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Welcome address

Dear Colleagues and Friends,
It is a pleasure to welcome you to the 21st EuroChap 2013 Meeting of IUA which is to be held in
one of the world’s most beautiful cities - Rome. This venue has been previously selected several
times as a meeting place for vascular specialists from all around the world. With regard to the International Union of Angiology, it is even possible to say that Rome, and Italy in general, has become
the most frequent destination of scientific gatherings of this society organized to date. And this is
not only by chance. Italian vascular specialists belong among the most active members of the IUA.
The Italian contribution to research, knowledge and clinical practice of vascular diseases cannot be
in any case overlooked.
The EuroChap is organized in conjunction with the national congress of Italian Society for Vascular
Investigation and prof. Antignani, prof. Allegra and their team have been working for many months
to organize this congress and I am glad to have the opportunity to congratulate them for preparing
such a wonderful and outstanding program. Allow me to express my gratitude and conviction that
we will spend together a pleasant and fruitful time in this exciting city. I am sure we’ll return enriched not only by scientific news but also with a feeling of mutual friendship.
Welcome again and may we have a nice meeting in Rome!
Prof. KAREL ROZTOCIL
President of International Union of Angiology

Presidents’ Congress welcome address

We would like to welcome you all to Rome which, despite its familiarly hospitable side, encloses the
past greatness not only of ancient Rome but also of all the cultural and architectural movements
that it has hosted over the ages.
It is often said that this great city is humble and unassuming in appearance, but this is only true
because it is the one city in the world that encompasses 4,000 years of history scattered freely in
every corner. Walking around Rome is like buying a ticket to an enormous museum that one may
observe and admire at a stroll.
All of this is in addition to the world’s largest place of worship, St. Peter’s, beacon of greatness and
caritas, a hand stretched out to lighten the world’s suffering and steer science and technology
between good and evil.
With a bit of care, each of you attendees will be able to find a piece of his or her history in this
venue for the Congress, which looks out on Michelangelo’s great dome.
This European chapter of the IUA will focus on the problems currently faced by Angiology, with
the aid of those best versed in the subjects concerned and with the goal of harmonising language,
rules and international regulations: not a banal globalisation of the problems, but a shared language
rationally accepted by all, within the due limits imposed by sustainability.
Welcome and please accept our apologies in advance if everything is not perfect, but perfection is
not of this world.
1SPG$-"6%*0 "--&(3"
1SPG1*&3-6*(* "/5*(/"/*
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The power and limitations of guidelines
P. Poredoš, M.K. Ježovnik
Department of Vascular Disease, University Medical Centre Ljubljana, Ljubljana, Slovenia

Introduction
Recently numerous clinical guidelines appeared.
Nevertheless, there is considerable uncertainly
whether this will improve clinical practice.1 However,
it is easier writing guidelines than introduce them in
everyday clinical practice. If guidelines are to achieve
the health gain some criteria have to be fulfilled. Firstly, purchasers and providers should identify scientifically valid guidelines in the sense that when followed, they lead to the health gain projected for
them.2 Further, validity of guidelines is more likely if
they are based on systemic literature review and are
written by independent groups including representatives of all key disciplines and of explicit link between
recommendation and scientific evidence.2 Secondly,
providers should ensure that scientifically valid guidelines are successfully introduced in medical practice,
thus leading to health gain. Therefore, clinical guidelines should produce explicit recommendations that
are both scientifically valid and helpful in clinical
practice.

Who should do it and how guidelines should
be developed?
Guidelines can be developed by internal groups composed entirely of the clinicians who will use them,
intermediate groups or external groups. In last case,
none of them will use proven guidelines. Most of studies evaluating the clinical applicability of guidelines
in dependency on authors concluded that there is a
greater compliance if they were developed by users of
proven guidelines and not by others.3 For local guidelines also fewer resources are needed to disseminate
and implement them than for intermediate or external guidelines.
For clinical applicability it is also important how they
are presented. There is considerable diversity in their
presentation. The Harvard Community Health Plan
has established quality assurance program based
exclusively upon algorithms.4 However, doctors are
often reluctant to use algorithms in every day clinical
practice because of their apparent complexity and the
lack of flexibility. In contrast, other groups like guidelines which are concrete (making specific recommendations), offering practical advice to the clinicians,
and dividing patients into specific subclasses. To meet
these different demands, many groups now produce
guidelines containing a short summary of principle

recommendations in combination with the detailed
presentation of proven topic.
Also the dissemination strategy is important to influence target physicians, awareness attitudes and knowledge. Implementation strategies are intended to encourage clinicians to change their own clinical practice in
line with guidelines. The simple strategy of distribution
is to provide clinicians with easily accessible copies of
the guidelines: tables or guidelines packed in a format
that can be easily carried.5 There are different implementation strategies of guidelines and the studies confirmed that implementation strategies operating within
the consultation that focus on the management of individual patients are more likely to lead to changes in
medical practice. There is little evidence about relative
effectiveness of strategies operating outside the consultation, but it seems that they contributed substantially
to the success of guidelines when they were used.

The role of clinical guidelines
Clinical guidelines represent very important and useful
tool for providing efficient, rational, and safe medical
care. They represent general opinions and suggestions
which don’t completely cover the needs of each individual patient. However, to fulfil expectations and mission, guidelines should fulfil some basic criteria: they
cannot achieve health gain unless they are scientifically
valid and consistent with the available scientific evidence for best clinical judgment. Clinical guidelines can
achieve health gains if appropriate development, dissemination, and implementation strategies are adopted
during their introduction. However, guidelines cannot
achieve health gains and influence every day clinical
practice unless they are not introduced and implemented. Research is needed to determine the barriers to
implementing the recommended guidelines and perhaps more practical details for a simpler approach for
development of guidelines may be required.6

Conclusion
In spite of considerable uncertainty whether clinical
guidelines will improve clinical practice they represent very important role in management of patients
with different diseases and provide safely and scientifically proven international health care. Clinical guidelines cannot achieve health gain unless they are
scientifically valid and implemented. Successful introduction needs leadership, good communication and
above all, time.7
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The role of associations of vascular patients
M. Catalano
Research Center on Vascular Diseases and Angiology Unit, University of Milan. L. Sacco Hospital, Milan, Italy

