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Editorial Lines

Non-animal experiments

Many scientific journals deal with animal experiments, but just a few of them face the hard problem of animal replacing
or sacrifice/suffer reducing or minimizing, together with the related ethical and legal topics.

Since the 1% issue, the Journal of Theoretical and Applied Vascular Research (JTAVR) hosted papers devoted to the
methodology for non-animal experiments. JTAVR is open to the discussion about the controversies inside the community of
biomedical researchers, i.e. between peoplewho use animal s as an unavoidabl e experimental tool and otherswhich onthecontrary
point to different research methods.

However, a-priori positions pro or contra total animal replacement in biomedical research do not correspond at all to
reality, because the solution is anchored to the ground, it is context dependent and is hidden behind a detailed study of the
experiments, aimed to provide areliable response.

An answer which must not be black or white and must consider instead any involved methodological detail. In addition,
there is the strong hope that many actions which were never done will be successful instead in the next future. For instance,
consider the unexpected new frontier which in the last years turned up in the field of the organ-on-a-chip technology.

Maybe, not so far in the future, this contra opposition will be seen just as a nonsense.
History and Philosophy of Science

Working
Basic Sciences, Biology and Medicine

The Journal of Theoretical and Applied Vascular Research (JTAVR) aims at gathering contributes to vascular research,
coming from biology, medicine, surgery and basic sciences like physics, fluid dynamics and bioengineering as well as
biochemistry and genetics.

A special attention is given to the cultural aspects behind medical daily work, like experimental designs, models,
epistemology, philosophy and history.

This inter-disciplinary approach uses a wider eye/chakra, placing side by side topics which generaly could never go
together in medical journals, with the hope that it will succeed in producing new interesting fruits in research.

Editor
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The Journal of Theoretical and Applied Vascular
Research (JTAVR) publishes scientific papers on vascular
diseases, biological research, history and philosophy of
science.

your ARTICLE

Manuscripts are expected to comply with the
instructions to authors which conform to the Uniform
Reguirements for Manuscripts Submitted to Biomedical
Editors by the International Committee of Medical Journal

Editors (www.icmje.org/).
Submission of manuscripts

Papers should be submitted directly online to the
Editorial Office at the Fondazione Vasculab ONLUS
website: www.vasculab.eu/jtavr/submissions.htm

The journal adheres to the principles of the Helsinki
Declaration  (http://history.nih.gov/research/downloads/
helsinki.pdf) about research concerning human beings and
to the International Guiding Principles for Biomedical
Research Involving Animals (http://cioms.ch/publications/
guidelines/1985 _texts of guidelines.htm) recommended
by the WHO. In addition, the journal strongly supports
alternative non-animal experiments, in order to Replace,
Reduce and Refine (3Rs) animal experimental designs.

For complete information about publication terms
please contact the Editorial Office of JTAVR, Fondazione
Vasculab impresa socide ONLUS, via Francesco
Cilea 280 Italy - Phone +39-081-7144110 - E-mail:
jtavr@vasculab.eu.

Open Access Publication

All manuscripts submitted to JTAVR are assumed to be
submitted under the Open Access publishing model. In this publishing
model, papers are peer-reviewed in the norma way under editorial
control. Submission and reviewing process are not charged. When a
paper is accepted for publication the author is issued with an invoice
for payment of a publication processing fee (see www.vasculab.eu/
jtavr.xml). Payment of thischargeallows JTAV R to recover itseditorial
and production costs and create a pool of funds that can be used to
providefeewaiversfor selected authors, for instancefor invited authors,
authors of papers on history and philosophy of science and for authors
from lesser developed countries (see below).

Free download

Published papers appear electronically and are freely available
from our website. Authors may also use their published .pdf's for any
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INSTRUCTIONS TO AUTHORS

non-commercial use on their personal or non-commercial institution's
website.

Commercial use

No articles from the JTAVR website may be reproduced, in any
media or format, or linked to for any commercia purpose (eg. product
support, etc) without the prior written consent of JTAVR and payment
to JTAVR of an appropriate fee.

Publication fees

Initial publications of JTAVR (up to presumably one year) are
free of charge for invited Authors and for the members or supporters
of the Vasculab Foundation. For the Vasculab Foundation membership
see www.vasculab.eu.

Articletypes

Editorias, original articles, review articles, systematic reviews
and meta-analyses, randomised controlled trials, research protocols,
original case reports, case series, therapeutical notes, clinical images,
clinical videos, letters to the Editor, guidelines, special articles (like
history and philosophy of science), invited sessions, reprints of
historical papers of actua interest.

In order to submit an article online, follow the step by step
instructions at www.vascul ab.eu/jtavr/submissions.htm

Preparation of manuscripts

Footnotes or endnotes

JTAVR does not encourage the use of footnotes. Generally, they
are not used in medica journals, but they are tolerated, especialy in
articles in the field of history and philosophy. Footnotes or endnotes
must be quoted in Low Caps Romansin rectangular brackets (example:

[iv] and cited asV]).

References

- Only cited references can beincluded in the bibliography. They
must be numbered in Arabic numerals, in the exact sequence as they
arefirdtly cited (example: "1)").

- Bibliographical entries in the text should be quoted using
superscripted Arabic numerals (cited asl).

- References must be set out in the standard format approved
by the International Committee of Medical Journal Editors (ICMJE),
as described in the document Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly work in Medical
Journals http://www.icmje.org/icmje-recommendations.pdf.

A simplified but comprehensive list
www.nlm.nih.gov/bsd/uniform_reguirements.html.

is given in

Citation examples

Standard journal article
List the first six authors followed by et a.

Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation in HIV-
infected patients. N Engl JMed. 2002 Jul 25;347(4):284-7.

Asan option, if ajournal carries continuous pagination throughout avolume
(as many medical journals do) the month and issue number may be omitted.
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Halpern SD, Ubel PA, Caplan AL. Solid-organ transplantation in HIV-
infected patients. N Engl J Med. 2002;347:284-7.

Books and Monographs

Author (s) and editor (s)

Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd ed. Wieczorek
RR, editor. White Plains (NY): March of Dimes Education Services; 2001.

Chapter in a book

Meltzer PS, Kallioniemi A, Trent JM. Chromosome alterations in human
solid tumors. In: Vogelstein B, Kinzler KW, editors. The genetic basis of human
cancer. New Y ork: McGraw-Hill; 2002. p. 93-113.

Electronic materials

Homepage/Web site

Cancer-Pain.org [Internet]. New York: Association of Cancer
Online Resources, Inc.; c2000-01 [updated 2002 May 16; cited 2002
Jul 9]. Available from: http://www.cancer-pain.org/.

Vasculab mailing list

Provided you know the number '# of the message, the format of the citation
here follows, where the date of the last access is required (following the Vancouver
style) and the symbol ‘# must be replaced with the effective number of the message:

Author(s) name(s). Vasculab Yahoo Groups. The Vascular
List. Message '#. https://it.groups.yahoo.com/neo/groups/vascul ab/conversations/
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messages/# Accessed on line on ‘date of last access. A (free) subscription to Vasculab
isrequired.

Historical monographs

Theformat will be specified in next future.

File of tables

Each table should be submitted as a separate file. Formats accepted are .doc
and .rtf. Each table must be 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 PNG. Figures
should be numbered in Arabic numeralsand accompanied by therelevant title. Figures
should be referenced in the text sequentially.

Histological photographs should aways be accompanied by the
magnification ratio and the staining method.

Color illustrations

Open Access papers appear electronically. As no printed issues of JTAVR
are produced there are NO additiona charges for color illustrations.

However consider that many people will print them in black and white. Thus

for abetter result in communicating your data, test also the black and white printing
when choosing colors.
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HUMAN-ANIMAL INTERACTION

A Vitale - Small misunderstandings among us animals

BOOK REVIEW

Small misunderstandings among us animals

Review of the book by LisaVozza & Giorgio Vallortigara

A Vitale!
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When | was in Scotland for my PhD course, my
supervisor told me once that what was interesting in
comparative ecology and ethology was not the differences
among different species, but the similarities. Similarities
were more interesting, because they would potentially shed
some light on significant evolutionary mechanisms. He
was obviously right but differences, although perhaps more
expected and less challenging, can be source of great
interest and fascination too. One of my main interestsisthe
behavior of non-human primates. Most of the times, when
| am interviewed, the classical question “how similar are
monkeys to us?’ comes up sooner or later. It seems that
we have this urge to understand other animals in terms of
similarities/differences with us, humans, the supreme meter
of zoological comparison (some could say: “and what other
paradigm could we use?’). Are they intelligent like us? Do
they fedl like us? Do they suffer like us?

Obviousdly, the answers to these questions, even if
some of us would consider them just inappropriate, are
related to the knowledge we have of the other species
with which we share (and sometime destroy) the planet we
live in. And what we know about the other animals? Do
we understand why they are doing what they are doing?
Therefore, the question of similarity versus difference
between us and the other animalsisan old one. However, it
still maintains all of its fascination and relevance, because
it sits at very heart of what we understand as evolutionary
process in Darwinian terms. And it is not al. It aso
concernsthe way we see animals, the way we describe them
and the way we interact with them.

Vasculab

The issues of what distinguish us from other
animals, but more what we really know about them,
are central points, among others, of this little and agile

book written by Lisa Vozza and Giorgio VaIIortigaral.
The two authors are well known, both in their respective
professional environment, being Vozza the Scientific
Officer of the Italian Association for Research on
Cancer, and Valortigara a well-known and very respected
neuroscientist. Furthermore, they are both authors of
popular books which explain in simple and clear terms
scientific topics to the general public. The present book
is no exception. The continuum between the humans and
the other animals is illustrated with a series of little
delicious scenarios, which range from the ability to count of
chimpanzees to the incredible spatial memory of the scrub

jays.

To discuss how we réelate to the other animals one
of the starting points is anthropomorphism, the tendency
to provide animals with feelings and motivations typical
of us humans (it is a tendency that dogs owners, like
me, sometimes find incredibly difficult to resist, | must
admit...). The authors, athough they warn us against
the comfort anthropomorphism offers us in making us
believe that we do understand other animals' motivations,
do not completely deny its possible value. As matter of
fact, anthropomorphism suggests interpretations of animal
behavior that can be verified with controlled experiments.
In my personal experience, to attribute human emotionsand
feelingsto non-human animals can be away to identify real
problems related to the welfare of animals closeto us. This
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is particularly true for dedicated and empathic technicians
working with captive animalsin research laboratories.

But the one of the main points of the authors is
also to give the lie to some of the beliefs we have about
other animals. The cover of the book already offers a good
example. The sweet koala tenderly embracing the trunk of
atree appear to us like afluffy and irresistible lazy animal;
not really: the temperature of its environment is very high,
K oalas cannot sweat, so they needsto embrace atree which
helps them to cool down.

The book is organized in a series of brief and reader-
friendly chapters, each one dedicated to a particular theme,
mainly related to animal behavior, and for each topic there
is alist of suggested readings. Through the ten chapters,
a series of false beliefs about animals are revealed and
clarified, with the help of researcherswho have approached
aparticular ethological question. Thereis also no shamein
saying that certain aspects of other animals' lives are just
still mysterious to us. Do we really have away to describe
what intelligence is for a species different from ours, for
example? | do agree with what Vallortigara and V ozza say
in this respect: al of the animals are intelligent, and their
intelligence is strictly related to the ecological and social
environment in which they have evolved and developed.
The same goes for other characteristics, such as vision and
other physical and cognitive skills. In this argument we
can find the idea that evolution is not directional, does not
have an aim to go from |ess complex to more complex, that
complexity is of relative importance in term of evolution
and that, surely, we humans are not on the top of an
hypothetical evolutionary pyramid.

What about conscience? This is redly a dlippery
topic. | am very tempted to agree with a quotation the
two authors use to discuss the nature of conscience: “It
is something us humans invented to feel important”. The
literature about conscience in non-human speciesis as vast
as heterogeneous, and it reflects the fact that it is nearly
impossible to measure in a scientific and objective way
something that is very personal and subjective. We have
difficulties in talking about conscience among ourselves,
who can directly express what we feel? Can we imagine
asking a bat? | agree with the authors' claim that the
moral relevance of a particular animal has very little to
do with its cognitive abilities. This leads me to say that
the respect for the other animals must not depend on
their “intelligence” (whatever that means...), and looking
for similarities with humans is not the way to attribute a
particular moral statusto a particular animal.

The last chapter is dedicated to an issue very close
to my heart, that is, the use of animals in biomedical and
toxicological experiments. The authors' approach to the

,A\ Vasculab
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issue in a very sensitive way, especialy in the case of
Vallortigara's experience. To scream against or in favor
of animal experiments does not help to understand the
complexity of this practice and, surely, does not help the
animals that are still used in research laboratories. The
authors are very honest in claiming that they simply don’t
know if it isright or wrong to use animals for research, and
suggest finding an acceptable shade of grey. | agree and
have no reason to doubt the truthfulness of the argument “|
would prefer doing it another way”, and | also agree with
the affirmation that the evolution of the norms protecting
the animals used in research laboratories has to do with
the pressure exercised by animal lovers. | think that the
author’s approach set an example to be followed. Thereis
aneed for the scientific community to speak out about their
research using animal models. What are their motivations?
How do they solve the ethical problems related to animal
experimentation? Openness of thiskind can really improve
the discussion about animal experiments, discussion which
suffers in a chronic way of poor theoretical argumentation
from both sides.

Piccoli equivoci
tra n0| animali

uri di capirci con le altre

]
s

specie’

Siamo sic

Small misunder standings among us animals, by Lisa Vozza
& Giorgio Vallortigara.
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Another point | am personally fascinated with is
the different treatment we reserve to the same animal,
depending on the context. | always thought that, in a way
or another, we “create” the animals we deal with: we do
not really understand the other animals, we have a vague
idea of what they think and what they feel. Therefore, it
is very appropriate the choice to illustrate, towards the end
of the book, five different scenarios with the ferrets as
protagonists. In one case, for example, aferret is welcome
in a house, adopted as a pet, given a name. In another
case, the ferret has found a place to stay in the space
between the last floor and the roof of a house: the owners
will use any possible way (traps, poisons...) to get rid of
the animal, with little concern for its welfare. Something
completely different happens in a research laboratory,
wheretheferret isused asamodel to better understand how
to prevent and cure an infectious disease. In this case the
animals are eliminated at the end of the study (although not
always), but before reaching that point, they are treated with
the most possible respect for their well-being, following
the indications of European and local norms and animal
experimentation. Completely different situations, but the
speciesis exactly the same. It suggeststhat our relationship
with other species is very ambiguous indeed.

Thisbook can easily be an interesting and stimulating
companion, to be read al at once in few hours, or to
be enjoyed reading a chapter here and there, as each

References
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2015.
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one of them can stand on its own, and little summaries
of the main points are provided. At the very end we
can find two very useful sections: “13 false beliefs on
animals’, and “Probably you did not know...”. Here the
study of animal behaviour does not want to spoil the bond
we think we can create with the other animals, finding
aseptic scientific explanations of their behaviours, Instead
it isjust the opposite: a more objective approach, looking
for mechanisms, applying the Occam’s razor (consider
first the simpler explanations for a particular behavioural
phenomenon), can help us to discover real wonders of the
other species’ variability and ethological richness. Re-think
the false beliefs with the help of a bit of science does not
have to a defeat for the love and respect we have for the
other animals.

The message | get from this reader-friendly book,
is that both differences and similarities are relevant for
the consideration we must have of the other species.
Similarities can make us smile and feel closer to the
other species, especially when we can detect similaritiesin
emotions. However, differences are asource of surpriseand
admiration for something different from us, and the respect
for differencesis the name of the game.

Augusto Vitale
Center for Behavioural Sciences and Mental Health

Istituto Superiore di Sanita
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Abstract The article addresses the significance of
the parameter gjection fraction for evaluating therapeutic
outcomes in varicose vein disease. Whereas in cardiology
the gjection fraction is an excellent indicator of cardiac
insufficiency, its validity for evaluating results after
treatment of varicose veins is limited. This is because of
the quite different situation in the heart and in varicose
vein disease. Whereas the enlarged end-diastolic volume
of the left ventricle is the consequence of decreased heart
contractility, the amount of venous volume contained in
varicose veins and the contractility of the calf musculature
are not interrelated. Consequently, reduction of venous
volume occurring after treatment of varicose veins fakes
improved caf muscle performance; therefore, gection
fraction is an unsuitable parameter for evaluating results
after varicose vein treatment.

Keywords gection fraction; varicose veins, venous
volume; saphenous reflux; venous hemodynamics.

