice. (Bauerfeind; faculty: Olle Nelzén)

Station 3: Cryo ablation. The newest cryosurgical de-
vice CRYO-S ELECTRIC II with wide range of cryo-
probes was demonstrated. Then the learners had the op-
portunity to use the cryosurgical techniques on a model.
(Metrum Cryoflex; Faculty: Zbigniew Rybak)

Station 4: AngioVac thrombectomy system. The
learners were demonstrated the Angiodynamics Angio-
Vac concept and its potential application in the venous
vasculature system. Its use was illustrated by clinical
case studies. (Angiodynamics; faculty: Christoph Pott)

Workshop 5

Station 1: IVC filter. The unique features of the Crux®
Vena Cava Filter was demonstrated. Each learner then
practices insertion and retrieval of the filter in a tube
model. (Volcano; faculty: Rickard Nyman)

Station 2: Bandage. Strong short-stretch compres-
sion bandage was applied by each learner on each other,
sub-bandage pressure measurements were monitored,
and the learners were made aware of what a correctly
applied bandage on their own leg feels like. (Lohmann
& Rauscher; faculty: Joseph Caprini/Hugo Partsch)

Station 3: RF saphenous ablation. Saphenous radiof-
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requency ablation using the ClosureFast™ catheter was
practiced by the learner including how to accurately
place the catheter tip at the sapheno-femoral confluence
and to sequentially position the catheter in a leg simula-
tor. (Medtronic; faculty: Jan Christenson/Marianne De
Maeseneer)

Station 4: Inelastic compression. The concept of me-
di-Circaid inelastic compression device was explained
and the device applied by each learner. (medi; faculty:
Andy Holman/Maria Nothaft)

Workshop 6 — Duplex Ultrasound Scanning

The learners performed live imaging in patients with
different types of vein pathologies. Dr. Tomasz Urbanek
and colleagues had collected numerous patients from
his practice, well representing a variety of disease. The
aim was twofold. After this workshop, firstly the learner
should be able to position the patient properly, use ap-
propriate transducers, know imaging principles and op-
timize the image; secondly learners should to be able to
identify acute and chronic disease, reflux, obstruction,
and pathology surrounding the vessels.

Station 1: Lower limb with normal findings. (Esaote/
Kosmed; faculty Lena Blomgren/Tomasz Zubilewicz)

Station 2: Abdominal and pelvic vein investigation.
(Mindray; faculty: Maura Griffin/Tomasz Kleszczyn-
ski)

Station 3: Lower limb with superficial reflux. (Sie-
mens; faculty: Wojciech Skibinski/Niki Giorgio)

Station 4: Lower limb with deep incompetence.
(Toshiba; faculty: Anders Thurin/Maciej Tochowicz)

Impact of EVF HOW

The 6t EVF HOW 2015 was much appreciated by
the delegates, faculty members and industry represen-
tatives. They all greatly enjoyed the learning sessions
because of the informal close interaction. Over 90% of
learners reported that the Workshop would change their
practice in the future. In addition, a pre- and post-MCQ
test was performed and showed that 92% of the learn-
ers improved their scores by a median of 53% (range:
4-533%). These results clearly indicate that the Work-
shop had the intended impact on learning and are simi-
lar to those achieved during previous Workshops. Com-
ments were overall very positive by the learners such
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as.. facilities were very good, ...organization worked
perfectly; ...a good overview of whats out there and
how other people do it,.. excellent chance to ask all the
experts special questions, a better understanding of
venous disease; ....excellent lectures accompanied by
hands on workshop which reinforced the learning; ...
the best thing was to meet “gurus’”/ true professionals
live; ...the names behind the literature got faces/per-
sonality (see below).

Future Events

70 EVF HOW

The 7 EVF HOW will return to Limassol, Cyprus
on 27-29 October, 2016. It will have similar structure as
outlined above and be limited to 3 days and require full
attendance every day. If a participant wants to include
some exploration of Limassol and its surroundings, we

NEGLEN

suggest that they spend additional time before or after
the workshop. There will be no sightseeing arranged
and no program for accompanying persons. The orga-
nizers hope to further improve the quality of the content
taking into account constructive criticism by previous
learners. Previous we have failed to have a majority of
the case reports to be brought by the learners, but hope
that the enticement to have the registration fee reim-
bursed for the learner with the best case presentation
will change this.

EVF HOW Plus

During 2016, EVF HOW intends to expand and pro-
vide additional advanced courses to improve the skill
sets of venous therapists. Courses in venous stenting,
deep valve repair, ulcer care and advanced venous du-
plex ultrasound scanning are already in the pipeline.
More information will be posted on the EVF VIP site
(www,evivip.com).

Article first published online: March 18, 2016. - Manuscript accepted: March 11, 2016. - Manuscript received: March 8, 2016.

Vol. 35 - No. 3

INTERNATIONAL ANGIOLOGY

363



	COP INT ANG 3 2016
	INT ANG FRONTE 2016
	NORME INT ANG INGL NUOVE
	01-17th EVF Promo A4 Registration Open
	02-2016 Flier 1 Save-the date v 1
	03-2016 Plus Flier stent course
	04-2016 Plus Flier valve course
	UIP consensus