Aim
Prevention, patients’ centrality and compliance 1, 2 are
three different tools based on awareness and active
participation of patients that interact and contribute as
individuals as well as members of the society, to develop effective health prospects and necessary measures.
The process to obtain this active participation requires clear and shared aims related to the different steps
and methods with interactive procedures to keep a
check on the process.
Up to few years ago (still existing in most of our
health realities) the relationship doctor/sanitary personnel-patients, hospital-patient, NHS-citizen were
completely asymmetrical,3 not only caused by psychological factors but also by traditional education and
training of the sanitary staff, by the organization of
the health institutions and by the strategies of the
NHS.
The following facts in particular have contributed to
modify realty: world development of the consciousness of rights, the Web 2.0 revolution which spreads
out information and shares experiences, the employment of a new generation of health personnel brought
up with a democratic view of knowledge, the improvement of research on the effectiveness of compliance
as well as of prevention, the economic crisis itself with
the need of reducing costs.
This process has both driven to well codify and rigid
expressions (e.g. information for patients, informed
consent and the respect of privacy etc.) as well as
innovative experimental formulas to concretely revise
the role of the patient in the treatment process and
his role as a citizen on the pathway to good health.
Focusing on vascular patients, one of the most consistent elements to be added to these general considerations is that they are affected by chronic disease and
that a weighty familiarity exists making their active
involvement even more relevant.

Material and methods
There is a lack of accepted efficacy indicators to evaluate results in this area. Health outcomes and patient
satisfaction have been proposed, 4 but they don’t
cover the whole experience.
The first method we used was focused on the patients’
education centering on the disease and on the personal clinical condition. As described in literature the
results were positive if compared to the most traditio-

nal approach, using compliance as the main indicator.
However, the self-identification as a “patient” remained the prevalent attitude.
The second approach was opposite to the first.
Patients were requested to take part in social activities
related to the disease. In the first phase, that seemed
to be a superb approach, patients were asked to concentrate on the social side of their experience. After a
short period we found a reduction in the number of
patients involved and some of them left our Unit as
they felt a contrast between their own needs and the
activities proposed.
Following the previous results a 7 step protocol was
defined, leaving the interaction and agreement with
the patients as how to put it into practice:
• Step 1. Conventional clinical visit with invitation to
educational meetings.
• Step 2. Conventional clinical visit + individual educational meetings.
• Step 3. Educational group meetings with exchange
of experience.
• Step 4. Educational group meetings with exchanges of experience and evaluation of the assistance
offered by the Unit- Patients requested to help.
• Step 5. Meetings with both education and exchange of experience as well as the organization of
patients support to the Units activity. Patients
requested to help in citizen awareness projects.
• Step 6. Vascular Patient Groups founded as part of
AmaVas National Association.
• Step 7. Continuous collaborative activities, mixing
personal needs of knowledge, rehabilitative activity
as a group, to support the Unit if necessary (including student training), national activities. Hence,
natural links to the European projects.
Personal clinical follow-up visits remain in the usual
clinical protocols.

Results
This multistep approach respects the needs and the
patients’ rights ensuring safe and quality care, improving their knowledge, their responsibility, and their
ability to self-evaluation and at the same time improve
quality of life, well-being, satisfaction and self-confidence. The approach to their disease seems to change
from a self-related responsibility to a more social
responsibility based both on examples in life style and
in active commitments at different levels.
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Asymmetry has been deeply reduced, notwithstanding the different competences and roles carried out,
due to the common aims. The most demanding and
relevant social experiences are those in AmaVas (Italian no-profit Association linking doctors, researchers, patients and the general population) and the
commitment to the international awareness projects
of VAS-Vascular-Independent Research and Education-European Organisation (http://www.vas-int.net)
and the “PAD&Vascular European Days” (every 3rd
Wednesday and Thursday of March from 2014)
where, along with training, palpation of arteries is
taught (FooTest). For the first time learning “self-examination” of the arteries of the feet, will be introduced (in analogy to breast tumor prevention etc.) to
contribute to discover a suspected PAD.

Discussion
The basic element is the changing central figure, from
the position of a patient to an informed man and citizen, with the right and the social duty to cooperate on
the prevention and/or improvement of his own health
and hopefully contribute to the development of a
healthier society, offering quality and equity-friendly
services.
Quality is not only guaranteed and measured by professional figures and structures and the NHS, but is
evaluated and improved by those using the Services.

Patients organizations make these changes permanent.

Conclusion
The social dimension and active participation is
strongly enhanced by the involvement of the patient
flanked by other figures.
A multi-step process is required to create such involvement without creating conflict with the need to
focus on their lives and the definitions through which
the illness is expressed.
Skills in individual roles are respected, but do not
create asymmetry. Scientific and clinical knowledge,
sanitary aspects and direct experience become different sides of a common task.
Collaboration among Patients’ Organisations increases confidence and leads to relevant results both in
personal terms and that of awareness.
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Point on: metabolic syndrome
and asymptomatic carotid lesions predict
future cerebro and cardiovascular events
beyond the cards of risk
S. Novo, A. Peritore, R.L. Trovato, L. Arvigo, V. Evola, M.C. Sinacori, G. Novo
Cardiovascular Disease and Centre for the Early Diagnosis of Preclinical and Multifocal Atherosclerosis and for
Secondary Prevention - Department of Internal Medicine and Specialities, University of Palermo and Division of Cardiology, Department of Internal Medicine and Cardiovascular Disease, Palermo, University Hospital “P. Giaccone” of
Palermo, Italy