The parameter gection fraction provided by air
plethysmography has been used for evaluation of calf
pump performance resulting from the treatment of varicose

veins'; it was borrowed from cardiology. In cardiology,
it is the fraction between the gected volume and the
end-diastolic volume of the left ventricle; the normal
value ranges from 55% to 70%. Heart insufficiency
is characterized both by the dilatation of the left
ventricle inducing enlarged end-diastolic volume and
the simultaneous reduction of the gected volume; both
phenomena contribute to the diminution of the ejection
fraction. It follows that the parameter gjection fraction in
cardiology is a sensitive indicator of cardiac insufficiency.

Unfortunately, thesituationin varicosevein diseaseis
quite different. The parameter gjection fraction in varicose

Vasculab

veins disease is calculated from the g ected volume and the
venous volume, both obtained by air plethysmography: EF
=EV/VV. Although the calf musculature operates similarly
to the left ventricle — it is able to increase the systolic
pressure in deep lower leg veins by 53-128 mm Hg (mean

75 mm Hg) over the level of the hydrostatic pr%sure2
— several conditions differ considerably. In varicose vein
disease the contractile force of the calf musculature is not
depressed; in many cases it may be even strengthened. The
other discrepancy concerns the venous volume contained
in varicose veins; its amount and the contractility of the
caf musculature are not interrelated. This is the most
pregnant contrast to the condition in the left ventricle.
Because the gection fraction in varicose vein disease
depends on the amount of venous volume in varicose
veins, reduction of this venous volume, which is even
the goal of the therapeutic treatment, improves artificially
the value of gection fraction and fakes improved calf
pump performance. Therefore, comparison of egjection
fraction before and after treatment yields misleading
information. In addition, the situation is yet more confusing
because the gected volume might be likewise influenced.
Strong saphenous reflux impacts on the size of al veins
participating in the so caled “Trendelenburg’'s private
circulation”: not only the incompetent saphenous system
but also caf perforators and the concerned segments of
the deep veins enlarge distinctly. Enlarged deep lower leg
veins contain more blood. As the contractility of the calf
muscles in varicose vein disease isn’t usualy diminished,
it can be deduced that the caf muscle pump is able
to produce increased gected volume in the presence of
increased preload. After elimination of saphenous reflux
the size of the afflicted venous segments inclusive of deep
lower leg veins diminishes significantly in the course of
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follow-up 36. the consequence might be diminished g ected
volume, which would diminish the post-treatment gjection
fraction. Nonetheless, alarge discrepancy remains between
the markedly reduced venousvolumein thetreated varicose
veins and the possibly slightly reduced ejected volume;
consequently, the post-treatment value of the gection
fraction falsely indicatesimproved calf pump performance.
It follows that the parameter gection fraction is unsuitable
for evaluating the results after treatment of varicose veins.

The egjection fraction in varicose vein disease
might be useful in situations where the venous volume
remains unaffected, e.g. when comparing the effectivity of

provocations tests in the same pati ent’.
Conclusion

Whereas gjection fraction is a sensitive indicator
of cardiac insufficiency, in varicose vein disease this
parameter yields fallacious information about improved
caf pump performance after varicose vein treatment. This
is because the venous volume contained in varicose veins
bears no relationship to the calf muscle contractility.
Therefore, gection fraction is an unsuitable parameter for
comparing results after varicose vein treatment. It may be
reasonably used only in cases where the venous volume
remains unchanged.

Vasculab
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Abstract
AIM
During laser ablation, the terminal segment and tributaries
of that part of the GSV are left patent. So the sapheno-
femoral junction (SFJ), near the epigastric vein is spared.
Thistechniqueresultedin a13.8 % early recurrency ratefor
our patients. Could the results improve if the terminal part
of the GSV and tributaries were closed with laser?
PATIENTS
In a retrospective study all patients who underwent
endovenous laser obliteration of the GSV more than
1 year previoudy were investigated clinically and with
ultrasound. 83 patients were checked between 1 and 2 years
(median interval 14 months) after a modified technique
laser ablation.
METHODS
The bare tip of the laser fibre was held nearer than
recommended which means 1 cm from the femoral vein.
A 980 nm laser equipment was employed and the median
Linear Endovenous Energy Density (LEED) was 179 Jcm.
5 ml/cm cooled (3-5 °C) tumescent local anaesthetic was
used.
RESULTS

I ntroduction

Most vascular surgeons and phlebol ogists agree that
the treatment of the sapheno-femoral junction (SFJ) is

Vasculab

One accessory anterior recurrent varicosity in connection to
the SFJ (1.2%) was observed. Further USfindingsare: in 33
limbs (39.7%) flush closure of the SFJ without any patent
tributaries were in 11 (13.2 %) flush occlusion with direct
opening of atributary into the junction or femoral vein. In
39 limbs (47.0 %) there was a short (median length 7 mm)
saphenous stump. There were no thromboembolic or any
other serious complications.

CONCLUSIONS

The flush closure and short saphenous stump of GSV both
gave better early recurrency resultsthan thelong saphenous
stump technique. There was no sign of recanalisation of the
GSV and only 1 accessory anterior varicosity. There was
no sign of neovascularisation during our follow-up period.
This means our early postoperative results are better with
this technique than with the formerly used GSV terminal
part and epigastric vein saving method. Thereisnot ahigher
risk of complicationsif the junction is occluded flush with
the femoral vein. Limitations of this study are the short
follow-up period and few cases.

Keywords Varicose veins, laser ablation, recurrency,
SFJ, tributaries

important in the prevention of early and late recurrencies of

great saphenous vein (GSV) varicosi tyl' 23 Followi ng the
surgical operation (crossectomy and stripping), untreated
tributaries and new ones (neovascularisation) around the
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junction are the main sources of recurrent varicosity4' 5
6, During laser ablation, the junction part (usually 2 cm)

of the GSV and tributaries are left patent7' 8 Colleagues
converting from classic to laser surgery often ask whether
these patent tributaries around the junction could cause
recurrent varicosity. A metaanalysis of laser surgery results
really showed a high recurrency rate from these side

branches® 10,

We subdivided our experience into two subsequent
periods, according to the adopted method to treat the SFJ.
In the first year (1 April 2007- 1 April 2008) varicose
vein laser surgery was performed according to descriptions,
leaving a 2 cm long distance between the femora vein
and the tip of the laser fibre. This technique resulted in
a 13.8 % early recurrency rate. Recurrency patterns were
recanalisations and accessory anterior vein dilatations. In
this study we were studying the following problem: what
happens if the GSV is occluded flush with the femoral vein
and side branches are also closed with laser?

Patients

In the second period between 1 April 2008 and 31
December 2010, 102 laser ablations were performed with a
different technique on varicose GSV's which were suitable
for our study called the flush closure technique. Of these
102 legs, 83(81.4%) came back at the 1-year follow-up,
thus they could be examined after more than 1 year, (the
longest 21 months following their surgery, median interval
14 months).

The pre-procedural diameter ranged between 4 and
23 mm (median 8 mm) 3 cm below the junction.

Figurel- Closureof SFJisflushwiththefemoral vein. One
year after laser surgery.
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Aneurysmatic GSVs were also included. According to
CEAP classification, all the patients belonged to the C2 -
C6 clinical classes.

M ethods

A 980 nm Bioalitec laser equipment on 13 Watt and
600 um bare fibre was used. The tip of the laser fibre was
placed 1 cm from the SFJ. Mean LEED was higher than
usual, 179 Jem. Thefibrewas pulled manually. Around the
GSV, from the canulation puncture site to the SFJ, cooled
(3-5 °C) 0.1 % Lidocain and Adrenaline tumescent local
anaesthetic was employed (5 ml/cm). General anaesthesia
(Propofol) without intubation was also used in all cases.
For removal of side branches and interruption of perforator
veins along the limb, a saw-knife, Varady’s hook and

sclerotherapy were used™t 12

Following surgery, patients were observed for 3
hours and afterwards discharged. Chemical thrombosis
prophylaxis was not used. Excentric compression with
bandages was applied for two weeks, day and night, and a
stocking during the day for a further two weeks. In other
regards, we followed the described method® 13 14,

Follow-up was planned at 1, 7 and 14 days and
1, 3, 6 and 12 months and every subsequent 6 months
and the operated legs were examined clinically and with
US (GE Vingmed, System Five). Clinically residua and
new varicose veins aong the limb, and in the groin
region, were additionally examined with an ultrasound
examination focused on the patency of deep veins, SFJ
patency, tributaries, the distance of the occlusion from the
the femoral vein and the occlusion of the treated part of the
GSv.

Recurrentrefluxin 1 year

20cm 10cm

Distance of fibre tip from the femoral vein

Figure 2 - Rate of recurrency in both groups, 1 year results.
Distance of fibre tip from the femoral vein.
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Results

One accessory anterior varicosity recurrency (1.2 %)
was observed. Further US examination results of the SFJ
were ranked into three categories:

Ultrasound patternsin SFJ

- (& flush occlusion of GSV with the
femoral vein (EHIT 1) with the closure of
tributaries 33 limbs, 39.8%) (Fig. 1).In 3
of these cases the thrombus protruded into
the femoral vein (EHIT 2). This protrusion
dissolved spontaneously within 3 months
without complications.

- (b) flush occlusion with opening of a patent
tributary into the junction or directly into
the femoral vein without a saphenous
stump (11 limbs, 13.3 %).

- (c) occlusion with 1-26 mm long
saphenous stump (median length 7 mm)
and 1-3 patent side branches (39 limbs,
47.0 %). In this category, the patent part of
the saphenous vein typically extended from
the femoral vein to one or more tributaries.
In 3 cases the patent part was even longer.

Further findings:

- 1) Wedid not find any dilated or varicose
side branches or reticular veins around the
groin or along the limb.

- 2) The SRltributaries did not become
dilated, elongated or tortuous.

- 3) Nosigns of neovascularisation were
observed at all.

- 4) Treated GSV stems were occluded as
long as laser irradiation was performed,
there was no recanalisation.

- B) There were no serious complications
e.g. deep venous thrombosis or pulmonary
embolism.

Elimination of reflux and closure of the GSV were
successful just after the intervention and aso at the last
check-up in every case (98.8%) (Fig. 2).

There were no serious complications (deep venous
thrombosis, pulmonary embolism, septic complications,
etc.), only temporary ecchymosis in every case,
pigmentation in 3 limbs, ankle swelling in 2 cases
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which disappeared following one additional month of
bandaging. There was temporary hypoaesthesia combined
with hyperaesthesiain 6 cases (7.2 %), on the distal part of
the thigh where the laser was used. Later, in other cases 2
pulmonary embolisms were found, so LMWH prophylaxis
was introduced in every subsequent case.

Discussion

At first sight, varicose veins laser ablation is just
a method that replaces the stripping part of the classic
surgical modality, which is why some colleagues proposed

separate surgical interruption of the SFJ15 16,17 However,
laser closure of the saphenous stem is one of its effects,

because laser surgery has an effect on the SFJ as wel®

18,18, 19 | many cases the anatomical results of the
laser intervention at the SFJ resembles the Trendel enburg
operation (distal ligation), which has been criticised for
many decades. In some cases laser operation gives results
which are similar to crossectomy. It seems that laser
ablation combined with surgical crossectomy did not

improve the results?® 24 22 our study focuses mainly on
the question of what happens if the anatomical results of
laser ablation are similar to crossectomy. Are the clinical
results better or worse?

What could be the topical technique for flush
occlusions? We think there are two factors, one being
the higher delivered energy. The other is, that the fibre

tip position is nearer to the femoral vein: at 1 cm® 13,

Theivacumar et al. also found that it can cause flush
occlusion®.

Why does the closure stops at the junction? The
bare tip laser fibre delivers the laser beam mainly in front,

although the effect of thelaser within the blood is limited™,
On the other hand, the reason that the occlusion stops at the
junction of the GSV, is because the diameter of the femoral
vein is bigger than that of the GSV. The femoral vein is
wider and would require much more energy to cause any
occlusion there. A further reason could be the higher speed

flow in the femoral vein than in the saphenous vei n?% 25,
The tumescent solution aso has some mechanical effect,
because it compresses the saphenous vein, so it does not
let out too much heated blood and bubbles, or slows their
movement towards the femoral vein. There is a further
mechanism which safeguards the femoral vein: the tip of
the laser fibre is held 1 cm away, and around the terminal
segment there is cold tumescent solution which cools down
the heated blood and steam bubbles before entering the
femoral vein. Also, the direct contact of the tip of the fibre

only comes up to this segment of the GSV %,

We should also mention the special case in which
the thrombus protrudes into the femora vein (EHIT 2).
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This was our finding in 3 cases in which the protrusion
disappeared spontaneously without any complications, as

described by others as well 13,2127

The mechanism and pattern of recurrency after
classic surgery differs from the processes following laser

ablation™®. It iswell known that, after classic surgery, open
side branches and neovascularisation are responsible for

recurrency in many cases” 56 In spite of this, with laser
ablation, recanalisation and dilatation of the accessory

anterior vein are the reasons for recurrency28' 29,30 The
reason for recanalisation could be that | esstreatment energy

was employedls’ 3 tis thought that these tributaries
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Abstract Nerve damage is the most important
reason for malpractice clams after venous procedures.
The incidence of nerve damage varies according to the
technique and 4% to 23% present symptoms of nerve
damage after varicose vein operations. The knowledge
about nerve physiology and anatomy, proper preoperative
ultrasound planning, clear communication, safe operation
protocols, and good clinical records are pivotal to avoid
such complications. Even so, there is no guarantee that
a lesion will not occur. Nerve damage can happen with
the best surgeons. The purpose of this paper is to review
nerve physiology and its anatomy in relation to saphenous
veins, to relate theincidence of nerveinjury to each surgical
technique and to outline strategies to prevent and treat this
complication.

Keywords Peripheral nerve injuries, Malpractice,
Varicose veins, Echo anatomy, Doppler ultrasound

I ntroduction

Chronic venous insufficiency (CVI) is a complex
disease of high prevalence. A third of the population may
present the disease and interventionsto treat varicose veins
are among the most common in the world according to the

Edinburgh Study™.

Despite the benefits of surgical treatment for varicose
veins (VV), malpractice lawsuits are becoming common in
most regions of the world. Data shows that VV surgery is
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the most common procedure involved in claims for adverse
eventsin vascular surgery, in both Sweden (34%) and UK

(48%)2.

Campbell et al® showed that nerve damage is the
most common reason for malpractice claims after venous
procedures, accounting for 31% of the claims. Additionally,
the prevalence of nerve damage after VV operation is not
low. Literature reports show that 4% to 23% of patients
remain with a sensory loss after the procedure, depending

on the testing method and study4.

Sam et al* showed that nearly all treatment
methods are accountable for nerve damage. Phlebectomies,
stripping, radiofrequency and endolaser cause nerve
damage and studies vary greatly concerning the incidence

of this complication (from 0% to 33%)4.

Although knowledge about nerve anatomy is pivotal
to avoid such complications, even the best surgeons can
cause nerve damage. Since variation in nerve anatomic
patterns are very common, high resolution ultrasonography
is an important tool to visualize the nerve and to plan

surgical treatment®.

The aim of thisreview isto review nerve physiology
and its anatomy in relation to saphenous veins, discuss the
importance of nerve damage in VV surgery, to evaluate
the incidence of these lesions in each surgical therapeutic
option and discuss strategies to prevent and treat nerve
injuries.
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Fig 1 - iatic, peroneal (common fibular) and tibial nerves - cutaneous innervation.

Pathophysiology

In 1943 Seddon® divided nerve injuries into three
categories - neuropraxia, axonotmesis, and neurotmesis.

Neuropraxiaisthe mildest form and presents asfocal
demyelination without damage to nerve continuity and
without distal degeneration. It may occur after compression,
traction or burning of the nerve. Usually, the complete

recovery time varies from 1 week to 6 months’.

Axonotmesis is the damage to the axons with
demyelination preserving connective tissue (perineurium
and epineurium). Distal axon and myelin degeneration
cause compl ete denervation but the supportivetissuesallow
total but slow recovery.

Neurotmesis is the most severe form of injury, it
is a full anatomical and physiological transection of the
nerve. In this case, there is no recovery without surgical
intervention.

Venous operations cause injury mainly to the
saphenous nerve, sura nerve, peronea nerve and femoral
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nerve (groin reoperations mainly). The anatomy of these
nerves will be briefly described.

Surgical and Ultrasonographic Anatomy

Complications and inconvenience of VV treatments
may be explained by the anatomy of the lower limb veins
and nerveswhich will be depicted in the following sections.

Variant anatomic patterns are very common.
High-resolution ultrasonography permits visualization of

periphera nerves® and a better understandi ng of this
important matter. The tibial nerve, the common peroneal
nerve and its branches, the sciatic nerve, the division of
its two branches, the sural nerve and its primary branches,
the saphenous nerve, the femoral nerve and the posterior

cutaneous nerve of the thigh can be visualized by us®.