Introduction
Atherosclerosis is a significant cause of death in the
developed world and quite frequently it presents as a
fatal event, hence the interest in detecting it in its subclinical stages. The atherosclerotic process starts in
childhood and proceeds silently over a long period of
time before clinical manifestations.
Subclinical disease can be measured using non-invasive B-mode ultrasound in order to assess common
carotid artery intima-media thickness (IMT) that
reflects the structural deterioration of the arterial
wall, and it is considered a significant predictive
marker of generalized atherosclerosis and future cardiovascular events in adults.1
Several studies have shown that a thicker IMT predicts coronary heart disease,2 stroke,3 and myocardial
infarction. 3, 4 In particular, a 5.5 years-follow-up
showed that the risk of myocardial necrosis increases
for about 10-15% just if IMT increases for 0,1 mm
while the risk of stroke increases for about 13-18%.5
The metabolic syndrome (MetS) represents a clustering of several cardiovascular (CV) risk factors including abdominal obesity, impaired glucose intolerance,
dyslipidemia, and hypertension, with insulin resistance as a major characteristic.6-8 Several clinical studies
recognized MetS as responsible for the endothelial
dysfunction, which is the first "step" in atherothrombotic disease and, in addition, it has been observed
the association between an increased carotid IMT (CIMT) and MetS.9-12
Personal experience
We assessed the influence of carotid atherosclerosis
on prediction of cardiovascular events during a 20years follow-up in a population of 529 asymptomatic,
middle-aged subjects, and we also evaluated the role
of the metabolic syndrome on the risk of cardiovascular events comparing groups with equal atherosclerotic lesions. Differences between groups were compared by the Chi-square test for categorical variables.

During the follow-up there were 242 cardiovascular
events: 144 in patients with MetS (251 patients) and
98 in healthy controls (278 patients); (57.4% vs.
35.2%; P<0.0001).
As to the presence or absence of carotid atherosclerosis, 63 events occurred in patients with normal carotid arteries (198 patients), while 179 events occurred
in patients with subclinical atherosclerosis (increased
IMT/asymptomatic plaque; 331 patients); (31.8% vs
54.1%; P<0.0001). In the 144 total events occurred in
patients with MetS, 36 happened in the subgroup of
patients with normal carotid arteries and 108 happened in the subgroup of patients with subclinical atherosclerosis (45% vs 63.15%; P=0.0099). Similarly, in
the 98 total events occurred in patients without MetS,
27 developed in the subgroup with normal carotid
arteries and 71 in the subgroup with subclinical atherosclerosis (22.88% vs. 44.37%; P=0.0003). So, atherosclerosis produced a significant increase of the risk
of events, especially in presence of MetS (Table I).
Furthermore, in the 63 total events occurred in patients
without atherosclerotic lesions, 36 events were recorded
in the subgroup with MetS and 27 events in the subgroup without MetS (45% vs. 22.88%; P=0.0018).
Among 179 total events recorded in patients with atherosclerotic lesions, 108 events happened in the subgroup with MetS and 71 events in the subgroup
without MetS (63.15% vs. 44.37%; P=0.0009). So,
both in patients with atherosclerosis and in patients
without atherosclerotic lesions the presence of MetS
increased the risk of CV events (Table I).
Finally, comparing the subgroup without MetS and
without atherosclerotic lesions to the subgroup affected by MetS and subclinical atherosclerosis, the second
group showed a higher incidence of cardiovascular
events (22.88% vs. 63.15%; P <0.0001); (Table I).
Our data confirm the results of other clinical studies
(nationals and internationals) that have examined the
relationship between atherosclerosis, MetS and CV
risk.13-16
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Table I. – Distribution of CV events in each subgroup of population.

Normal vessels
(198 patients)

MetS
(251 patients)

No MetS
(278 patients)

P

Subclinical
Atherosclerosis
(331 patients)

108 events /
171 patients
(63.15%)

71 events /
160 patients
(44.37%)

36 events /
80 patients
(45%)

27 events / \
118 patients
(22.88%)

P=0.0018

P=0.0009

P=0.0099

P=0.0003

We demonstrated that the presence of subclinical
atherosclerosis lead to an increased incidence of cardiovascular events, especially if it is associated with
MetS. In fact, total cardiovascular events were more
frequent in the group of patients with carotid atherosclerosis compared to patients with normal carotid
arteries (P<0.0001). Similarly, both in patients with
MetS and in patients without MetS, cardiovascular
events were more frequent in presence of carotid
atherosclerosis than without these lesions. Moreover,
also the importance of MetS resulted significant, in
fact, both in patients with atherosclerosis and in
patients without atherosclerotic lesions the presence
of MetS increased the risk of CV events. In addition,
according to the recent ESC 2012 guidelines on cardiovascular prevention, the detection of an asymptomatic carotid plaque put subjects in the very high risk
category.16

5.
6.

7.
8.
9.

10,
11.

Conclusion
In conclusion we suggest to investigate the presence
of subclinical atherosclerosis in all patients >45 years
old, by a carotid echo-color-Doppler test, because the
assessment of Subclinical atherosclerosis can improve
the cardiovascular risk definition,5, 17 especially in
presence of metabolic anomalies.
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News in diagnostic evaluation
of Horton disease
M. Amitrano ¹, F. Cannavacciuolo 2, S. Mangiacapra 2
¹UOS

Angiologia, Dipartimento Medicina Interna e Specialistica, AORN Moscati, Avellino, Italy
di Medicina Interna, Seconda Università degli Studi di Napoli (SUN), Italy

²Dipartimento

Aim
Giant cell arteritis (GCA) is a chronic systemic vasculitis affecting large and medium-sized arteries with an
elastic lamina. It was first described by Horton, in
1932, and so it is even called “Horton disease”. It
usually involves cranial vessels, in particular the branches of the external carotid artery, including the
posterior ciliary arteries that supply the optic nerve.
In these vessels, inflammation can cause intimal
hyperplasia, thus giving the most dreaded complication, i.e. visual loss, occurring in almost 15% of
patients. That’s why early diagnosis and prompt initiation of steroid treatment is mandatory. GCA can
also affect large vessels outside the cranium, particularly the aorta and its proximal branches. Involvement of extra-aortic large vessels most often affects
the upper extremities, in particular the subclavian,
axillary, and proximal brachial arteries. Otherwise,
inflammation of lower extremities vessels and mesenteric arteries is less common. These extracranic forms
are defined as “Large Vessel GCA” (LV-GCA), and
clinically differ from classic GCA, since they are often
lacking of signs and symptoms of cranial arteries
involvement (i.e. headache, visual impairment, jaw
claudication), while arm claudication (due to upper
extremity vascular insufficiency) or constitutional
symptoms (fever of unknown origin, systemic inflammatory syndrome) are frequently observed. The aorta
and its branches can be involved, but aortic inflammation often goes undetected, since there are no
symptoms until complications arise. While in the
other vessels GCA causes stenosis and occlusion, thus
resulting in ischemic manifestations, when Horton
disease affects the aorta it can cause aortic dilatation
and aneurysm formation, which may lead to aortic
dissection or rupture. In particular, aortitis is associated with an increased risk of aneurysms of the thoracic aorta, therefore routine screening for aortic involvement is necessary, as well as a monitoring of aneurysms at regular intervals, even after steroid treatment
discontinuation. There is considerable overlap
between GCA and polymialgia rheumatica (PMR).
This one is characterized by aching and morning stiffness in the neck, shoulder and pelvic girdle, accompanied by a systemic inflammatory response. About
pathogenesis, some factors (geographical variation,
seasonal fluctuations) suggest an environmental, pos-

sibly infectious, etiology of the disease, but no clear
association with a particular infectious organism has
been found. Moreover, there is probably a genetic
component too, probably some particular HLA
genotype. Effectively, HLA-DRB1*0404 and HLADRB1*0401 are associated to GCA in some populations.1 Histopathology typically shows an inflammatory infiltrate in all three tunics of the arterial wall,
with giant cells in the media, with intimal hyperplasia
and partial or complete occlusion of arterial lumen
with consequent ischemia. The infiltrate in the arterial wall is composed primarily by T-cells and
macrophages. T-cells are predominantly CD4+. These
two kind of cells play a central role in the inflammatory damage in GCA.
As regards clinical presentation, temporal arteritis is
the most typical one, with the onset of headache,
scalp tenderness and jaw caludication. Signs of systemic inflammation are often observed, such as general
malaise, fever, anorexia, weight loss and elevated
acute phase reactants. Visual manifestations are also
frequent and range from transient diplopia and amaurosis fugax to sudden unilateral or bilateral visual
loss, with permanently visual loss affecting approximately 15% of patients. In LV-GCA the most common manifestation of upper extremities vasculitis is
arm claudication; Raynaud’s phenomenon and digital
ischemia can also occur. Aortic involvement, on the
other hand, is often clinically silent or may manifest
with systemic signs such as fever of unknown origin.
As for diagnosis, there are no official diagnostic criteria. American College of Rheumatology’s (ACR) 1990
criteria for GCA are: 1) age >50 years; 2) new onset
of localized headache; 3) temporal artery tenderness
on palpation or decreased pulsation; 4) ESR >50
mm/h; 5) abnormal temporal artery biopsy.2 The presence of three of these criteria is necessary for diagnosis of GCA. Nevertheless, the diagnostic accuracy of
these criteria is uncertain, since they were established
as classificative (not diagnostic) criteria, in order to
distinguish a specific type of vasculitis among patients
with various vasculitides, not to differentiate patients
who have vasculitis from those who don’t have vasculitis.3 Temporal artery biopsy is still considered as the
“gold standard” for the diagnosis of GCA, of which
the typical histopatology consists of an inflammatory
infiltrate in all three tunics of the arterial wall, with
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Figure 1. – Halo.

Figure 2. – Stenosis and occlusion.

giant cells granulomas in the media (especially at the
intima-media border). The recommended length of
the biopsy sample is between 1 cm and 2 cm.
Anyways, biopsy has a lot of limitations. First of all,
even if it is safe enough, there are some complications
such as skin necrosis, damage of facial nerve, drooping of the eyebrow and stroke due to the interruption of collateral circulation.4-9 Moreover, biopsy has
low sensitivity with a percentage of false negatives
between 9% and 44%,10 probably due to the segmental inflammation of the artery, that could be not involved in the sampled segment. Furthermore, in the socalled Large Vessel GCA (LV GCA), temporal arteries are often spared, and this can result in a false
negative biopsy. So, it is necessary to have new diagnostic tools in order to make an earlier diagnosis of
this vasculitis, thus preventing its severe complications (blindness, stroke, aortic aneurisms rupture).

sonography is well tolerated, more accessible, less
expensive, more rapid and easier to perform.12

Materials and methods
Schmidt et al., in 1997, were the first to study the use
of ultrasonography in the diagnosis of GCA. In particular, they found that in inflamed temporal artery,
ultrasonography may show: 1) halo sign, that is a dark
hypoechoic circumferential wall thickening around
the artery lumen (Figure 1); 2) stenosis (segmental
increase of blood flow velocity); (Figure 2) 3) occlusions (absence of flow in the temporal artery). In this
study halo sign was the one that showed specificity
for GCA.11 Many other studies have been published
about this item, including a metanalysis that showed
that halo sign is useful for diagnosis of GCA with a
sensitivity of 68% and a specificity of 100%, if bilateral.12 In other studies, ultrasonography was compared
with biopsy in clinical practice. In particular, in one
of these studies they compared clinical decision made
after temporal artery biopsy versus negative temporal
artery duplex, and also the effects on patients’ outcome. Therefore, there were no differences between the
two groups in terms of clinical decision and final outcome, but we must remember that biopsy exposes
patients to additional potential morbidity, while ultra-