Ultrasonography (USG) is an excellent cost-
effective imaging for visualization of peripheral nerves.
In cross-section, nerves usually appear as a round
formation, hyperechogenic, often containing small round
hypoechogenic areas. When veins are dilated, the nerve
may have a dightly compressed cross-section appearing a

rhomboid shapes.
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Sciatic, peroneal (common fibular) and tibial nerves
(Fig1)

The sciatic nerve is usualy formed by branches of the sacral
plexus and exits the pelvis at the sciatic foramen. It runs posterior in
the thigh, where it branches in peroneal (common fibular nerve) and
tibia nerve. At the popliteal fossae, there are reports of damage during

thermal ablation®.

The peroneal (common fibular) nerve starts when the sciatic
nerve branches and travels to the anterior and lateral compartments on
theleg. It may be damaged both in the popliteal fossae and in varicose

vein dissection in the anterior Iegg‘11 .

The tibial nerve is a branch of the sciatic nerve and it runs
deep to the posterior compartment of the leg. The tibia nerve is not
usually damaged in varicose vein surgery. A US study of the veins of
the popliteal fossain patientswith SSV insufficiency reveal ed that 88%
of the time the tibial nerve ran along the media edge of the SSV and
4% it coursed horizontally behind the SSV or wrapped by the SSV. In
a cadaver study, at the saphenopopliteal region, the average shortest
distance between the SSV and the tibial nerve was 4.4 mm,; in 20% of

studied patients, the distance was less than 1 mm°.
Thigh Nerves

Nerves of the thigh (Fig 2) are at risk during VV surgery.
Intermediate and medial femoral-cutaneous nerves (IFCN and MFCN)
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originate from the femoral nerve below the inguina ligament; some
branches supply the skin aslow asthefront of the knee, someinnervates
the anterior medial thigh and some, its medial aspect. The distribution
of cutaneous nerves in the thigh is important in the analysis of nerve
injuries following VV surgery: in the groin and upper thigh, the
ilioinguinal nerve is at risk during the initial groin dissection; in the
central and distal sections of the thigh, the branches of the MFCN and
IFCN are at risk'2.

Saphenous Nerve (SN)

Theterminal and thelongest sensory branch of thefemoral nerve

isthes:aphenousnerve13 (Fig 3). Inthethigh, withinthefemoral triangle
and adductor canal, the SN lay in adeeper plane in comparison to GSV
and remained separated from the vein by a considerable amount of fat,

fascia, and sartorius muscle™. In the thigh, it courses subfascial and

follows the superficial femoral artery13. Beyond the adductor canal,
the SN passed between sartorius and gracilis muscles and became

subcutaneous™®. At the medial aspect of the knee and along with the
upper third of the leg, SN and GSV remained separated by connective
tissue sleeves of varying thicknessranging 0.5-2.5 cm depending on the
thickness of the adipose layer. Along the middle third and lower third
of leg, the SN and GSV lay in close contact, sometimes inseparably
adhered to each-other. The point from where SN and GSV had an
intimately related course ranged between 26 and 35 cm from the tip of
the medial malleolus. A study recommends avoiding lower 2/3rd of the
leg while harvesting saphenous venous graft to avoid damageto SN and

subsequent neuropathyl4.
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The SN aso has a large number of small branches that run in
an anterolateral or posterolatera direction in the middle of the lower
leg. These are the medial and lateral crura cutaneous branches™.
Another important anatomical relation isits neurovascular axis. The SN
isaccompanied until it pierces the deep fascia by the saphenous branch
of the descending genicular vessels, which connected to perforators of

the posterior tibial vessel st6.
Sural Nerve (SuN)

Two nerve branches (tibial and peroneal) join at avariable level
in the leg to form the SuN (Fig 4).

The tibial branch (medial sural cutaneous nerve, MSCN)
emerges from the tibia nerve and runs parallel to the SSV in the
connective tissue of the groove of the two heads of gastrocnemius,
ventrally and outside the SSV compartment.

The peroneal component of the SuN (lateral sural cutaneous
nerve, LSCN), arises from the common peroneal nerve (the lateral
division of the sciatic nerve), descends laterally in the popliteal fossa
along the border of the biceps femoris muscle, towards the peroneal
head.

The tibial branch joined the peroneal branch in the middle third
of the caf forming the fina SuN. The SuN usualy enters the SSV
compartment at thislevel, but the exact anatomy isvery variable. It lies
close to the SSV. Behind the lateral malleolus, it turns anteriorly along
the lateral border of the foot5.

The SSV runs behind the lateral malleolus and ascends through
the middle of the calf17, to the lower portion of the popliteal fossa,
where it usualy reaches the popliteal veinl7. It lies in its own
fascial compartment all along its course. In the midcalf, the superficia
fascial parts get much thicker upon the gastrocnemius muscle. The
SSV runs between the main crura fascia and a membranous layer
of the superficial fascia and this is the basis for applying tumescent

anesthesiat®.

In the popliteal fossa, SSV is in close relation with the tibial
nerve and the common fibular nerve. SSV lies between the medial and
lateral heads of the gastrocnemius muscle, medial and closetothetibial

nerve that is the medial branch of the sciatic nervel”.

Studies of the lower limb demonstrate that whereas the GSV
is intimately associated with the saphenous nervel7 the SSV courses
closely with the sural nerve. In a US study, the sura nerve was found

to be within 5 mm of the SSV in 90% of cases’.

About the anatomy of the vein of Giacomini and surrounding
neural structures, there are no detailed studi es’.

Symptoms of superficial nerveinjury

Injuries to the saphenous nerve are uniformly
manifested as sensory deficits (decreased sensation,
paresthesias, and dysesthesias, in decreasing order of
frequency) in the anteromedial aspect of the calf to thelevel
of the ankle. There are no motor deficits associated with

saphenous nerve inj urylg.

The sural nerve supplies the skin of the lower half
of the posterior surface of the leg, the lateral part of the
dorsum of the foot, and the lateral side of the little toe.
Sural neuropathy is presented with symptoms of pain,
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paresthesia, or numbness in the distribution of the sural

ner ve4.

The lesion of sciatic and peroneal nerves causes

motor impairment and there are reports of drop foot after

varicose vein surgeryg’lo. The peroneal (common fibular)

nerve has several reportsof damagein venous procedures9—
11, which can result in loss of foot eversion, pain and
paresthesia over the majority of the dorsum of the foot and
the anterolateral aspect of the lower leg. Fortunately, the
damage to these nerves is rare, but it can lead to severe
motor sequel ae>10,

Tibial nerve lesion results in loss of plantar flexion,
loss of flexion of toes and weakened inversion.

Peculiarities of  available
concerning nerveinjury

techniques

Sclerother apy

Sclerotherapy isacommon procedure and theincidence of nerve

damage is very low. Cavezzi et a?° reviewed the complications of
sclerotherapy and found a 0.2% incidence of nerveinjury.

Nerve damage has been described in patients undergoing
sclerotherapy both in the initial procedure and in the drainage of
post sclerosis hematoma2l. The authors considered the most probable
causes of these damagesto bedirect transection of the nerve by aneedle
and perivenous inflammation. Another possible pathophysiology of
the injury is inadvertently injecting a sclerosing agent in the nerve or
nerve vasculature. All the cases of nerve damage after sclerotherapy
had uneventful procedures described by the doctor performing the
procedure.

Vein ligation and stripping (L& S)

The stripping procedure consists of vein removal
using mechanical traction of thevein. Avulsion can damage
surrounding nerves and cause paresthesia or even chronic
aesthetic symptoms.

After saphenous vein stripping, saphenous nerve

injury is reported at rates from 279622 to 40%°>° based
on subjective patient reports, but with neurologic testing,

the rate is found to be much higher (58%)23. Even mini
phlebectomy can make a patient suffer from a sensory

deficit?®,

Stripping below the knee increases the incidence of
paraesthesia, due to the saphenous vein proximity to the
nerves distally. This is due to the fact that the saphenous
vein proximatesthe nerves progressing distally. Despitethe
risk of recurrence, the incidence of nerve injury decreases
from 23%—40% to 5%, when selective preservation of the
saphenous vein is performed. The technique of invaginated
stripping can reduce the incidence of nerve injury to

1,5%2,

Journal of Theoretical and Applied Vascular Research (page 76) - JTAVR 2018;3(2):73-83


http://www.vasculab.eu

Comparative trials for the treatment of SSV are
lacking as of today and literature remains heterogeneous
regarding techniques and treatment protocols. A systematic
review and meta-anaysis from 2015 demonstrated
paresthesia in 19.6% of patients after SSV incompetence

surgery?®. Saphenous invagination, in theory, would be
damage-free but the practical use of this technique shows

no significant advantages to other techniqueszs.

Fig 3 - Saphenous nerve - cutaneous innervation.

Thermal Methods
Radiofrequency (RFA)

Radiofrequency ablation (RFA) of the saphenous veins causes
the burning of the vein to produce vein closure and the expected results.
But thermal damage to superficial nerves is a known complication
in this technique. It is believed that the mechanism of neura injury

is incurred through thermal effects radiating from the ablated venous
9

segment into the surrounding structures®.

With longer monitoring, a prospective study published in 2011
compared the results of different methods of RFA. Six patients (13.9%)
reported saphenous nerve paresthesia on the 10th postoperative day;
after three months, paresthesia disappeared in al but 2 patients from

RFA group32.
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Concerning saphenous stripping, studies showed
no differences between the upwards or downwards
technique. We consider that partial stripping has anatomical
advantages concerning nerve damage, but data suggesting
real advantage is not based on large nor multiple studies
and further evaluation is needed to corroborate possible

advantages®’ 3.

Fig 4 - Sural nerve - cutaneous innervation.

Comparing with saphenous stripping, RFA presentsalower risk

of nerve damage in the vast majority of studi es33. But the incidence of
paresthesiarates was higher after RFA (26%) compared to high ligation

and stripping in a Korean retrospective revi ew™,

Shahid et al reported a case of multifocal neura injury to
the distal sciatic, tibial and peroneal nerves resulting in significant
morbidity after RFA of the SSV in a 42-year-old woman, who had
complete neurolysisof the sural, tibial, peroneal, and distal sciatic nerve

after surgery®.
Endovenous Laser Ablation (EVLA)

EVLA, similar to RFA, causesthe burning of the saphenousvein
to achieveclinical results. Nerve and skin can be collaterally injured by
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the thermal energy. And also similar to RFA, the nervous damage data
are quite different due to study design and laser parameters used.

The wavelengths provide power from 10 to 15 watts and lead
to 20-140 Jcm linear endovenous energy density (LEED) in the vein
lumen. Thisamount of energy density is sufficient for vein wall heating

and the formation of fibrosis®®,

A prospective nonrandomized single-center cohort study using
a 1470 nm wavelength laser with bare-tip fiber reported 3.9%

paresthesia36. Similar to these statistics, but with different design
studies, Gifford et al. described paraesthesia after treating the whole

GSV with EVLA/RFA in4%°" and Dermody et al > showed that EVLA
had a 3.8% incidence of paresthesia.

In each one of these articles, no data is available to evaluate
long term symptoms. With longer follow-up, a 2011 publication using
EVLA of GSV with a 1470 nm diode radia fiber laser showed that
local paresthesia occurred in four patients (8%) at 30 dayswith average
paresthesia area of 47 cm2. After six months, paresthesia disappeared
in one patient. In the other patients (6%), the paresthesia area reduced

to 24 cm?38,

EVLA of the SSV seems to be a safe modality with excellent

short-term results but temporary paresthesia of 6%°°. Boersma et al.
evaluated 28 studies of laser treatment on 2950 limbs and found

postoperative paresthesiain 4.8 % (EVLA) of the cases™.

Transient paresthesia was seen even in EVLA of insufficient
perforating veins and despite careful administration of tumescent

anesthesia; in two patients of 124 total according to Boersmaet a*and
two patientsin atotal of 13 treated in Dumantepe’s publicationAl.

Cryosurgery

Cryosurgery for varicose veinswas introduced in 1978 and first
clinically applied in 1982. It works by the passage of nitrogen oxide
(N20) through a very small nozzle under very high pressure, which
decompresses and lowers the temperature of the probe to —-85°C in
only afew seconds. During freezing, an ice ball forms at the tip of the
probe, adhering the vein to the tip. Removal of the vein is obtained by
withdrawing the probe in the direction of the entrance. A retrospective
noncomparative study with a total of 84 patients (131 limbs) with
varicose veins with GSV incompetence was treated with cryosurgery
over a 2 year period showed cutaneous nerve damage - defined as

numbness and paresthesia - in 3 limbs (2.3%)42.
High Intensity Focused Ultrasound (HIFU)

More recently the use of high intensity focused ultrasound
(HIFU) has been proposed to treat venousinsufficiency. HIFU heatsthe
vein at atemperature about 95-90°C. Obermayer treated varicose veins
and reported 4 legs out of 50 with dysesthesias suggesting damage to
nerves.

No deep vein thrombosis, pulmonary embolism or arterial

damage was reported in the initia cases™. The focused ultrasound
has been shown to damage arteria structures neighboring the treated
vessel and theinitial clinical data demonstrate that nerves are probably

affected in the treated regi on*,
Preventing nerve damage

Techniques
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Sclerotherapy procedures and low volume of the sclerosant are
possible ways to prevent complications.

When performing an EVLT aradial fiber is preferable to bare
tip fiber, as the latter causes more nerve damages as shown in a

comparative study35.

The lower is the energy level used the less nerve damage

will occur, as Rathod has shown that a higher linear endovenous

energy density increased significantly the incidence of paresthesia“s.

Although, the decrease of energy should not jeopardize the long-term
occlusion of the vein.

Another important factor is the infiltration with perivenous
tumescent anesthesia, as it helps to dissipate the heat generated by

EVLA/RFA%,

Regarding the site of endovenous access, studies comparing
puncture sites are small and do not allow us to make important
conclusions. A small study showed lessnervedamagein SSV after mid-

calf puncture as compared to distal puncture47. Another small study
did not find significant differences between mid-calf access and distal

access to treat the GSV48
L ocal Anesthesia M ethods

The incidence of nerve damage is decreased when the
technique is more conservative and less aggressive, using only
loca anesthesia to the skin. Conservative surgery such as
CHIVA (Conservatrice Hémodynamique de I'Insuffisance Veineuse en
Ambulatoire/ ambulatory conservative hemodynamic treatment venous
insufficiency)49, Muller Phlebectomy and ASVAL (ablation under
local anesthesia)® added a new perspective for eliminating reflux,
sparing the main saphenous trunks with fewer nerveinjuries. Also, the
patient warns the doctor if a nerve is touched and it makes it hard to

causeinj ury51.

The CHIVA technique has a near-zero incidence of nerve
damage with significantly less damage than stripping in randomized

clinical trials*®%2, The ASVAL technique also has a low incidence of
nerve damage, supposedly for the same reasons considered before™.

Recurrence

Recurrences might be a problem with the partia stripping
strategy. Jones et al®0 showed that recurrence was greater in patients
stripped to the knee level (43%) as compared to patients with complete
stripping (25%). But the most common cause of recurrence was the
neovascularisation rather than the saphenous remnant.

Obviously, treating recurrence of the GSV has higher
complications rates due to scar and fibrosis.

Van Groenendael et al. showed alarge occurrence of temporary
paraesthesiain 13% of these péti ents>. Recently, these cases have been

treated by foam sclerotherapy with good results™. However further
studies are welcome to clear thisindication since thrombophl ebitis and
recurrence are common problems with foam sclerotherapy.

Anatomy and ultrasound
The knowledge about nerve anatomy is pivota to avoid such

complications but it is not a guarantee that lesions will not occur, as
pointed out by Sam et al, nerve damage can happen with the best
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s.;rgeonsA. Figures5 and 6 address the "risky points’, where nerves and
veins are close and most lesions occur.

Finally, ultrasound is increasingly becoming essential for the
vascular surgeon for surgical planning. Nerve anatomy of the lower
limb is extremely variable.

A publication found a relationship in anatomical variation
between SN and GSV; in 54 cases, the nerve was posterior to the vein
and anterior in 32 cases™. Ricci et al identified contact points between
NSu and SPV (“risk points”) in 39 of 40 members (97%) studi ed®. The
use of ultrasound, especially performed by the surgical team, identifies
points of possible injury (“risk points’ - Fig 5 and 6) and avoid nerve
damage during VV surgery.

Possible treatments after nerveinjury

Nerve injury pattern is well documented on
clinical examination, el ectromyogram, magnetic resonance
imaging and surgical pathologyg. The vast majority of
nerves damaged in varicose vein operations are only
sensitive and do not require treatment.

Transient changes in nerve transmission observed
weeks after surgery can bedueto thetemporary neuropraxia
caused by edema, hematoma, inflammatory processes, or

simply by the mechanical irritation during operation55.