Results
These data suggest that US can play a central role in
diagnosis and treatment of GCA. Moreover, it can
be useful for follow up of patients in steroid therapy, since it has been shown that the “halo” disappears 14-16 days after the beginning of treatment.
So, biopsy should be used in limited circumstances,
that is when clinical picture is not consistent with
US findings. In particular, some suggest that in
patients with high clinical probability we can start
treatment and no more test is required. Patients
with low and intermediate clinical probability,
instead, should undergo a bilateral temporal artery
duplex followed by biopsy only when a positive
duplex result is not consistent with the clinical picture. In this case, the area of abnormality at the
duplex can be sampled with biopsy.12 But temporal
arteries are not the only ones that can be studied
with US for suspected GCA. Ultrasound, indeed,
can show characteristic abnormalities (i.e. stenosis,
occlusions and halo sign) even in the upper extremity arteries, especially in LV-GCA, where the axillary artery involvement is more frequent. 14 So,
extending the US examination to these districts in
patients with PMR, temporal arteritis, arm claudication, unclear inflammation or fever of unknown origin (FUO), can bring to a greater number of diagnosed cases with LV-GCA.
In our experience, moreover, we found halo sign and
the other less specific US findings in some cranial
arteries other than the temporal one such as facial
artery, thus suggesting that a systematic study of other
cranial and extracranial districts could increase sensistivity of US for Horton disease’s diagnosis and allow
an early treatment of these patients. Nevertheless,
more studies are required to better analyze this
aspect. In this context, however, there are some criticalities. First of all, ultrasonography is still strictly
dependent on the performer.
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Discussion and conclusion
Furthermore, we lack of a truly standardized method
of examination, since, except for temporal and axillary arteries, all other districts (cranial and extracranial), that anyway could show the typical alterations,
are not systematically analyzed at duplex. So there is a
great necessity of ultrasonographic guidelines for the
detection and evaluation of this disease, that could
increase diagnostic accuracy of this procedure, thus
leading to a validation of a revised set of diagnostic
criteria for GCA that could include the halo sign or
other US finding.

4.
5.
6.
7.
8.
9.
10.
11.
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Contrast carotid ultrasound for the detection
of plaque at higher risk of embolism
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Aim
The traditional morphological parameters for the
description of a carotid atherosclerotic plaque
(degree of stenosis and systolic peak velocity) are
insufficient for the prediction of the risk of embolization. An important study published in 2001 concluded that subjects with echolucent atherosclerotic plaques have increased risk of ischemic cerebrovascular
events independent of the degree of stenosis and cardiovascular risk factors.1 Another method of morphological evaluation of the plaque has been historically
represented by Gray Scale Median. Many authors
found a significant correlation between GSM values
<25, corresponding to an echolucent plaque, and an
increased risk of cerebral infarction and symptoms of
cerebrovascular disease.2 There is growing evidence
for a strong connection between neovascularization,
plaque vulnerability and cardiovascular events and
contrast enhanced ultrasound (CEUS) seems to have
a great potential in the quantification of these characteristics. According to the current status of literature
CEUS appears to be a powerful, not expensive and
easy to perform procedure for the discrimination of
“unstable” carotid atherosclerotic lesions.
Materials and methods
Contrast enhanced ultrasound (CEUS), based on the
theory of inflammation and neoangiogenesis, consists
of the evaluation of the enhancement of the carotid
plaque after venous injection of a not-iodinate mean
of contrast. Patients with carotid stenosis ≥70% with
indication for surgical/endovascular treatment were
enrolled in the study. The study protocol consisted of
a pre-operative imaging study with B-mode echoDoppler ultrasound and with CEUS. For each patient
we calculated the echogenicity of the plaque at baseline (Grey Scale Median; GSM), and the plaque enhancement after injection of a bolus of mean of contrast
(SonoVue, Bracco®, Milan, Italy) through a peripheral venous access. The images of CEUS were acquired
during the arterial phase and saved on the hard disk
of a portable computer and processed using Quontrast4.0 (Bracco®) software specifically designed to study
contrast enhancement of the plaque. Afterwards
patients underwent carotid endoarterectomy (CE) or
carotid artery stenting (CAS) procedure according to
the national and international guidelines. All the athe-

rosclerotic plaques removed from CE were sent to the
pathology laboratory for the measurement of the
neoangiogenesis (Vessel Density; VD). The CAS
group was additionally studied with diffusion-weighted MR (DW-MR) before and after the procedure for
the evaluation of microembolization after CAS procedure.

Results
This work is the continuation of our study published
in 2012 in which we analyzed 51 patients (all of them
with indication for CE) with the protocol of study
previously mentioned.3 This study showed that there
was a difference statistically significative between
symptomatic and asymptomatic patients for GSM,
contrast enhancement of the plaque (evaluated with
two parameters of signal intensity; SI max and SI
mean), and neovascularization of the atheroscelrotic
plaque. Moreover a cut-off value was determined
between the two groups for each parameter: GSM:25,
SImax: 28%, SImean: 20%, and VD:25/mm2. Combined analysis showed that plaques with greater contrast enhancement had more newly formed capillaries
and that plaques with lower GSM values correlated
with greater vascularization. The extended case study,
with 29 new patients (total 80 patients) undergoing
CE confirmed the trend seen so far and data are in
process of validation for scientific publication.
Twenty two patients underwent CAS, 12/22 (54%)
presented a post-procedural microembolization
detected with DW-MR. One patient presented a controlateral microembolization (right carotid plaque,
left microembolization) probably due to periprocedural arch embolization. 1/11 patient with omolateral
embolization (9%) presented a post-procedural neurological symptom with hypoesthesia and weakness of
the right upper extremity. 6/11 presented three or
more distinct microembolization regions at DW-MR.
We found a difference of GSM (P<0.05), SI max
(P<0.01) and SI mean (P<0.01) between patients with
post-procedural microembolization compared to the
ones without microembolizations. Afterwards we
analyzed the group of patients with microembolization but we did not found a statistically significant
difference between patients with 3 or more lesion
compared with patients with less than 3 cerebral
lesions.
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Discussion
The degree of stenosis and the peak of systolic velocity
(PSV) are insufficient predictors of stroke risk. For
this reason it becomes mandatory to find a reliable
method that could disclose asymptomatic atherosclerotic plaques with high emboligenic risk before that a
cerebral event occurs. CEUS is a relatively new
method to evaluate carotid plaque morphology, identify intraplaque microvessels and surface ulcerations,
and define plaque vulnerability with greater emboligenic potential.4, 5 The purpose of our study is to emphasize the potentiality of CEUS for the discrimination of
“at risk” carotid plaques for patients undergoing CE
and for the risk of microembolization in patients
undergoing CAS, correlating the results of this second
technique with the findings of the DW-RM. For the
patients undergoing CE (80 patients), our results are
in line with data from previous similar studies and corroborate those from an earlier study by Giannoni et
al.6 who showed that atherosclerotic lesions in symptomatic patients are more vascularized than those in
asymptomatic patients. GSM values ≤25 were significantly correlated with high VD, SImax and SImean
(P<0.01). Our data suggest that a threshold GSM of
25 could be used to discriminate an instable plaque
irrespective to symptoms in patient’s history as proposed by Biasi et al.7 The difference in the mean of contrast uptake (SImax and SImean) and VD between the
two groups was also statistically significant (P<0.01).
Combined analysis of data on contrast enhancement
(SI) and neoangiogenesis (VD) showed a close correlation between the two: lesions with greater contrast
uptake have more newly formed capillaries, as demonstrated in previous studies.8 In addition, analysis of
GSM in relation to neoangiogenesis showed that plaques with a lower GSM value were generally more
vascularized. Data of patients undergoing CAS revealed that plaques with high contrast enhancement
detected with CEUS have greater risk of peri-postprocedural microembolization (P<0.01). The results
are in line with the ones expressed in literature.9 We
did not found a correlation between CEUS and the
number of the cerebral lesions nor between the CEUS
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and the symptomatic patient respect to the asymptomatic ones with microembolization. Despite the promising results of CEUS for the prediction of microembolization, it is necessary to collect more data to confirm the results obtained.