After an injury to nerves is detected, it is
recommended to wait 4 to 6 weeks for the appearance of
clinical signs of motor recovery indicating neuropraxia.

If motor recovery does not occur within this period,
exploratory surgery of the nerve should then be performed.
Intraoperative findings will determine the technique to be

used (neurolysis, neurorrhaphy, or nerve grafting)lo.

Peroneal nerve damage, femoral and sciatic may
cause great disability and the possibility of nerve
reconstruction should be considered in patients not

responding to clinical therapy56.

MalpracticeClaimsafter varicosevein surgery

Campbell et al® showed that nerve damage is the
most common reason for malpractice claims after venous
procedures, accounting for 31% of the claims. A review
concerning nerve damage after varicose veins operation
found that between 4% and 23% of patients remain with
sensory |oss after the procedure, depending on the testing

method and study®.

The same review showed that nearly al treatment
methods cause nerve damages. Phlebectomies, stripping,
radiofrequency and endolaser present nerve damages
and studies vary greatly concerning incidence of this

complication (from 0% to 33%)*.
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Nerve lesions were the cause of malpractice claims

in 62 out of 200 claims®’. A review of 200 consecutive
lawsuits on venous operations found that the lesion was
on the saphenous nerve in 8 patients, the sural nerve in 15
patients, the peroneal nerve in 18 patients and cutaneous
nervein 21 cases.

Claims due to improper communication and
inadequate medical record keeping are also frequent58.
Although it seems obvious, good anatomical knowledge,
proper preoperative planning, clear communication, safe
operation protocols and good clinical records are important
to prevent claims. The preoperative duplex scan should
be performed by the surgical team or at least well

communicated to the surgeon, and it is pivotal %8

Fig 5 - “Risk points’. 1) Ilioinguinal nerve at risk during
initial groindissection. 2) Femoral-cutaneousnervesat risk
when anterior accessory saphenous vein or veins in the
anterior region of the thigh are committed. 3) Relationship
between the great saphenous vein and nerve. 4) Lateral
cutaneous nerve (common fibular nerve) can be damaged
in varicose vein dissection in the lateral compartment of
theleg. 5) Superficial fibular nerve can be damaged during
dissectionin local varices.

Claims due to nerve injury are frequently settled
after accepting liability. This is due to the fact that this
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complication may cause permanent disability even when
instantly repai red®.

A study about litigation claims after vascular surgery
showed that nerve damage is responsible for nearly a
third of the successful malpractice claims in the courts
after venous operations. This British study showed a
61% success rate of malpractice claims in varicose veins

operationseo. The mean compensation for damage was
100.000€ and some cases received higher sums.

No matter how simple a procedure may appear, al
operations carry risksfor the patient. Therefore, knowledge
about adverse eventsisessential for providing patientswith
accurate advice and information regarding the potential

risks and benefits of treatment opti ons?.

Endovenous techniques will still be affected by
claimsof recurrence, unsatisfactory outcome/poor cosmetic
result, pigmentation, and scarring. Patients expectations
will be higher with endovenoustechniques, which arebeing
marketed aslessinvasive than surgery. Patients undergoing
varicose vein treatment/surgery must be made aware of
these risks and this discussion needs to be clearly recorded
in the patient’ s records and/or consent form, along with the

receipt of a supporting patient information "sheet"*®. There
areno current articleson litigation in modern techniquesfor
treating varicose veins.

The patient's choice now seems to be a clinica
priority and most practitioners agree that at least one
alternative to conventional surgery should be available.
Not al patients may be suitable for all modalities, and
selection criteria differ according to Doppler ultrasound

and clinical findings and chosen method’. We should
not forget that elastic stockings and venoactive drugs are
possible aternatives for most varicose vein procedures and

patients should be aware of this possibility®?.
Conclusion

Chronic venous insufficiency is a high prevalence
disease and nerve damage is the most common reason for
mal practice claims after venous procedures. Nerve damage
during varicose vein procedures should always be kept in
mind; even good surgeons can cause nerve damage.

Anatomical knowledge, team experience and
respecting the characteristics of every procedure are pivotal
for minimizing the risk of nerve damage.

Some techniques may present more nerve damage

than others® and both the choice of the typeof procedureand
strategies to prevent such lesion with every technique are
advisable. For example, partial stripping/ablation instead of

total saphenous stripping may reduce itsinci dence®.
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Fig 6 - “ Risk points’. 1) Sciatic nerve and sciatic varices
arerelated. 2) Tibial nerveis not usually damaged during
varicose vein surgery but can suffer thermal lesion. 4, 5 e 6)
relationship between themedial and lateral sural cutaneous
nerve, sural nerve and the small saphenous veins.

The type of anesthesia is also an important factor
because if the patient is responsive and the nerve is not
blocked, the patient can tell the surgeon if the nerve is
touched. The use of ultrasound before the procedure by
the surgeon himself, with localization of nerves and “risky
points’, could reduce the incidence of nerve lesions. High-
resolution US permits visualization of peripheral nerves

prior to the interventi on®.

In order to minimize nerve damage, the authors
usualy perform same-day preoperative ultrasound and
operation under local anesthesia in al patients. The
ultrasound considers vein reflux and anatomy and nerves
related to these veins. We prefer saphenous sparing
proceduresthat further minimize nervedamage. All patients
are offered elastic stocking as an alternative treatment and
full informed consent is signed by all patients (in which the
nerve damage possibility is disclosed).

If damage happens, identification should be prompt
and treatment fast in order to obtain good results, mainly in
cases involving motor disability.

Journal of Theoretical and Applied Vascular Research (page 80) - JTAVR 2018;3(2):73-83


http://www.vasculab.eu

References

1) Evans CJ, Allan PL, Lee AJ, Bradbury AW, Ruckley CV,
Fowkes FG. Prevalence of venous reflux in the general population on
duplex scanning: the Edinburgh vein study. J Vasc Surg [Internet].
1998 Nov;28(5):767-76. Available from: https://doi.org/10.1016/

AL Arendt, FP Faccini - Nerve Injury in venous procedures

14) Ghosh A, Chaudhury S. Morphology of saphenous nervein
cadavers: a guide to saphenous block and surgical interventions. Anat
Cell Biol [Internet]. 2019 Sep;52(3):262-8. Available from: https.//
doi.org/10.5115/ach.19.031

s0741-5214(98)70051-5

2) Rudstrom H, Berggvist D, Ahlberg J, Bjorck M. Insurance
clams after vascular surgery in Sweden. Eur J Vasc Endovasc
Surg [Internet]. 2011 Oct;42(4):498-505. Available from: https./

15) Veverkoval, JedlickaV, Vlcek P, Kalac J. The anatomical
rel ationship between the saphenous nerve and the great saphenousvein.
Phlebology [Internet]. 2011 Apr;26(3):114-8. Available from: https.//
doi.org/10.1258/phleh.2010.010011

doi.org/10.1016/j.€jvs.2011.04.026

3) Campbell WB, France F, Goodwin HM, Research and
Audit Committee of the Vascular Surgical Society of Great Britain
and Ireland. Medicolegal claims in vascular surgery. Ann R Coll
Surg Engl [Internet]. 2002 May;84(3):181-4. Available from: https:/
www.nchi.nlm.nih.gov/pubmed/12092871

4) Sam RC, Silverman SH, Bradbury AW. Nerve Injuries
and Varicose Vein Surgery. Eur J Vasc Endovasc Surg [Internet].
2004 Feb 1;27(2):113-20. Available from: https://doi.org/10.1016/

16) Gascoigne AC, lan Taylor G, Corlett RJ, Briggs C,
Ashton MW. The Relationship of Superficial Cutaneous Nerves and
Interperforator Connections in the Leg: A Cadaveric Anatomical
Study. Plast Reconstr Surg [Internet]. 2017 Apr;139(4):994e — 1002e.
Available from: https:/doi.org/10.1097/PRS.0000000000003157

17) McBride KD. Changing to endovenous treatment
for varicose veins. how much more evidence is needed?
Surgeon [Internet]. 2011 Jun;9(3):150-9. Available from: https./
doi.org/10.1016/j.surge.2010.11.002

j.€vs.2003.11.007

5) Ricci S, Moro L, Antonelli Incalzi R. Ultrasound imaging of
the sural nerve: ultrasound anatomy and rationale for investigation. Eur
J Vasc Endovasc Surg [Internet]. 2010 May;39(5):636-41. Available
from: https://doi.org/10.1016/j.€jvs.2009.11.024

6) Seddon HJ. Three types of nerve injury. Bran
[Internet]. 1943; Available from: https.//academic.oup.com/brain/
article-abstract/66/4/237/323776

7) Sunderland S. TRAUMATIC INJURIES OF PERIPHERAL
NERVES. |.—SIMPLE COMPRESSION INJURIES OF THE
RADIAL NERVE. Brain [Internet]. 1945; Available from: https:/
academi c.oup.com/brain/article-abstract/68/1/56/470730

8) Ricci S. Ultrasound observation of the sciatic nerve and its
branches at the popliteal fossa: aways visible, never seen. Eur JVasc
Endovasc Surg [Internet]. 2005 Dec;30(6):659-63. Available from:
https://doi.org/10.1016/j.€jvs.2005.06.004

9) Shahid KR, Dellon AL, Amrami KK, Spinner RJ. Sciatic
and peroneal nerve injuries after endovascular ablation of lower
extremity varicosities: case reports and review of the literature. Ann
Plast Surg [Internet]. 2015 Jan;74(1):64-8. Available from: https://
doi.org/10.1097/SA P.0000000000000193

10) de Alvarenga Yoshida R, Yoshida WB, Sardenberg T,
Sobreira ML, Rollo HA, Moura R. Fibular Nerve Injury After
Small Saphenous Vein Surgery. Ann Vasc Surg [Internet]. 2012
Jul 1;26(5):729.e11-729.€15. Available from: https://doi.org/10.1016/
j.avsg.2011.11.042

11) Scurr JRH, Scurr JH. Common peronea nerve injury
during varicose vein surgery. Eur J Vasc Endovasc Surg [Internet].
2006 Sep;32(3):334-5. Available from: https://doi.org/10.1016/
j.€6)vs.2006.04.028

12) Ginanneschi F, Filippou G, Frediani B, Rossi A. Injury
of cutaneous branches of the femoral nerve following varicose
vein surgery. Acta Neurol Belg [Internet]. 2013 Sep;113(3):355-6.
Available from: https://doi.org/10.1007/s13760-012-0173-3

13) Moawad MR, Masannat YA, Alhamdani A, Gibbons CP.
Nerve injury in lower limb vascular surgery. Surgeon [Internet].
2008 Feb;6(1):32-5. Available from: https://www.ncbi.nlm.nih.gov/
pubmed/18318086

//’\L\ Vasculab

18) Schweighofer G, Mihlberger D, Brenner E. The anatomy of
the small saphenous vein: fascial and neural relations, saphenofemoral
junction, and valves. J Vasc Surg [Internet]. 2010 Apr;51(4):982-9.
Available from: https.//doi.org/10.1016/j.jvs.2009.08.094

19) Ferndndez CF, Roizenta M, Carvalo J. Combined
endovenous laser therapy and microphlebectomy in the treatment of
varicose veins. Efficacy and complications of a large single-center
experience. J Vasc Surg [Internet]. 2008 Oct;48(4):947-52. Available
from: https://doi.org/10.1016/j.jvs.2008.05.029

20) Cavezzi A, Parsi K. Complications of foam sclerotherapy.
Phlebology [Internet]. 2012 Mar;27 Suppl 1:46-51. Available from:
https://doi.org/10.1258/phleb.2012.012s09

21) Hill D. Nerve Injury Associated with Sclerotherapy.
Phlebologie. 2010;63(3):55-7.

22) Wood JJ, Chant H, Laugharne M, Chant T, Mitchell
DC. A prospective study of cutaneous nerve injury following long
saphenous vein surgery. Eur J Vasc Endovasc Surg [Internet].
2005 Dec;30(6):654-8. Available from: https://doi.org/10.1016/
j.6vs.2005.06.009

23) Morrison C, Dalsing MC. Signsand symptoms of saphenous
nerve injury after greater saphenous vein stripping: prevalence,
severity, and relevance for modern practice. J Vasc Surg [Internet].
2003 Nov 1;38(5):886-90. Available from: https://doi.org/10.1016/
S0741-5214(03)00790-0

24) Ahmed MS, Lutze S, Tembulatow M, Daeschlein G,
Junger M, Arnold A. Long-term outcome of open surgery in
CVI patients concerning postoperative complications, perioperative
hemodynamics and clinical efficacy, Part I. Clin Hemorheol
Microcirc [Internet]. 2018;70(4):399-411. Available from: https.//
doi.org/10.3233/CH-189305

25) Boersma D, Kornmann VNN, van Eekeren RRJP, Tromp
E, Unlii C, Reijnen MMJP, et al. Treatment Modalities for Small
Saphenous Vein Insufficiency: Systematic Review and Meta-analysis.
J Endovasc Ther [Internet]. 2016 Feb;23(1):199-211. Available from:
https://doi.org/10.1177/1526602815616375

26) L Stotter ISAB. Comparative outcomes of radiofrequency
endoluminal ablation, invagination stripping, and cryostripping in
the treatment of great saphenous vein insufficiency. Phlebology

Journal of Theoretical and Applied Vascular Research (page 81) - JTAVR 2018;3(2):73-83


http://www.vasculab.eu
https://doi.org/10.1016/s0741-5214(98)70051-5
https://doi.org/10.1016/s0741-5214(98)70051-5
https://doi.org/10.1016/j.ejvs.2011.04.026
https://doi.org/10.1016/j.ejvs.2011.04.026
https://www.ncbi.nlm.nih.gov/pubmed/12092871
https://www.ncbi.nlm.nih.gov/pubmed/12092871
https://doi.org/10.1016/j.ejvs.2003.11.007
https://doi.org/10.1016/j.ejvs.2003.11.007
https://doi.org/10.1016/j.ejvs.2009.11.024
https://academic.oup.com/brain/article-abstract/66/4/237/323776
https://academic.oup.com/brain/article-abstract/66/4/237/323776
https://academic.oup.com/brain/article-abstract/68/1/56/470730
https://academic.oup.com/brain/article-abstract/68/1/56/470730
https://doi.org/10.1016/j.ejvs.2005.06.004
https://doi.org/10.1097/SAP.0000000000000193
https://doi.org/10.1097/SAP.0000000000000193
https://doi.org/10.1016/j.avsg.2011.11.042
https://doi.org/10.1016/j.avsg.2011.11.042
https://doi.org/10.1016/j.ejvs.2006.04.028
https://doi.org/10.1016/j.ejvs.2006.04.028
https://doi.org/10.1007/s13760-012-0173-3
https://www.ncbi.nlm.nih.gov/pubmed/18318086
https://www.ncbi.nlm.nih.gov/pubmed/18318086
https://doi.org/10.5115/acb.19.031
https://doi.org/10.5115/acb.19.031
https://doi.org/10.1258/phleb.2010.010011
https://doi.org/10.1258/phleb.2010.010011
https://doi.org/10.1097/PRS.0000000000003157
https://doi.org/10.1016/j.surge.2010.11.002
https://doi.org/10.1016/j.surge.2010.11.002
https://doi.org/10.1016/j.jvs.2009.08.094
https://doi.org/10.1016/j.jvs.2008.05.029
https://doi.org/10.1258/phleb.2012.012s09
https://doi.org/10.1016/j.ejvs.2005.06.009
https://doi.org/10.1016/j.ejvs.2005.06.009
https://doi.org/10.1016/S0741-5214(03)00790-0
https://doi.org/10.1016/S0741-5214(03)00790-0
https://doi.org/10.3233/CH-189305
https://doi.org/10.3233/CH-189305
https://doi.org/10.1177/1526602815616375

[Internet]. 2006 Jun 1;21(2):60-4. Available from:
doi.org/10.1258/026835506777304692

https.//

27) Papakostas JC, Douitsis E, Sarmas |, Avgos S, Kyritsis
A, Matsagkas M. The impact of direction of great saphenous vein
total stripping on saphenous nerve injury. Phlebology [Internet].
2014 Feb;29(1):52—7. Available from: https://doi.org/10.1258/
phleb.2012.012061

28) Holme JB, Skajaa K, Holme K. Incidence of lesions of
the saphenous nerve after partial or complete stripping of the long
saphenous vein. Acta Chir Scand [Internet]. 1990 Feb;156(2):145-8.
Available from: https://www.nchi.nlm.nih.gov/pubmed/2184634

29) Holme K, Matzen M, Bomberg AJ, Outzen SL, Holme JB.
Partial or total stripping of the great saphenous vein. 5-year recurrence
frequency and 3-year frequency of neural complications after partial
and total stripping of the great saphenous vein. Ugeskr Laeger
[Internet]. 1996;158(4):405-8. Available from: https://europepmc.org/
abstract/med/8638298