Conclusion
CEUS is a powerful tool for the evaluation of the stability of the plaque. Our study revealed a great potential of this technique for the definition of “ at risk”
atherosclerotic plaques not only for patient undergoing CE but also for the detection of atherosclerotic
lesion with high risk of embolization in patients with
indication of CAS.
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Aim
Multiple sclerosis (MS), the most common neurological disorder in young adults, is traditionally considered to have autoimmune determinants.1 The multistep mechanism of the disease involves inflammation,
demyelination, and neuro-degeneration of the central
nervous system.1-3 Interestingly, from the time of the
first histological description by Charcot, MS plaques
are known to be venocentric.2, 4 Both magnetic resonance imaging (MRI) venography 5-9 and post-mortem studies show a central vein oriented on the long
axis of the inflammatory lesion.
In addition, as in several neurodegenerative disorders,
the brain and spinal cord of MS patients contain
abnormally high levels of redox-active metals, particularly iron,10 documented by advanced MRI 1, 12 and
enhanced histo-chemical methods.13, 14
There are several diagnostic tools to identify the different MS types.1, 2, 18-20 Magnetic resonance imaging
(MRI) of the brain and spine shows areas of demyelination (lesions or plaques) in the absence or in the
presence of gadolinium.21, 22 Analysis of cerebrospinal
fluid may provide evidence of chronic inflammation
of the central nervous system by showing oligo-clonal
bands of IgG,23 while evoked potentials study putative demyelination of the optic and sensory nerves.24 A
clear demonstration of a topographic correspondence
between Multiple Sclerosis plaques and the cerebral
venous system has been shown by magnetic resonance
venography (MRV) 7, 25 and post-mortem studies.26
Such new nosological vascular pattern, defined as
chronic cerebrospinal venous insufficiency (CCSVI),
is strongly associated with MS.27 CCSVI is characterized by multiple stenosis/obstructions affecting the
principal extra-cranial outflow pathways of the cere-

brospinal venous system, the internal jugular veins
(IJVs) and the azygos vein (AZY), distributed in four
main hemodynamic patterns.29 Furthermore, CCSVI
determines significant changes in cerebral venous
hemodynamic, with a very high incidence of reflux in
both intra- and extra-cranial venous segments as well
as loss of the postural regulation of cerebral venous
outflow.29-32 Recently, Zamboni suggested five echocolor-Doppler (ECD) venous criteria that characterize this syndrome.35 The presence of two of them is
enough to diagnose CCSVI.
We created a software to collect morphological
venous anomalies and hemodynamic ECD data
named Morphological Hemodynamic Map (www.
mem-net.it, Figure 1). WE designed an algorithm for
data analysis of patients with CCSVI, following Zamboni's ultrasound criteria.27-31-35 First we identified in
CCSVI patients , by using such hemodynamic
morphological map (MEM-net), the compression syndrome of IJVs (Mandolesi et al. 2011). This study
provides the hemodynamic basis for an more appropriate assessment of our new CCSVI classification.

Methods
We investigated from 2010 by echo-color-Doppler
(ECD) 789 patients with CCSVI and MS (490 females, 299 males), mean age 45.4. We found 728 positive
and 61 negative for CCSVI. Morphological and
hemodynamic ECD data were recorded by a computerized MEM-net maps , and they were analyzed by
MEM-net Clinical Analysis programs (Table I).
Furthermore, the patients were divided into two
groups, the first one with intravenous anomalies and
the second one with extrinsic vein compression according to our classification of IJVs Compression Classification shown below.
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Figure 1. – Morphological Hemodynamic Map (MEM) scheme representing pattern of ECD venous cerebrospinal drainage, CCSVI types,
hemodynamic severity score and patient data.

Echo-color Doppler (ECD) assessment of cerebral
venous hemodynamics
The patients underwent a non-invasive study of cerebral venous return. A combined trans-cranial and
extra-cranial ECD provided valid measures of venous
hemodynamic (VH) parameters enabling an assessment of CCSVI cerebral venous return. The subjects
were investigated in both supine and standing positions (0° and 90°) in consideration of the postural
effect on the main route of cerebral outflow. We focused on the detection of three anomalous VH patterns
affecting cerebral venous return according to the
Zamboni’s criteria and our CCSVI types Classification.27-31
Beside the Zamboni’s criteria our population was studied using new hemodynamic patterns to complete
the evaluation of the cerebro-spinal venous drainage:
the venous compression of the IJVs and/or VVs not
visible in supine and/or standing posture. We define
venous compression as a normal vein not visible with
ultrasound, because collapsed, which may expand
with neck position changes and/or Valsalva maneuver
such a vein presents a block of blood flow. In all our
ECD assessments we performed the following ECD
dynamic tests: neck movements, on right, on left rotation and anterior/ posterior intrusion of the neck;
Valsalva's maneuver, performed by moderately forceful attempted exhalation against a closed airway,
usually done by closing one's mouth and pinching
one's nose shut.