30) Jones L, Braithwaite BD, Selwyn D, Cooke S, Earnshaw JJ.
Neovascularisation is the principal cause of varicose vein recurrence:
results of arandomised tria of stripping the long saphenous vein. Eur
J Vasc Endovasc Surg [Internet]. 1996 Nov;12(4):442-5. Available
from: https://www.nchi.nlm.nih.gov/pubmed/8980434

31) Hirsch T. Varicose vein therapy and nerve lesions.
Vasa [Internet]. 2017 Mar;46(2):96-100. Available from: https:/
doi.org/10.1024/0301-1526/2000588

32) Dzieciuchowicz L, Krasi#ski Z, Gabriel M, Espinosa G.
A prospective comparison of four methods of endovenous thermal
ablation. Pol Przegl Chir [Internet]. 2011 Nov;83(11):597-605.
Available from: https://doi.org/10.2478/v10035-011-0095-4

33) Dermody M, O'Donnell TF, Bak EM. Complications
of endovenous ablation in randomized controlled trials. J Vasc
Surg Venous Lymphat Disord [Internet]. 2013 Oct;1(4):427-36.el.
Available from: https://doi.org/10.1016/j.jvsv.2013.04.007

34) Park HS, Kwon Y, Eom BW, Lee T. Prospective
nonrandomized comparison of quality of life and recurrence between
high ligation and stripping and radiofrequency ablation for varicose
veins. J Korean Surg Soc [Internet]. 2013 Jan;84(1):48-56. Available
from: https://doi.org/10.4174/jkss.2013.84.1.48

35) Ardan U, Cal#k E, Tort M, Y# d#z Z, Tekin A#, Limandal
HK, et al. More Successful Results with Less Energy in Endovenous
Laser Ablation Treatment: Long-term Comparison of Bare-tip Fiber
980 nm Laser and Radial-tip Fiber 1470 nm Laser Application. Ann
Vasc Surg [Internet]. 2017 Nov;45:166-72. Available from: https:/
doi.org/10.1016/j.avsy.2017.06.042

36) Steyaert A, De Letter J, Lanckneus M, Reusens H.
Endovenous Laser Ablation of the Great Saphenous Vein with a 1470
nm Wavelength Laser : Results of a Prospective, Single Centre Cohort
Study. Acta Chir Belg [Internet]. 2014 Jul;114(4):256-60. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/26021421

37) Gifford SM, Kalra M, Gloviczki P, Duncan AA, Oderich
GS, Fleming MD, et al. Reflux in the bel ow-knee great saphenous vein
can be safely treated with endovenous ablation. J Vasc Surg Venous
Lymphat Disord [Internet]. 2014 Oct;2(4):397-402. Available from:
https://doi.org/10.1016/j.jvsv.2014.04.004

38) Pamnier F, Rabe E, Rits J, Kadiss A, Maurins U.
Endovenous laser ablation of great saphenous veins using a 1470
nm diode laser and the radial fibre--follow-up after six months.

//’\L\ Vasculab

AL Arendt, FP Faccini - Nerve Injury in venous procedures

Phlebology [Internet]. 2011 Feb;26(1):35-9. Available from: https://
doi.org/10.1258/phleh.2010.009096

39) Trip-Hoving M, Verheul JC, van Sterkenburg SMM, de
Vries WR, Reijnen MMPJ. Endovenous laser therapy of the small
saphenous vein: patient satisfaction and short-term results. Photomed
Laser Surg [Internet]. 2009 Aug;27(4):655-8. Available from: https://
doi.org/10.1089/pho.2008.2389

40) Boersma D, Smulders DLJ, Bakker OJ, van den
Haak RFF, Verhoeven BAN, Koning OHJ. Endovenous laser
ablation of insufficient perforating veins. Energy is key to success.
Vascular [Internet]. 2016 Apr;24(2):144-9. Available from: https://
doi.org/10.1177/1708538115587214

41) Dumantepe M, Tarhan A, Y urdakul |, Ozler A. Endovenous
laser ablation of incompetent perforating veins with 1470 nm, 400 um
radial fiber. Photomed Laser Surg [Internet]. 2012 Nov;30(11):672—7.
Available from: https://doi.org/10.1089/pho.2012.3351

42) Kim KY, Kim JW. Early experience of transilluminated
cryosurgery for varicose vein with saphenofemora reflux: review
of 84 patients (131 limbs). Ann Surg Treat Res [Internet].
2017 Aug;93(2):98-102. Available from: https.//doi.org/10.4174/
astr.2017.93.2.98

43) Obermayer A.
Focused Ultrasound Extracorporeal Treatment of
Lower Limb Vens. Preliminary Results and Method
Description. Journal of Vascular Surgery: Venous
and Lymphatic Disorders [Internet]. 2018;6(4):556—7.
Available from: https://www.jvsvenous.org/action/showCitFormats?

pii=S2213-333X %2818%2930168-9&
doi=10.1016%2Fj.jvsv.2018.05.007

Ultrasound-Guided  High-Intensity
Superficia

44) Faccini FP, Souza JMC, Arendt AL. Occlusion of
the popliteal artery after focused ultrasound treatment - a case
report. JTAVR [Internet]. 2018;3(1):37—40. Available from: https./
doi.org/10.24019/jtavr.65

45) Rathod J, Taori K, Joshi M, Mundhada R, Rewatkar A,
Dhomane S, et al. Outcomes using a 1470-nm laser for symptomatic
varicose veins. JVasc Interv Radiol [Internet]. 2010 Dec;21(12):1835—
40. Available from: https.//doi.org/10.1016/j.jvir.2010.09.009

46) Scurr JRH, Scurr JH. Endovenous ablation
of varicose veinss medicolegal clams will  continuel
Phlebology [Internet]. 2007;22(3):95-7. Available from: https.//
doi.org/10.1258/026835507780807266

47) Doganci S, Yildirim V, Demirkilic U. Does puncture
site affect the rate of nerve injuries following endovenous laser
ablation of the small saphenous veins? Eur J Vasc Endovasc
Surg [Internet]. 2011 Mar;41(3):400-5. Available from: https./
doi.org/10.1016/j.€jvs.2010.11.029

48) Samuel N, Wallace T, Carradice D, Shahin Y, Mazari
FAK, Chetter IC. Endovenous laser ablation in the treatment of small
saphenous varicose veins: does site of accessinfluence early outcomes?
Vasc Endovascular Surg [Internet]. 2012 May;46(4):310-4. Available
from: https://doi.org/10.1177/1538574412443316

49) Bellmunt-Montoya S, Escribano JM, Dilme J, Martinez-
Zgpata MJ. CHIVA method for the treatment of chronic
venous insufficiency. Cochrane Database Syst Rev [Internet].
2015;(6). Available from: https.//www.cochranelibrary.com/cdsr/
doi/10.1002/14651858.CD009648.pub3/abstract

50) Pittaluga P, Chastanet S. Treatment of varicose veins by
ASVAL: results at 10 years. Ann Vasc Surg [Internet]. 2017;38:€10.
Available from: https.//doi.org/10.1016/j.avsg.2016.07.021

Journal of Theoretical and Applied Vascular Research (page 82) - JTAVR 2018;3(2):73-83


http://www.vasculab.eu
https://doi.org/10.1258/026835506777304692
https://doi.org/10.1258/026835506777304692
https://doi.org/10.1258/phleb.2012.012061
https://doi.org/10.1258/phleb.2012.012061
https://www.ncbi.nlm.nih.gov/pubmed/2184634
https://europepmc.org/abstract/med/8638298
https://europepmc.org/abstract/med/8638298
https://www.ncbi.nlm.nih.gov/pubmed/8980434
https://doi.org/10.1024/0301-1526/a000588
https://doi.org/10.1024/0301-1526/a000588
https://doi.org/10.2478/v10035-011-0095-4
https://doi.org/10.1016/j.jvsv.2013.04.007
https://doi.org/10.4174/jkss.2013.84.1.48
https://doi.org/10.1016/j.avsg.2017.06.042
https://doi.org/10.1016/j.avsg.2017.06.042
https://www.ncbi.nlm.nih.gov/pubmed/26021421
https://doi.org/10.1016/j.jvsv.2014.04.004
https://doi.org/10.1258/phleb.2010.009096
https://doi.org/10.1258/phleb.2010.009096
https://doi.org/10.1089/pho.2008.2389
https://doi.org/10.1089/pho.2008.2389
https://doi.org/10.1177/1708538115587214
https://doi.org/10.1177/1708538115587214
https://doi.org/10.1089/pho.2012.3351
https://doi.org/10.4174/astr.2017.93.2.98
https://doi.org/10.4174/astr.2017.93.2.98
https://www.jvsvenous.org/action/showCitFormats?pii=S2213-333X%2818%2930168-9& doi=10.1016%2Fj.jvsv.2018.05.007
https://www.jvsvenous.org/action/showCitFormats?pii=S2213-333X%2818%2930168-9& doi=10.1016%2Fj.jvsv.2018.05.007
https://www.jvsvenous.org/action/showCitFormats?pii=S2213-333X%2818%2930168-9& doi=10.1016%2Fj.jvsv.2018.05.007
https://doi.org/10.24019/jtavr.65
https://doi.org/10.24019/jtavr.65
https://doi.org/10.1016/j.jvir.2010.09.009
https://doi.org/10.1258/026835507780807266
https://doi.org/10.1258/026835507780807266
https://doi.org/10.1016/j.ejvs.2010.11.029
https://doi.org/10.1016/j.ejvs.2010.11.029
https://doi.org/10.1177/1538574412443316
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009648.pub3/abstract
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD009648.pub3/abstract
https://doi.org/10.1016/j.avsg.2016.07.021

51) Faccini FP, Ermini S, Franceschi C. CHIVA to treat
saphenous vein insufficiency in chronic venous disease: characteristics
and results. J vasc bras [Internet]. 2019 [cited 2019 Mar 15];18.
Available from: http://www.scielo.br/scielo.php?script=sci_arttext&
pid=S1677-54492019000100401& Ing=en& ting=en

52) Parés JO, Juan J, Tellez R, Mata A, Moreno C, Quer FX,
et al. Varicose vein surgery: stripping versus the CHIVA method: a
randomized controlled trial. Ann Surg [Internet]. 2010 Apr;251(4):624—
31. Available from: https://doi.org/10.1097/SL A.0b013e3181d0d0a3

53) van Groenendael L, van der Vliet JA, Flinkenflogel L,
Roovers EA, van Sterkenburg SMM, Reijnen MMPJ. Treatment of
recurrent varicose veins of the great saphenous vein by conventional
surgery and endovenous laser ablation. J Vasc Surg [Internet].
2009 Nov;50(5):1106-13. Available from: https://doi.org/10.1016/
.jvs.2009.06.057

54) Pavei P, Ferrini M, Spreafico G. Ultrasound guided foam
sclerotherapy of recurrent varices of thegreat and small saphenousvein:
5-year follow up. Veins and [Internet]. 2014; Available from: http:/
pagepressjournal s.org/index.php/vl/article/view/vl.2014.4655

55) Jaworucka-Kaczorowska A, Oszkinis G, Huber J, Wiertel-
Krawczuk A, Gabor E, Kaczorowski P. Saphenous vein stripping
surgical technique and frequency of saphenous nerve injury.
Phlebology [Internet]. 2015 Apr;30(3):210-6. Available from: https://
doi.org/10.1177/0268355514539316

56) Carp S. Periphera Nerve Injury An Anatomica and
Physiological Approach for Physical Therapy Intervention [Internet].

,A\ Vasculab

AL Arendt, FP Faccini - Nerve Injury in venous procedures

F.A. Davis; 2015. 384 p. Available from: https://market.android.com/
details?id=book-v-5vCAAAQBAJ

57) Scurr JRH, Scurr JH. Varicose veins a
review of 200 consecutive medicolegal claims. Clin  Risk
[Internet]. 2005 Nov 1;11(6):225-30. Available from: https.//
doi.org/10.1258/135626205774560182

58) Faccini FP, Arendt AL, PereiraRQ, OliveiraAR de. CHIVA
to spare the small and great saphenous veins after wrong-site surgery
on a norma saphenous vein: a case report. J vasc bras [Internet].
2019 [cited 2019 Mar 15];18. Available from: http://www.scielo.br/
sciel0.php?pid=S1677-54492019000100601& script=sci_arttext

59) Dickhoff C, Cremers JEL, Legemate DA, Koelemay MJW.
Medical liability insurance claims after treatment of varicose veins.
Phlebology [Internet]. 2014 Jun;29(5):293-7. Available from: https:/
doi.org/10.1177/0268355512474251

60) Markides GA, Subar D, Al-Khaffaf H. Litigation Claims
in Vascular Surgery in the United Kingdom's NHS. J Vasc Surg
[Internet]. 2008;48(4):1066. Available from: https://doi.org/10.1016/
j.]vs.2008.08.083

61) Rabe E, Partsch H, Hafner J, Lattimer C, Mosti G, Neumann
M, et al. Indications for medical compression stockings in venous
and lymphatic disorders: An evidence-based consensus statement.
Phlebology [Internet]. 2018 Apr;33(3):163-84. Available from: https.//
doi.org/10.1177/0268355516689631

Journal of Theoretical and Applied Vascular Research (page 83) - JTAVR 2018;3(2):73-83


http://www.vasculab.eu
http://www.scielo.br/scielo.php?script=sci_arttext& pid=S1677-54492019000100401& lng=en& tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext& pid=S1677-54492019000100401& lng=en& tlng=en
https://doi.org/10.1097/SLA.0b013e3181d0d0a3
https://doi.org/10.1016/j.jvs.2009.06.057
https://doi.org/10.1016/j.jvs.2009.06.057
http://pagepressjournals.org/index.php/vl/article/view/vl.2014.4655
http://pagepressjournals.org/index.php/vl/article/view/vl.2014.4655
https://doi.org/10.1177/0268355514539316
https://doi.org/10.1177/0268355514539316
https://market.android.com/details?id=book-v-5vCAAAQBAJ
https://market.android.com/details?id=book-v-5vCAAAQBAJ
https://doi.org/10.1258/135626205774560182
https://doi.org/10.1258/135626205774560182
http://www.scielo.br/scielo.php?pid=S1677-54492019000100601& script=sci_arttext
http://www.scielo.br/scielo.php?pid=S1677-54492019000100601& script=sci_arttext
https://doi.org/10.1177/0268355512474251
https://doi.org/10.1177/0268355512474251
https://doi.org/10.1016/j.jvs.2008.08.083
https://doi.org/10.1016/j.jvs.2008.08.083
https://doi.org/10.1177/0268355516689631
https://doi.org/10.1177/0268355516689631




MEDICAL IMAGING

JF Uhl - The DICOM format

REVIEW

DICOM format: definition and practical use in vascular

medicine

JF uhit

1

M.D, FacPh, Vascular surgeon, member of the French Academy of Surgery Research director of the Unesco Chair of

digital anatomy (Paris Descartes University) - www.anatomieunesco.org

submitted: Apr 1, 2020, accepted: Jun 7, 2020, EPub Ahead of Print: Aug 12, 2020, published: Aug 25, 2020

Conflict of interest: None

DOI: 10.24019/jtavr.81 - Corresponding author:Prof. Jean Frangois Uhl, jeanfrancois.uhl @gmail.com

© 2018 Fondazione Vasculab impresa sociale ONLUS. All rights reserved.

Abstract The imaging is essentia in vascular
medicine for diagnosis and treatment. New imaging
techniques since the advent of the spiral CT scan, invented
by Hounsfield and Mac Cormack in 1972, brought us
a revolution in whole medicine. This has been possible
thanks to the development of new standards for imaging,
particularly DICOM format. The aim of this paper is to
explain what is DICOM and how we use it in vascular
medicine. DICOM (Digital Imaging and Communications
in Medicine standards) is an universal worldwide format
used for medical imaging for all vascular investigation
techniques: sonography, CT (computed tomography) and
MRI (magnetic resonance imaging). Thisformat allows 3D
reconstruction of the patient's anatomy and gives access
to quantification of all anatomical structures of the body,
in particular of the vessels. It is achieved with dedicated
software called DICOM browsers. These new tools of
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Fig. 1- A: Hounsfield Unit scale B: Segment encompassing
certain remarkable anatomical stuctures
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tridimensional (3D) modeling of the vessels bring us more
accurate dataof vascular anatomy. They make usenterinan
era of new endoscopic and surgical techniques fully based
on the image data, and so open the way for simulation,
training and augmented reality.

Keywords DICOM, imaging, 3D modeling, 3D
reconstruction, vessels-anatomy

Outline

What is DICOM file?

What is DICOM used for?

What is the content of a DICOM file?