According to these new hemodynamic parameters, we
classified our patient population in three different
CCSVI types. Block and/or stenosis and/or reflux of
the IJVs and DCVs as Type-1; compression of the IJV
and/or VV not visible as Type-2. The mixed form
composed by patients with block and/or stenosis of
IJVs and/or reflux of the IJVs and DCVs and compression of the IJVs and/or VVs not visible as Type-3.
These parameters were used to draw up our algorithm.
Our center designed and developed for the first time
the Morphological Hemodynamic Map (MEM) of the
CCSVI. The MEM is made by a scheme reproducing
the intracranial and extra-cranial venous circulation.
The operator can insert in a few seconds different
symbols to define the aforementioned hemodynamic
conditions and also venous anomalies including hypoplasic veins, veins with stiffness of walls (not compliant), septum, membrane, web, annulus, twist and
valve stiffness. The collected ECD data were analyzed
by MEM-net software (www.mem-net.it), which
includes the data analysis algorithm.
We utilized morphological and hemodynamic symbols of Consensus Conference of National Epidemiological CCSVI Observatory February 2013 (Table I).
According to Consensus Conference we subdivided
the vein compression in two type : white and black
compression. The compression is defined white when
the vein is completely compressed and we can not
detect any flow by ECD. The compression is defined
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Table I. – Symbols and terminology to be used in reporting on map EchoColorDoppler examination of the veins
draining the brain (Consensus Conference of National Epidemiologic CCSVI Observatory -2013).
Symbol

Description

MEM Score

Calcification

Endo or extra vascular

0

Full block

When the block involve one or more segments with caliber
equal or greater than the previous level or the following level

2

Empty block

When the block involve one or more segments with
caliber much lesser than the previous level or the following level

2

Emi Full block

When the time of the drainage flow detected by Pulsed
Doppler is longer than the stop flow on one or more
segments with caliber equal or greater than the previous level
or the following level

1

Emi empty block

When the time of the drainage flow detected by the Pulsed
Doppler is longer than the stop flow on one or more
segments of size much smaller than the previous level
or the following level

1

Morphological stenosis

Organic stenosis <3 mm2

2

Stenosis Hemodynamics

Flow velocity >150 cm/s

2

Membrane

Hyperechoic area endovascular

1

Septum

Abnormal valve leaflet

1

Thickening

Valvular thickening

1

Twist

Twisting of the vessel

1

Vicarious

Flow vicarious >45 cm/s on vertebrals (V2)
in clino and > 60 cm/s in orto - >100 cm/s on the
Internal jugulars (J2) both in clino and ortostatic position

1

Ectasia

Vessel diameter more than 20 mm

1

Confluence

Thickening of the confluence of jugular to subclavian

1

Thickening-dyspasia

Thickening (dysplasia) of the vessel wall

1

Thrombosis

Thrombosed segment

2

Recanalization

Recanalization with parietal residues

1

White compression

The compression is defined white when the vein is
completely compressed and we cannot detect any flow

2 x each
white

The compression is defined black when the caliber
of the vessel is less than 6 mm2 and shows a flow

1 x each
black

Frontal
Right lateral
Left lateral
Back protusion
Black compression
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Frontal
Right lateral
Left lateral
Antero protusion
In the upright position the symbol is green. Compressions can be detected through the head in the front and/or side position
right and / or left lateral position

D

Vase accessory

Collateral vessel visible but with physiological flow

1

Net

reticular image into vessel lumen

0

Reflux

Reverse, retrograde, anti physiological flow > 0.8 s

2

Emi-Reflux

Bidirectional flow

1

Hypoplasia

Vase with diameter of less than 6mm

2

Ipovisibile

EDC hypo- visible flow with PRF 0.7

1

Invisible

ECD not visible flow with PRF 0.7

2

Vessel accessory pathological
supine and Ortho

Collateral vessel with reverse, retrograde, anti physiological flow

2

double channel

EDC anechoic area

2

Presence of morphological abnormalities and reflux or
two-way flow or block on the same vein

2

Functional Equivalent to hemodynamic
stenosis
stenosis

SYMBOLS FOR MEASURES
Caliber

Size in mmq

Pressure

Measurement of pressure in mmHg

Pressure

Measurement of pressure in cmH2O

Velocity

Measurement of velocity in cm / s

Valsalva+

Valsalva Test positive

Valsalva-

Valsalva Test negative

Diameter

Measurement in mm
ADDITIONAL SYMBOLS

Free text
Thyroidectomy
Nodules
RESPIRATORY HAEMODYNAMIC INDEX OF MANCONI
CSA in J2 inspiratory phase
CSA in subclavian inspiratory phase
Speed flow in J2 inspiratory phase
Speed flow in subclavian inspiratory phase

Normally is reduced by at least 30% of expiratory CSA
Normally is reduced by at least 30% of expiratory CSA
At least doubled compared to the previous inspiration speed
At least doubled compared to the previous inspiration

16

21st EUROCHAP - IUA. European Chapter Congress of the International Union of Angiology

black when the caliber of the vessel is less than 6 sq.
mm and shows a flow by ECD examination. Compressions can be detected through the head in the
front and / or right and / or left lateral position.
These types of compression can be find at different
level of IJVs (J1, J2 and J3) or at V2 and V3 level of
VVs were the veins are not visible by ECD.

Table II. – Shows the incidence of Internal Jugular
Veins compressions in supine and orthostatic position
at J1, J2 and J3 level.

Statistical analysis
All data were analyzed by SPSS software with a stratified data description for numeric and non-numeric
variables. Statistical significance “between” and
“within” groups was calculated on continuous variables by the analysis of variance (ANOVA) to test the
equality of means. The Chi-square Yates corrected
test was used for non-continuous variables by Statcalc
and Analysis programs from Epi-Info. A p value
<0.05 was considered significant, and 95% confidence intervals were also calculated.