Imaging and reconstruction modalities with DICOM
Practical usein medicine

Methodology for 3d printing of the vessels
Examples of the DICOM use

I ntroduction

The DICOM? is a standard of medical image and is
universally used by radiologists and practitioners for the
diagnostic in radiology all over the world.

Furthermore, the reconstruction of rendered volumes
from DICOM bioimages has proven to be a great tool for
the analysis and virtual reproduction of human anatomy.
Knowing the procedure and the scope of the different tools
is mandatory to lead to an accurate diagnosis, improve
the surgery thanks to simulation and augmented reality
techniques.
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AccessionNumber
AcquisitionDate
AcquisitionNumber
AcquisitionTime
BitsAllocated

BitsStored
BodyPartExamined
CodeMeaning
CodeMeaning
CodeMeaning
CodeVaue

CodeVaue

CodeVaue

Columns

ContentDate
ContentTime
ConvolutionK ernel
DataCollectionDiameter
DateofLastCalibration
DeviceSerialNumber
DistanceSourcetoDetector
DistanceSourcetoPatient
Exposure
ExposureTime
FileMetalnformationVersion
FilterType

Focal Spots
FrameofReferenceUID
Gantry/DetectorTilt
GeneratorPower

HighBit
ImageComments
ImageOrientationPatient
ImagePositionPatient
ImageType
ImplementationClassUID
ImplementationVersionName
I nstanceNumber
InstitutionAddress
InstitutionName

KVP

The DICOM header

LargestimagePixelVaue
Manufacturer
ManufacturersM odel Name
MediaStorageSOPClassUID
MediaStorageSOPI nstanceUl D
M etaElementGroupL ength
Modality

OperatorsName

PatientI D

PatientPosition

PatientsAge
PatientsBirthDate
PatientsName

PatientsSex

PatientsWeight
PerformedProcedureStepDescription
PerformedProcedureStepl D
PerformedProcedureStepStartDate
PerformedProcedureStepStartTime
PerformingPhysiciansName
Photometriclnterpretation
PixelData

Pixel Representation

Pixel Spacing
PositionReferencel ndicator
ProcedureCodeSequence
ProtocolName
ReconstructionDiameter
Referencedl mageSequence
ReferencedPerformed
ProcedureStepSequence
ReferencedSOPClassUID
ReferencedSOPClassUID
ReferencedSOPClassUID
ReferencedSOPClassUID
ReferencedSOPInstanceUI D
ReferencedSOPI nstanceUI D
ReferencedSOPI nstanceUI D
ReferencedSOPInstanceUI D
ReferencedStudySequence
ReferringPhysiciansName
RequestAttributesSequence

Table| - Contents of a DICOM file header

RequestedProcedureCodeSequence
RequestedProcedureDescription
RequestedProcedurel D
RequestingService

Rescal el ntercept

RescaleSlope

RotationDirection

Rows

Sampl esperPixel

Schedul edProcedureStepDescription
Schedul edProcedureStepl D
Schedul edProtocol CodeSequence
SeriesDate

SeriesDescription
SerieslnstanceUID

SeriesNumber

SeriesTime

SliceL ocation

SliceThickness
SmallestimagePixelValue
SoftwareVersions

SOPClassUID

SOPInstanceUID

Sourcel mageSequence
SpecificCharacterSet
StationName
StorageMediaFile-setUID
StudyDate

StudyDescription

StudyID

StudylnstanceUID

StudyTime

TableHeight
TimeofLastCalibration
TransferSyntaxUID
WindowCenter
WindowCenterWidthExplanation
WindowWidth
X-rayTubeCurrent

The practical use of DICOM could be very important
also for telemedicine. In addition, DICOM is used aso

imaging data.

to store functional data, like blood velocity signals and
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spectral analysis. In this paper we will just focus on the
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|- What isa DICOM file?

TheDIcOM?! Imagefileisatagged imagefile; thefile
contains both an image (most of the time) and a collection
of data about theimage. Thedatain a DICOM imagefileis
stored as a sequence of individual elements. Each element
contains one item of information about the image or the
image itself. DICOM elements are binary, so DICOM files
cannot be viewed with a text editor.

Although each method hasits own physical principles
and specific equipment, all biomedical data are stored in a
common format: the DICOM file.

For the digitization* of bioimages and prevent
the subsequent conflicts of compatibility between files
of different origin, in 1993 the American College of
Radiology (ACR) in conjunction with the National
Electrical Manufacturers Association of the United States
(NEMA) developed and implemented the Digital Imaging

and Communications in Medicine standards® (DICOM).

These are a series of detailed specifications that
describe the suitable formats and exchange of medical
images mode. The core information of a DICOM file
is the bioimage (.dcm) and contains inseparable data
on the patient and the study performed since it has
IOD (Information Object Definition) containing al the
informations of the patient.

In this way it is possible to transfer and reproduce
images beyond the manufacturer (Siemens Healthcare®,
Philips®, GE Hedlthcare®, etc.), and even via the web
(HL7 v3), for the convenience of its various users.

*Digitize: Convert or encode into digit (numbers),
data or information such as an image or a document.

Principle of CT scan

It is necessary to understand what are the voxels, the
Hounsfield Units and the Threshold tool.

Definition of a voxe

Just as the pixel represents the smallest element that
make up aflat (2D) image, the voxel is a small cube with
aside of 100 microns that make up the acquisition volume
of the patient.

Hounsfield Units (HU)

It is the unit assigned to each voxel that makes up
a biomedical digital image and expresses the coefficient
of linear attenuation corresponding to the anatomical
structure subjected to X radiation. For practical application,
these units are subject to a scale caled the Hounsfield

Vasculab
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Scale, which is a quantitative scale that discriminates
the radiodensity of human tissues. (fig 1) Thus, water
corresponds to 0 HU; liver under normal conditions, an
attenuation of approximately 60 HU, while lung tissue -500
HU and compact bone about 1000 HU.

This tool also allows to determine the colors (RGB)
and the degree of opacity of each structure.

Threshold tool

The thresholding is the simplest way to achieve a
segmentation of theimage. It consistsinthe selection within
the volume of voxedls included between a minimum and a
maximum HU value. The voxels outside these values are
not displayed.

DICOM standard references

The DICOM Standardl with its official documents
can be downloaded or read online as web pages.

DICOM Browser - https://DICOM .innolitics.com/ -
This link is a useful website for browsing the various
DICOM information objects.

What isDICOM used for?

DICOM s used in virtually al health structures®
worldwide. It ensures the interoperability of systems used
to: Produce, Store, Display, Send, Query Process, Retrieve,
print medical images and derived structured documents, as
well as to manage the related workflow.

Who needs DICOM?

Radiologists and physicians get better access to
images and reports when DICOM isin place. This allows
them to make afaster diagnosis, potentially from anywhere
in the world.

Patients can obtain faster and more effective care
when DICOM s used to send their information through the
healthcare enterprise.

Hosgpitals, clinics, imaging centers and specialists can
make conformance to specific features of DICOM part of
their purchasing requirements to ensure these tools work
together across vendors to produce, manage and distribute
images.

Manufacturers of imaging equipment (CT, MR,
Ultrasound ...), Picture Archiving and Communication
System (PACS), and peripheral equipment (workstations,
3D printers, CD importers) conform to DICOM to ensures
compatibility of their equipment at every medical imaging
facility.
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3D viewers
Name free website
HOROS MAC YES https://horosproject.org/
OSIRIX NO https://www.0SiriX-Viewer.com
3DSLICER Mac/pc NO https:.//www.slicer.org
MicroDICOM PC YES http://www.microDI COM .com/downloads.html

RadiAnt DICOM Viewer PC NO https.//www.radiantviewer.com/

Philips DICOM Viewer PC NO clinical.netforum.healthcare.philips.com/global/Explore/
Clinical-News/MRI/Philips-DICOM-Viewer-downl oad-
version-R30-SP3

Sante DICOM Viewer PC YES https.//www.santesoft.com/win/sante-DI COM-viewer-

FREE pro/download.html

ORSVisud Lite PC NO http://www.theobjects.com/orsvisual/index.html

Mango Mac  NO http:/ric.uthscsa.edu/mango/mango.html

ORPALISDICOM PC NO https.//www.orpalis.com/labs/DICOM-viewer

viewer

Onis PC YES http://www.onis-viewer.com/Productinfo.aspx?d=19

MiViewer PC NO https.//www.millensys.com/forms/
download_miviewer.php

Ginkgo CADx PC NO http://ginkgo-cadx.com/en/

MEDISP Lab DICOM PC NO http://www.bme.teiath.gr/medisp/

Viewer downloadM EDISPDICOM Viewer.htm

Weasis PC YES https:.//sourceforge.net/projects’/dcmdche/

YAKAMI DICOM PC NO https.//www.kuhp.kyoto-u.ac.jp/~diag_rad/intro/tech/
DICOM _tools.html

DICOM Viewer 2.0 PC YES https://www.robomedical.com

Open DICOM Viewer PC YES https.//sourceforge.net/proj ects/opendicomviewer/

Agnoso PC YES http://www.e-DICOM.com/

Table !l - Main DICOM viewers

3D printing
Software function input format action output format
HOROS® DICOM viewer DICOM Extracting a 3D mesh obj
gross segmentation
MESHMIXER® 3D modeling obj Refinement of segmentation  obj/mix
software Cleaning — mesh repair
CURA® for 3D print obj Parameters for 3D printing gcode

Tablelll - the 3 steps to build 3D printable mesh models from angio-CT

\
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Slices from MRA
pulse sequence
stored and
processed as
volumetric data set

Fig. 3 - Multiplanar reconstruction technique (MPR)
correspondence of the 3 planes sagittal (top left) axial
(bottom left) and coronal (right)

Fig. 4 - 3D direct volume rendering of the thorax (VRT)

_A Vasculab

JF Uhl - The DICOM format

Payers benefit from this faster and more effective
process through potentially lowered cost of care.

DICOM's purpose is to meet each of these different
requirements.

What isthe contents of a DICOM file?

2 parts: header and data

1- the header contains all informations regarding the
patient, the exam and the parameters of the following data:
tag, data type and length (see table)

2- image DATA = images under the DICOM format
(512 x 512 pixels) commonly coded into on 256 bits that
is 256 levels of gray. But DICOM could support higher
resolution and color-coded images.

[1- IMAGING & RECONSTRUCTION
MODALITIESwith DICOM

It is possible to use dedicated software named

DICOM browser® (see Table Il) to obtain different
reconstructions of the DICOM files:

1. Maximum intensity projection (MIP) is a method
for 3D datathat projectsin thevisualization planethevoxels
with maximum intensity that fall in the way of parallel rays
traced from the viewpoint to the plane of projection (fig
2). It connects the high intensity dots of the blood vessels
in three dimensions, providing an angiogram that can be
viewed from any direction.

2. Multiplanar reformation or reconstruction (MPR)
involves the process of converting data from an imaging
modality acquired in a certain plane, usualy axial, into
another plane (fig 3)

3. 3d reconstruction by volume rendering technique
(VRT) Itisatype of visualization technique which createsa
three dimensional representation of data with voxels, using
view-aligned texture mapping and diffusereflection (Figure
4).

I11- Practical use of DICOM
medicine

imaging in

3d reconstruction for patient assessment IN
SURGERY and RADIOLOGY by VRT isatruerevolution:
More accurate morphological 3D information from new
imaging techniques open theway for pre-procedure surgical
planning and simulation.

3D printing from angio-CT DICOM*® files makes
surgery safer for patients by placing real anatomy in the
hands of surgeons before they go to theatre. Image-guided
is also becoming mandatory to help endoscopic and mini-
invasive procedures and lower the risk of complications.
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It iscommonly used by orthopedic surgeons7

It is mostly true for hepatic surgery surgery as
demonstrated by Soler and Marescaux®

It has also multiple applications in neurosurgery,

9

in particular treatment of craniostenosis’, in plastic

and reconstructive surgerylo. In the vascular field, we
commonly use today 3D models for planning, simulation,

and training in vascular surgery11

Laparoscopic Quantitative 3D Endos:copy12 as well,
is used for Image Guided Surgery.

13-14

3d dose deivery in radiology and

Radiotherapy15 are essential to improve efficiency and
avoid complications

The new dose validation system for Gamma Knife
radi osurgery16 uses aDICOM-RT interface.

Working with DICOM images from CT and MRI
scan datawill also help Dental 1719 Medical and Veteri nary

practitioners20 by producing trueto life 3D printed models
of patient anatomy to inform procedures and reduce risk.

IV- Methodology for 3d modeling and 3d
printing of vascular models

This could be achieved by several companies on the
web providing the full service “from DICOM to print”:

Medimodel (https://medimodel.com)

Think3D (https://www.think3d.in)

D2P from 3dsystems (https://www.3dsystems.com/
DICOM-to-print)

We aso propose here a simple way in three steps,
using the following available free software:

1- Horos® (working only on Mac computers) is
a DICOM® viewer and provides a 3D reconstruction
of the venous anatomy. It produces 3D vector models,
also called 3D mesh, obtained by a segmentation process.
Available at: https:/fr.freedownloadmanager.org/Mac-0OS/
Horos-GRATUIT.html (april 2020)

2- Meshmixer® is then used to clean, simplify
and repair the huge 3D mesh file produced by Horos®.
Available at: https://meshmixer.updatestar.com/fr (april
2020)

-A\ Vasculab
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- Cura® is findly used to build a “gcode”’
file. This will tell the 3D printer how to dlice and
print the 3D anatomical model. Available at: https./
cura.updatestar.com/fr (april 2020)

|Angioscanner |

3

Horos®software
| 3d vectorial model

Meshmixer®
cleanlns reva\rlns

CUR A‘
3D printing

Giacomini vein

FV + avial vein

brain vessels

Ulfimaker * *

Fig. 5 - Methodology of 3D printing of educational models
of venous anatomy. (workshop presented at Charing Cross
2019 and Krakow's 2019 UIP chapter meetings)

V-PRACTICAL EXAMPLES of the DICOM
use

1- Educational use of 3D modeling

- CT-venography (CTV) is both a great educational
tool to learn venous anatomy and a powerful research tool
to improve our understanding of the venous system.

- Building with Horos® 3D animations, rotational
models and journeysinside the body.

- Allows a virtual dissection of the human body ; it
is a powerful teaching and learning tool for the students
in human anatomy: to prepare, but not replace, cadaver

dissection. (table of virtual dissection®!, see figure 6)

- 3D printing of anatomical models is a great tool
to study anatomical variations, which are so common in
the venous network. Examples of variations of the short
saphenous vein termination and the femoral vein variations
are shown on figure 7.
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Fig. 6 - Virtual dissection table “ DIVA3d” using a huge touch screen to teach and learn human anatomy.

Fig. 7 - 3d printed models of a patient from a CT-
venography: example of a dilated Giacomini vein (in
purple) Left: posterior view middle: lateral view right:
posteromedial view 1= Great saphenousvein (in light blue)
2= Giacomini vein (in purple) 3= Popliteal vein (in dark
blue) 4= Venous arcades of the semimembranosus muscle
(in green) 5= Hunterian perforator vein with GSV (in red)
6= Thigh perforator with the Giacomini vein.
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2- Web communitiesfor sharing 3d anatomical
models

For sharing 3D anatomical models, several websites
are available on the web.

Some of them are totally free, and you can even
download severa printable 3d models.

- www.embodi3d.com (biomedical 3D printing) with
possibility to Automatically convert CT scans into 3D
Printable Models for Free with democratiz3D®.

- NIH 3Dmodels.com show a large collection of 3D
models of vascular cardiac pathology.

Other web solutions propose to host your models:
Sketchfab®. (www.sketchfab.com.)

You have to subscribe to buy or sell your own
collection of 3d models. You can include labels of the
structures (fig 8) and display the model in Virtual Reality
mode.
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Fig. 8 - Display of the interactive 3D model of the head
& neck with labels using Sketchfab® (available at: https://

skib.ly/6QYx2)

Conclusion

DICOM format is a worldwide format of imaging
in medicine, making possible to build realistic 3D models
of human anatomy, especialy in the field of vascular
pathology.

The new tools of 3D modeling congtitute a
true revolution in educational anatomy and for clinical
applications in the case of complex vascular anatomy.

It is also the future of surgery providing an accurate
information about the vascular anatomy of each patient.
The modern surgery has to be an image-guided surgery
for an elective and more limited ablation of organs
(segmentectomy) and for less complications.
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Abstract

Introduction: The author has designed and implemented a
modified method of foam sclerotherapy (FS) over some
years which he believes |owers the rate of complications of
the procedure while maintaining efficacy of the procedure
as assessed clinically and by duplex ultrasound. This
modified technique istermed Foam Washout Sclerotherapy
(FWS) and involvestheremoval of theinjected foam froma
point distal to itsadministration level. Thisarticle compares
the success rate and the rate of complications between
FWS and FS of varicose veins. All procedures have been
performed by the author over a period of 4 years. The
basic principle of FWS is to inject a certain volume of
a detergent-based foamed medication at the proximal part
of the targeted vein and removing the injected foam from
the same vein viaa distally placed IV catheter within 5-10
seconds. The primary end point of the study was limited
only to the comparison of the closure rate of treated vein
segments (success rate) and complication rates.

Materials and Methods: A retrospective review of FWS
and FS cases performed between late 2008 to late 2012
was carried out. The review included only the cases that
had regular follow-ups for one year consisting of 823
sclerotherapy treatments (292 in FS group and 531 in
FWS group) among 657 patients. Studied veins were great
saphenous (GSV), small saphenous (SSV), and anterior
accessory saphenous vein (AASV) varicosities. Follow up
included a phone call in 24 hours, re-exam and ultrasound
studies in 2 months, 6 months, and 12 months. Most
patients had additional follow up in 2-3 weeksat whichtime
physical examination & ultrasound study was performed.

Introduction
Foam sclerotherapy (FS), as practiced by the author
for more than 2 decades, has consisted of the injection

Vasculab

Some patients received sclerotherapy of unsightly spider
veins of legs at time of follow-up visits. For better
visual understanding of the FWS technique a clip on
YouTube.comis available:
https://www.youtube.com/watch?v=Usw9_d2uTvl&t=4s
Results: The cohort consisted of 823 incompetent veinsin
657 patients. 505 patients were female and 152 were male.
Mean age was 48.5 (23 - 76). Each case was followed for
12 months. Overall successrate of sclerotherapy in both the
FSand FWS groupswas similar at around 90% or abovefor
different groups of veins treated. Overall complication rate
was 20.2% in the FS group versus 6% in the FWS group.
Discussion: The author presents the results of a
retrospective analysis of success and complication rates
between the standard method of foam sclerotherapy (FS)
of varicose veins, as practiced at his vein clinic, with
a modified method named foam washout sclerotherapy
(FWS) that he implemented for the first time in late 2008.
The author presents that by removing the injected foam
from the lumen of targeted varicosity, complication rate is
lowered while successrate isidentical in both methods.
Conclusion: The author suggests that the modified
technique of FWS in the treatment of lower extremity
varicose veins is associated with fewer complications
compared to FS, is equally as effective as FS and in the
future FWS may replace the current FS technique for
chemical ablation of some cases of varicose veins of legs.

Keywords Foam  Washout
Foam Sclerotherapy, Varicose veins,
Complications, Chemical Vein Ablation

Sclerotherapy,
Sclerotherapy

of a small volume (4-7ml in most cases) of a detergent-
based sclerosing agent into atargeted incompetent varicose
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vein of lower extremity with the goal of complete
sclerosisresulting in occlusion. On the average, the success
rate of foam sclerotherapy has been reported at around

75.8-87%"". However, there have been reports of several
complications such as deep venous thrombosis (DVT),

migraine headaches, vision disturbances, and strokes! ™

The mechanism for Centra Nervous System (CNS)
symptoms and migraine headaches has been suggested
to be related to the release and circulation of vasoactive

POINT OF
MANUAL COMPRESSION
DURING FOAM
INJECTION

CIRCULATION
OF ENDOTHELINS

JUNCTION
WITH DEEP
VEIN

NIDUS FOR
DVT
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mediators (endothelins) from injured endothelial cells

associated with foam scl erotherapy8'9'12.

The author has pioneered and implemented a new method
of foam sclerotherapy attempting to lower the rate of the
above complications. This new method, Foam Washout
Sclerotherapy (FWS), involves removing most to al of the
injected foam from the lumen of the targeted varicosity,
and potentially removing the endothelins thought to be
responsiblefor some of the complications. Thus, the current
paper searches for a possible lowered risk of DVT aswell.

SUPERFICIAL

VART CZ_ITY

PERFORATING VEINS

\\’_DEEP\E[E

DEEP VEINS

Fig. 1 - Potential for complications in foam sclerotherapy of a superficial varicosity.
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Fig. 2 - Foam Washout Sclerotherapy of superficial varicose veins.
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FS Group

FWS Group

# of cases 292
Gsv

Ssv

AASV

# of cases 531
Gsv

Ssv

AASV

Table | - Success Rate

162
98
32

178
308
45

Sustained closure casesin 12 months

149 (91%)
87 (89%)
30 (94%)
165 (93%)
289 (94%)
4 (92%)

FS (foam sclerotherapy), FWS (foam wash out sclerotherapy) GSV (great saphenous vein), SSV (Small Saphenous vein)
AAV (anterior accessory vein of the thigh)

FS Group
Total 292

GSV 162
SSV 98
AASV 32

FWS Group
Total 531

GSV 178
SSV 308
AASV 45

Table Il - Complication Rates

Transient Transient Headaches/ DVT Superficial
Vision Neurologic  Migraines venous
Disturbance  Symptoms thrombosis
6 (3.7%) 1 (0.6%) 5 (3%) 1(0.6%)a  15(9%)

3 (3%) 0 (0%) 5 (3%) 2(2.04%) b 15 (16%)

1 (3%) 0 (0%) 1 (3%) 0 (0%) 4 (13%)

0 (0%) 0 (0%) 2 (1.1%) 0 (0%) 12 (7%)

0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 (4.9%)
0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (6.6%)

FS (foam sclerotherapy), FWS (foam washout sclerotherapy) GSV (great saphenous vein), SSV (small saphenous vein)
AASV (anterior accessory vein of the thigh), SFJ (sapheno femoral junction), gastrocnemius vein (GV).

a: GSV DVT, thrombus limited to proximal GSV with 2mm extension into SFJ.

b: SSV DVT, thrombus limited to a single GV.

Material and methods

Techniques

Foam sclerotherapy (FS) as practiced by the author:
After ultrasound/doppler mapping of reflux sources in all
cases of varicose veins, foam sclerotherapy begins by
injecting the proximal segment of the incompetent vein at

_4\" ~ Vasculab

3-5 cm distal to the source of reflux (junctional reflux or
incompetent perforating vein). The patient is placed in the
supine position and the leg is el evated 10-20 degrees during
the foam injection. Then, while the ultrasound transducer
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is monitoring the appearance of foam in the lumen of the
targeted vein, the foamed sclerosing agent is injected over
3-5 seconds. Using the ultrasound transducer, as soon as
the foam appears at the reflux source, since the injection
is done near the incompetent connection to a deep vein,
manual compression is applied there for a few seconds
until the injection is completed and catheter is withdrawn
to prevent the foam from entering the deep vein system.
Foamisprepared by mixture of CO2 gaswith either sodium

tetradecyl sulfate (STS) or Polidocanol using the Tessari
method. The author used STS in concentrations 1.5%-3%
for varicose veins with a caliber > 7mm. Polidocanol 1%
is used for veins up to 7mm in caliber. Liquid to gas ratio
isusualy at 1:3 or 1:4. The foam is allowed to stay in the
system and none of theinjected material iswithdrawn. After
the treatment compression stockings are used for 7-14 days.
(Figure 1)

The author’s modified technique (Figure 2), named foam
washout sclerotherapy (FWS) consists of placement of at
least two 1V access catheters 20G-19G size, with lengths
between 3-5 cm at two levels (approximately 10-12 cm
apart) in the targeted varicose vein segment. The tip of
the most proximal catheter, which receives the first foam
injection, is approximately 3-5 cm distal to the identified
incompetent perforating vein or junction. To avoid collapse
of the lumen of the targeted varicose vein, the leg is kept
at body level (theleg is not elevated). Then the ultrasound
probe, in transverse orientation, is placed at the source of
reflux over the target varicose vein.

Next, injection of 4-7 ml sclerosing foam (STS 1.5%-3%
for large varicose veins and Polidocanol 1% for small
varicose veins up to 7mm in diameter) into the proximal 1V
catheter is started. The injection is made over 3-4 seconds,
while applying pressure over the reflux source using the
ultrasound probe to prevent the foam from entering the
deep vein system. In the middle of theinjection an assistant
starts applying a very gentle negative aspiration force to
the out-port syringe very slowly at the beginning (to avoid
collapsing the vein walls over thetip of the IV catheter) and
starts to aspirate the foam and continues this gentle action
until withdrawal of foam ceases. Next, while proximal
to distal direction massage is applied, both catheters are
removed and compression stockings are put on the leg,
and the patient is ambulated. Following both methods
of sclerotherapy, 30-40mmHg Compression stockings are
used for a period of 7-14 days (14 days for GSV & SSV
reflux cases and 7 daysfor AASV reflux trestment).

When the incompetent varicosity is longer than 12
centimeters, more than 2 access catheters are placed (A, B,
C..) before starting the treatment and the same procedure
is repeated in a stepwise fashion starting from the most
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proximal segment first (A-B, B-C). This modification is
named multi-segment FWS.

The aim of the current preliminary paper is to present the
FWS procedure. A thorough statistical analysisof FWSdata
will beincluded in future articles covering FWS subject.

Patients Char acteristics

Our cohort consisted of 657 patients, 505 of which
were female and 166 received treatment on two different
varicoseveins, making atotal of 823 treatments. Therewere
292 treatments using FSand 531 using FWS. Mean agewas
48.5 (23-76).

The high proportion of SSV cases included in the FWS
group is due to the choice of the patients and availability
of other treatment optionsfor GSV and SSV disease during
the latter part of the study period.

Since this was not a prospective study, no attempts were
made to allocate cases in equal numbers between different
treatments. Therefore, the total number of incompetent vein
types which received either type of treatment technique
was not planned. Patient preferences were amajor factor in
choosing the treatment method.

Patients were followed up for 12 months (9 -14): by phone
calsin 24 hours and re-exam and ultrasound evaluation in
2 months, 6 months, and 12 months. Most patients had a
follow visit at 2-3 weeks as well. At follow up visits some
patients received sclerotherapy of unsightly spider veins.
None of the varicose veinstreated by FS and FWS methods
received retreatment during follow up visits.

Treatment success was defined as; Complete occlusion and
lack of reflux in treated varicose veins at both 6 and12
months follow up. Any recanalization that demonstrated
reflux was not considered a success.

This retrospective study looked only at success ratesin the
two groups as defined above and compared complication
ratesin the two groups without attention to any other factor.

For better visual understanding of the FWStechnique aclip
on YouTube.comis available:
https.//www.youtube.com/watchv=Usw9 d2uTvI&t=4s

Results

In the FS group success rate was 91%, 89%, 94% for
GSV, SSV, and AASV respectively. The success rate was
93%, 94%, and 92% for GSV, SSV, and AASV respectively
for the FWSgroup. Overal, the successratesare essentially
identical (Table ).
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In the FS group the total combined complication rate for
combined complication rate was 20.2% , while the total
complication rate in the FWS group was 6% (Table 2).

There were no cases of DVT in FWS cases. In the FS
group one patient treated for SFYGSV reflux developed
extension of great saphenous vein (GSV) thrombusinto the
saphenous femoral junction (SFJ) region and two cases of
gastrocnemius vein thrombosis (classified as DVT in this
series) were found.

There was no case of PE in either group. There were
differences in other complication rates between the two
methods: vision disturbances, headaches, and superficial
venous thrombosis were lower in the FWS compared to the
FS group. It may be noteworthy to mention that regarding
the very few cases of DVT that were observed, all were
in the FS group and 2:3 of the cases involved only part of
gastrocnemius veins.

Transient neurologic symptoms was in 0.6% of FS group
and was not noted in FWS group.

Discussion

FWS has been introduced and implemented by the
author in 2008 in a clinical setting, at a time when there
were no prior articles covering the FWS technique or its
comparison to FS.

A first glance at the complication rate in our FS group
may suggest a higher rate of DVT than in some published

articles>%. However, the author points out that no
previously published articles have included in their DVT
complication rates such things as gastrocnemius vein
thrombosisand thrombus extending to the SFJlevel without
involvement of the femoral vein, as we have done in this

paper 3.

Superficial venous thrombosis is commonly observed in
phlebology practice and we recorded thisasacomplication.
Our series recorded superficial venous thrombosis at 4.9%
to 16% depending on which veins were injected. This
compares favorably with one previous article recording a

rate of phlebitis of 8.2% to 33% 2

Our rate of transient headaches after foam sclerotherapy
(FS) is similar to published rates4). We regard the overal
published rate of major neurological complicationsisunder
estimated and more research into actual complication rate

is recommended >’. Thus, the author’s complication rate
in the FS group is similar to published articles. Our
complication rate with the new method of foam washout
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sclerotherapy (FWYS) is less than with FS group, while the
success rate is similar in both groups.

We consider that the most important factor through which
FWS provides safer foam sclerotherapy, appears to be
the fact that in the FWS method the application of
positive pressure (injection of foam) at the proximal site
of injection and negative pressure at the distal foam
withdrawal point (out-port) of the same varicose vein
provides a desired directional foam flow, which prevents
the foam from flowing into unwanted territories such as
deep veins through perforating veins>>’ and adjacent
healthy veins. With FWS the treating physician selects
exactly the segment to be sclerosed. Furthermore, the
absence of any vision disturbance and migraine headaches
in FWS suggests that most probably the withdrawing
syringe content contains the used foam as well as any
immediately released endothelins, which are extracted
in place of being alowed to circulate in the patient’s

circulation®?.

Since the success rate between FS group and FWS group
areidentical, it appears that 5-10 seconds of contact of the
endothelium with an effective concentration of a detergent
based sclerosing foam, as is done in FWS, is sufficient to
achieve effective chemical ablation of varicoseveins(Table

).

If the FWS technique is performed correctly, since the
injected foam is removed instead of being left in the
circulation system, the treating physician has more freedom
over choice of volume and concentration of the injected
foam, as well as the contact time of foam with the
endothelium of the targeted segment of varicosity. Thus,
the FWS may achieve better resultsin cases of large caliber
varicosities.

Future studies comparing FWS with FS and other treatment
modalities may provide additional useful information
regarding foam sclerotherapy techniques in clinical
practice.

Conclusion

Based on a 4-year single center experience, the
author presented the results of a retrospective analysis of
success and complication rates of two foam-based chemical
ablation methods of treating varicose veins consisting of
standard method of foam sclerotherapy (FS), as practiced
at his vein clinic, with a modified method named foam
washout sclerotherapy (FWS) that he implemented for the
first timein late 2008.

The type of incompetent veins that were included in
this article were great saphenous vein (GSV) and small
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saphenous vein (SSV) and anterior accessory saphenous
vein (AASV). The study included chemical ablation of 832
incompetent vein cases among 657 individuals. Treatment
success was defined as complete occlusion and lack of
reflux in treated varicose veins a both 6 and 12 months
follow up visits. Any recanalization that demonstrated
reflux was not considered a success.
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It was quite an exceptional and challenging task but
| have never had such unique experience to read about
multiple sclerosis (MS) as ‘aways wanted to know but
afraid to ask!’

This is a monumental summary for such myth-
embedded M 'S, no one ever clarified sufficiently so far as|
know of, | once again confirmed.
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Although hewrote this manuscript in an ‘ essay’ style,
adding much of his personal opinion/feeling on current
status of MS, unfairly governed by the neurologists, with
full of despair, hisreview on the MS from CCSV1 point of
view islogically impeccable with no doubt.

Oneof few interesting highlightsin hissummary ishe
also shared same hemodynamic interpretation on the reflux
versus obstruction in the peripheral venous system.
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Indeed, this manuscript gave me an eye-opening
opportunity to learn what | do not know about MS - MS
has a higher prevalence as coexisting condition with the
venous malformation- and further what | should know more
about M, clarifying much of confusion/misunderstanding
on ‘undeniable’ relationships between MS and CCSVI.
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The Compression Therapy Group (CTG) released
in Sep 2018 a comprehensive report of the 3d

Consensus Conference on Compression Therapyl in
phlebo-lymphology, with the aim of unifying the evidence
based knowledge with the daily clinical practice. The book
isorganized in severa sections, which authoritatively guide
the reader into the apparent complexity of compression.

History of compression starts in the prehistorian age,
while compression developsin parallel with the knowledge
of venous diseases. The historian chapter contains a lot
of precious details about forgotten authors of the past as

Journal of Theoretical and Applied Vascular Research (page 102) - JTAVR 2018;3(2):101-103


http://www.vasculab.eu
https://doi.org/10.24019/jtavr.58

well as of the modern era and describes alto the birth of
compression industries and patents.

Bandageswere knows sincethe ancient age, whilethe
elastic stockings were born just in the middle X1X century.
Aninteresting paragraph tellsusthehistory thetextilefibres
and how they evolved into the materials used today.

A thorough attention is given to the pathophysiology
of compression and to its biophysical properties like
eladticity, hysteresisand extensibility. Pressure of bandages
is different during muscle contraction (working pressure)
or at rest (resting pressure) and applying a bandage
it's necessary to take into account its elasticity. The
classification follows several national standards, between
them the German RAL-GZ 387 and the English BS
7505:1995. Anyway, the practical behaviour of a bandage
depends strongly on the application technique, which has
itslearning curve.

A current issue, which captures today the attention
of several manufacturers, is the in vivo measurement of
compression of bandages aswell as compression stockings.
Another actual debate about the advantages of progressive
vs. graduated compression stockings is thoroughly treated
together with the available evidences.

The Consensus deal sal so with the use of compression
in several pathological conditions. Limiting to vascular
surgery, interventions can be classified according to their

Do you want to get your book advertised on JTAVR ?

Firstly, send a message to jtavr@vasculab.eu, with the book
cover image and the index, asking if the content of the book fits the
Editorial Lines of the Journal.
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thromboembolic risk (low, score 0; medium, score 1; high,
score 2) and to the need of a compression device for
thrombosis prevention. For instance, superficial venous
surgery has a0 score, while open aortic surgery a 2 score.

However, in superficial venous surgery compression
is used generally to reduce pain and to improve aesthetic
results aswell as quality of life (QoL).

As regards lymph diseases, compression is not only
a mandatory therapeutic resource in clinical practice, but
entersin the definition of the complex decongestive therapy
(CDT), which uses stockings, bandages and intermittent
pneumatic compression (1PC).

Interestingly, preliminary data and hypotheses are
presented about the role of biochemical changes after
compression in venous and lymphatic diseases. Though the
study is just in a preliminary way, these suggestions open
to anew promising point of view in research.

In conclusion, the CTG Consensus is a
comprehensive report about the role of compression in all
its variegate forms, as a successful tool in vascular daily
practice.
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MONTREAL

QUEBEC

For the past 44 years, the Canadian Society of
Phlebology (SCP) has been hosting a congress on chronic
venous disease. The last congress took place in Montreal,
Qc, Canada, November 1-3, 2019. Leading expertsfrom all
the scientific fields in phlebology got together to provide
meaningful multi-faceted explorations of complex issues.

Vein care professionals participated in a three-
day dynamic event. The first day, the program alowed
interactive discussions and debates on curriculum topics of
interest and all aspects of ultrasound- guided sclerotherapy.

Vasculab

Drs. Bentley, Hill, Hamel-Desnos, Wong, Raymond-
Martimbeau, Gianesini, Crebassa, Paradis, Zerrouk,
Antignani, Cervi, Danylewick, Dupuis, Kieffer, Nadeau,
St-Amour and Zummo contributed through case studiesand
debates to make this day a great educational experience.

The second day, delegates shared their research
output and clinical experience whereas advanced issues
and novel surgical and non-surgical technologies were
covered. In collaboration with the vWin Foundation, an
historical Pupil & Tutor session organized by DrsGianesini,
Bentley, Serralde and Raymond-Martimbeau was very
successful. Young phlebologists coached by mentors
presented common research. Discussants commented on
their work. An award was given to the paper: Iliocaval
Recanalization for Permanent Filter-Associated Venous
Thrombosis from Drs Perez-L ucas and Torres-Martinez.

Drs. Perez Lucas, Rodrigues, Sumaj, Nguyen and
Esper were the young finalists for this project. The
third day, the high quality of research presentations also
contributed to the great success of this event.

We wish to thank the presenters, participants and
industry sponsors for their ongoing commitment to
education and their support which directly benefit our
patients.

The SCP congresstakes placetwiceayear, inthe Fall
inthe East part of Canadaand in the Spring in the West part.
Each time, a multidisciplinary Canadian and International
faculty mingle together, both researchers and clinicians to
offer a global vision of phlebology and create knowledge
exchange for better patient care.
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The next congress will be held in Vancouver, BC,
Canada on 25-26 April 2020. The highlights will be: pelvic
venous disease, interactive case studies, and discussion of
original papers. Physicians from different disciplines will
be sharing the same vision and educational purpose.

Congress reports

We arelooking forward to wel coming you to Canada,

Pauline Raymond-Martimbeau, MD, FAVLS, DABVLM
Vice-President, Canadian Society of Phlebology
Director, Dallas Non Invasive Vascular Laboratories
Director, Vein Institude of Texas
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The event, arrived to its 36th edition, represents
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and international personalities in the world of Vascular
Medicine, Vascular Surgery and research, to addressissues
of general interest concerning vascular pathology and to
discuss, particularly, what's new in vascular diagnostics
that technology makes available for increasing accurate
clinical-therapeutic pathways.

The scientific committee has established as main
topics what is usually done in diagnostic terms during
surgical procedures and on what must be done in the
control of the same and in the follow up of the performed
procedures, both in the arterial and venous field, given the
many possibilities, especially in phlebology, to deal with
the same pathological condition with different methods.

If it is true that vascular diagnostics is the true
company mission, it is aso true that only knowledge
and competence in vascular medicine can alow the
correct application of technological advanced diagnostic
methods: the "transversality" of vascular diagnostics cannot
therefore ignore the deep clinical knowledge of the treated
pathologies as well as the knowledge of the intervention
procedures to allow an adequate verification of the results
of the therapeutic acts.

After a pre-congress moment traditionally dedicated
to training through theoretical and practical courses
concerning a “vascular pathway in phlebo-lymphatic
pathology” and a“vascular pathway in arterial pathology”,
the congress has been opened with a session dedicated
to technological updating. Other sessions was on
“chronic venous disease”, “trophic lesions’ and “venous
thromboembolism” discussing the methodology and

diagnostic technique, pointing on the difficulties for a
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correct post-procedural or post therapeutical diagnosic
evaluation.

The second part of the congress was dedicated to a
theme often forgotten but of fundamental importance such
as “diagnostics in the operating theater” with particular
regard to: technology at the service of quality control inthe
operating room of vascular surgery and the modern aortic
center. Large space has been devoted to the management of
carotid, aortic pathology and arterial pathology of the lower
limbs.

Vasculab

Congress reports

The high scientific level of the speakers and the
presented reports have guaranteed the excellent success
of the event with great satisfaction of the faculty and the
numerous participants.

Prof. Leonardo Aluigi

President
Italian Society for Vascular Investigations (SIDV)
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Michael Foldi has left us.

He did with great dignity, as he had done for along
life dedicated to the reief of the suffering of patients, and
to the education of a huge number of health workers who
today, in the world, spread his experience and are sad for
his death.

| prefer to remember him, on behalf of the many
lymphologists who adhere to the International Society of
Lymphology (ISL), for hisextraordinary interest inresearch
and continuous updating.

Together with his wife Ethel he spent his life
dedicating it to the study and treatment of patients with
lymphedema, creating in Germany, at Interzarten near
Freiburg in the wonderful Black Forest, one of the most
famous|lymphological Centersintheworld, where together
with his specialized staff he welcomed patients coming
from every continent for their necessary treatments.

Among the founding members of the ISL, in Zurich
in July 1966 (also in this forerunner and far-sighted) he
joined the new European Lymphology Group just as early
in March 1982 (which later became the European Society

A Vasculab

Figure 1 - Prof. Michael Foldi.

of Lymphology). In both contexts he constantly brought his
contribution of scientific and human wealth with the active
and participatory presence in congress discussions, always
conducted with refinement, pragmatism and high scientific
level.

It is not possible to foresee how many doctors and
physiotherapists were trained over time at his School of
Formation founded in Interzarten, coming from all over
Europe and even from overseas. He chaired also several
practical and theoretical courses abroad. | had also the
honour to participate to one of them, organized by Prof.
Corradino Campisi in Genoa, having the good fortune
to listen to him as a teacher, apparence under which he
excelled.

His studies were published in al the major
international journals of the sector and many of them
were particularly innovative and enlightening. Among
them | would like to mention his experience on guinea-
pigs, that demonstrated the lymphokinetic effect of
alpha-benzopyrones highlighting the marked increase in
the frequency and contractile intensity of the thoracic
duct following administration of a synthetic coumarin
derivative.
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Figure 2 - Foldi's Textbook of Lymphol ogy.

Michael Foldi produced a long series of scientific
papers, covering a wide range of topics related
to Lymphology. His very rich scientific production
culminated in the 2007 edition of the Foldi's Textbook of
Lymphology, areal treatise on lymphology, with particular
attention to al the chapters with the ability to update al
the main topics treated, insomuch as it shortly became the
main reference text (and till is today) for many doctors,
physiotherapists, nurses and experts of the subject.

The book is written in English, with the strong
contribution of Ethel, the woman of his life, and together
they wanted to transmit al their experience to future
generations with a strong scientific imprint message. The
whole world International lymphology Community should
consider their diagnostic and therapeutic indications as a
treasure for the health of patients.

In the text it is contained the essence of the inspiring
principles of the activity of the Foldi Clinic in the Black

_A Vasculab
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Forest, where thousands of patients from all over the world
found a sure point of reference to alleviate their suffering.

| remember him, in particular, in Rome, in the San
Giovanni Battista Hospital where | work, on the podium of
the Great Hall (during the Congress of the European Society
of Lymphology in 2005), in one of the last conferences in
which | had the pleasure to meet him (the last one was
perhaps the following year at his home, in Hinterzarten),
when | had the honor of moderating together with him a
scientific session on the medical therapy of lymphoedema.
He recalled me his first experiences with benzopyrones
and their effect on the contractility of the thoracic duct.
He agreed with the arguments | had just presented on the
combined use of several benzopyrones, which if associated
have a much greater clinical effect than if taken alone. At
the end of the session, giving me some written sheets, he
told me 'keep Sandro, thisis ajob for your Journal!' (the
European Journal of Lymphology).

He was an "essential" man and, at the same time,
highly authoritative.

| do not want to remind you his prestigious positions
in all the main national and international scientific societies
of the discipline, nor the important scientific and didactic
production that he continuously provided for decades. I'd
like instead to remind him to you as one of the Fathers of
world Lymphology, agreat Clinician, agreat Man!

In the last years of his life, Ethel told me what
wonderful life-partner he had been. He no longer had the
strength to participate in the Congresses, dueto the physical
limitations that his old age imposed on him. Nevertheless,
he continued transmitting to those who werecloseto himall
his experience, polished asalways. until theend of hisdays.

Wewill not misshim as asimple colleague, asimple
scholar, aclinician or ateacher. He has|eft us asthe Master
of Lymphology.

Thank you Michael: our knowledge today owes so
much to Y oul!

Sandro Michelini

President of the International Society of Lymphology
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Dr Evi Kalodiki, Venous ThromboEmbolism (VTE), May
2013, Napoli (Italy).
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Evi shared the birthplace of Aphrodite in Larnaca,

Cyprus. However, she differed in that she worked with
foam rather than being born out of the foam. From a
mother and father of eminent personagesin law she studied
medicine in Athens and made a name in venous disease
through her position at St Mary’s Hospital, Paddington,
London. She holds the Fellow of the Roya College of
Surgeons (2009) as well as an MA in English literature
(1984) and a PhD in venous disease (1996) from Imperial
College, London. Her academic achievements are well
known and can be obtained through a simple search
on the Internet. This includes over 100 publications in
Pubmed, membership of 21 societies, co-editor of 5 books,
scientific secretary of 14 consensus statements, reviewer
of 5 academic journals with membership of the editoria
committee in 4 others. She achieved recognition through
her international presentations and gained 12 prizes. The
highlight was the Mauro Bartolo lifetime achievement
award in 2016 in recognition of her outstanding scientific
contribution in vascular disease and her visiting professor
status at Loyola University Chicago.
In research she was the queen of air-plethysmography as
the ultimate investigation of venous disease in quantifying
reflux, obstruction and venous tone. Her legacy will decide
on this simple, non-invasive, practical test for everyone
with a venous disorder in an outpatient setting. In culture
she supported Ghiorgos Sarandaris, an eminent scholar, for
hislife and worksin the field of poetry.

Evi had impact. In her younger years shewas amatch
for the most beautiful people in the world. She shook hands
with the king of Sweden, the Archbishop of Melbourne,
the sultan of Malaysia, Kojak and many others. She gave
generously to charities and was an executive board member
of the Hellenic Society in London for decades. She was
responsible, in part, for Greek culture in the UK. Her only
true mentors in life with directiona influence were Dr
Fareed from Loyola University Chicago and PL Antignani.
Others had fleeting interests, nothing more.

Evi will be remembered from her unique individual
personality, trying on occasions, and her generosity in
time and money for friends and complete strangers. She
awaysvalued people above possessionsand added to lifein
hope and purpose, with her smiles and pedantic dedication
to research. She held an open house in Paddington with
endless parties, meetings, reunionsand celebrations all year
round.

Her body restsin the family tomb (second shelf onthe
right) in the First cemetery of Athens next to her mother.
She leaves behind her husband Christopher Lattimer, sister
Maria Karamanoli, cousin Pavlos, special nephew Phaedon
and her nieces Veroniki and Eva.

Christopher R Lattimer
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MEDITERRANEAM FEDERATION
or ADVANCING
VASCULAR SURGERY

Me. FA.V.S.

MeF.AV.S

Mediterranean Federation for Advancing Vascular
Surgery (Me.F.A.\V.S)) ams to promote the cooperation
between the principle organizations involved in Vascular
Surgery and countries of the Mediterranean basin: in
particular Italy, France, Spain, Greece, Portugal, the Balkan
area, Lebanon, the Middle East, the United Arab Emirates,
Egypt, Morocco, Tunisia and other countries that face the
Mediterranean and that wish to adhere to the Network.

Within these areas, and in coherence with this aim,
Me.F.A.V.S. promotes knowledge regarding epidemiol ogy,
diagnostics, and treatment of vascular diseases in
populations of different ethnicities and lifestyle habits,
based on a multi-disciplinary approach, for greater
scientific and cultural integration between the different
shores of the Mediterranean.

For the attainment of the aims indicated above,
MeF.A.V.S. avails itself of a multicenter organization
to develop didactic and research projects, exchange of
educators and experts on the discipline, multidisciplinary
training and multi-centers of specialists and young medical
residents, exchange of clinical-assistance experience in
open, endovascular and hybrid surgery, and integration of
treatment therapies.
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Fondazione Vasculab

impresa sociale ONLUS. CF 95218510634. The
Vasculab Foundation is a hon-profit organization aimed to
scientific research and to social solidarity.

Donations

Y ou can donate using several methods: cash or bank
check during a Vasculab associated event - by credit card
- by bank transfer See at the page http://www.vasculab.it/
common/donate.htm

Supporting member ship

Even a minimal donation gives you the status of
Supporting membership. Send by email your name and
complete address and additional info about the type of
help offered with your donation. By default, contributes
are given generically to all the institutional activities of the
Foundation.

But if you want, you can choose to give your
contribute to support: - scientific research - a young
researcher - aspecific and already active scientific research
of Vasculab (specify which one by email) - the organization
of aspecific educational/scientific event (specify which one
by email) - aternate methods to animal experiments in
scientific research - solidarity and health missions in low
income countries

Ask for areceipt
Add other datain order to emit a correct receipt:

name of donating people or company, address, VAT
number or any other info, according to your country fiscal
laws.

VASCULAB, TheVascular List

Vasculab is afree-access non-profit vascular mailing
list on Internet

VASCULAB was born in 1990.

Since August 2015 VASCULAB is the officia
mailing list of the "Fondazione Vasculab impresa sociale
ONLUS".

TOPICS

Vascular Diseases Discussion List, Vascular
Ultrasound Diagnosis, Vascular Biomechanics, Chiva
Discussion List (Chirurgie Hemodynamique de
I'Insuffisance Veineuse en Ambulatoire), Haemodynamic
Venous Map (MEV), Minimal MEV, V N et, the Model
of the Venous Circulation, Micro-Circulatory Disorders,

///\‘\ Vasculab

Lymphatic Diseases, Lasers in Vascular Diseases, Foam
and Sclerotherapy, Vascular Malformations.

VASCULAB RULES

1) VASCULAB isarestricted Yahoo! Message List,
open only to members

2) Active participation to this List is subjected to
approvation of the Moderator.

3) Accepted members, mainly people of several
professions involved in the management of vascular
diseases, must respect generic "Netiquette" rules (Net
Etiquette), as also the specific rules and the discussion
topicslisted in the first message they receive from the List.

4) Topics are many, but they all are scientific ones.
5) Direct consultation with patientsis not allowed.

6) Drugs or medical devices promotion is forbidden
inside the messages (as also hidden in messages, e.g. mail
address of companies and their web sites).

7) Outside of the messages and clearly separated
from them, commercia information can be given, though
generally subjected to afee.

If these rules do not comply with you, it's better
to unsubscribe. Participating actively to the discussions
automatically implies the VVasculab Policy agreement.

The Vasculab Foundation

Fondazione Vasculah e si=ois

The Vasculab Foundation
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