J3
J2
J1

Results
The analysis of the internal jugular veins showed: the
block of the drainage by endovascular causes in 222
patients supine and in175 in the upright (54% of
total). The block of the drainage by extrinsic compression in 116 patients supine and in 232 in the upright (48% of total). We found a significant increase of
Internal Jugular Veins compressions on changing
position from supine to orthostatic Table II.
When the patient turned the head to the right and left
we found the compression of the IJVs (at J2) as
shown in Table III. The complete compression of the
jugular veins in the front position (48% of the sample) are equally distributed on the various segments
assessed (J1-J2-J3). Bilateral compressions are present
in 7% of sample Table IV. The passage from the supine to upright position shows a double increase of
compressions. The homo-lateral head rotation to the
investigated vessel shows a significant increase of the
extrinsic compressions from 7 to 9 times compared to
contralateral side rotation.
Discussion
Recently some case reports about the resection of the
omohyoid muscle for the treatment of vein compression syndrome of the internal jugular veins have been
published in the literature.37, 38 This muscle crosses
the deep layers on the middle part of the internal
jugular veins. It lowers the hyoid bone. We think that
it is not enough the simple resection of the omohyoid
muscle for a decompression treatment of the internal
jugular veins, but should be regarded as additional
possibilities. The scalene muscle can be the cause for
the compressions mainly the J1 terminal segment of
the internal jugular vein. The sterno-mastoid muscle
mainly interested in compressions at the level J3 of
the internal jugular vein where it overlaps with the
internal carotid artery and it can be pinched. The
altered posture with dislocation of C1-C2 with or

Right
clino

Right
orto

Left
clino

Left
orto

25
42
16

65
92
39

28
50
7

80
105
34

Table III. – Shows the incidences of Internal Jugular
Veins compressions during neck rotations.
Right rotation

Left rotation

211
30

32
286

J2Dx
J2Sn

Table IV. – Shows the incidence of bilateral Internal
Jugular Veins compressions in supine and orthostatic
position.
R+L
clino+orto

J2
J2
J2

R+L
clino

R+L
orto

54
15
33

without associated rotation of the cervical vertebrae
can act more distally:
1. tensing the middle fascia with compression of the
vascular-nervous loggia of the neck;
2. blocking the discharge of the vertebral veins;
3. hindering the discharge of J3 after the jugular
hole.39
To put a surgical indication for decompressive surgery it is necessary to identify which are the tests both
with dynamic postural-ECD and during venography
that allow us to identify, with sufficient certainty,
which of the conditions outlined above is the cause of
the vein compression syndrome.
The compression syndrome of the veins draining the
brain, in our ECD data, can affect only a vessel that
be bilateral. It can affect both the jugular and vertebral veins and be detectable either supine that in the
standing position or in both positions. All of these
variables make rather difficult to assess preoperative
indication to the right decompression treatment.
Our preliminary results by manipulative treatments in
patients with compressive syndromes of the internal
jugular veins and/or vertebral veins associated with C1C2 misalignment has been positive and encourages us
to practice a upright TC scanner assessment of the first
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two cervical vertebrae in these patients with CCSVI.
Our current effort is the identification of specific postural tests that allow us to put an right indications either
physiotherapeutic that surgical in patients with venous
compression syndromes of the veins draining the brain.
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Aim
Axillary artery aneurysm is a rare disorder. Diagnosis
of this type of aneurysm as a result of identification of
peripheral embolism is even rarer.
We report a case of acute ischemia of the hand caused
by embolism from a large, unrecognized axillary
artery aneurysm.

Materials and methods
An 80-year-old man presented to the emergency room
complaining of gradually worsening pain in his right
hand, (sudden onset 3 days prior), associated with
paresthesia and loss of motor function, which he had
initially attributed to osteoarthtritis. He was an exsmoker (30 pack years) with a history of well-controlled hypertension, hepatitis C virus infection, liver
cirrhosis, diffuse osteoarthritis and surgery for a hernia of the cervical spine in 2000.
On admission his blood pressure was 150/90 mmHg
and his heart rate 90 bpm. He appeared to be in good
health.
On physical examination his right hand was pale, cool
to the touch and tender, with hypoesthesia, hypostenia and bullae on the third finger. The coolness
decreased in the middle third of the forearm. The
brachial pulse was present but the radial and ulnar
pulses were absent. A pulsatile mass, that had not
been noticed by the patient, was found in the right
armpit (Figure 1).
Since acute ischemia of the right hand was suspected
a Doppler study was performed. It revealed embolic
occlusion of the radial and ulnar arteries as well as an
axillary artery aneurysm, 4.6cm in diameter, not complicated by rupture or thrombosis (Figure 2).
Emergency surgery was required. Under local anesthesia radial and ulnar embolectomy was performed
with a Fogarty catheter. The angio-computered tomography scan performed after the procedure confirmed
the Doppler finding of an atherosclerotic aneurysm of
the right axillary artery. The aneurysm was 13 cm long
and 43 mm wide with a proximal neck 15 mm in diameter (Figure 3). The distal part of the axillary artery
and the proximal part of the subclavian artery were

Figure 1.

tortuous. The origin of the vertebral artery was normal. There was ectasia of the subclavian arteries and
the abdominal aorta. The patient did not have thoracic outlet syndrome (TOS).
Seven days after embolectomy aneurysm repair was
performed with a prosthetic graft via the right armpit.
The aneurysm was carefully dissected off neighboring
neurovascular structures (Figure 4), in particular the
anterior and posterior branches of the median nerve.
The aneurysm was then resected and the vessel repaired using a 3 cm long and 16mm wide Dacron graft
and a T-T anastomosis was fashioned with 5/0 prolene (Figure 5).
Fifteen cm of the aneurysmatic tract were removed.
There was extensive ulceration of the intima with
tears that had led to dissection.
The patient’s postoperative course was uneventful.
Hand function was restored but though there was slight tissue damage on the third finger. The patient was
discharged on postoperative day 8.
Follow-up at 4,8, and 12 months, consisting of clinical assessment and ultrasound examination, showed
complete recovery of function in the hand with good
blood flow in the bypass and the distal vessels.
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Figure 2.
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Figure 4.

Figure 5.

Figure 3.

Discussion
Acute embolic peripheral ischemia occurs less often
in the arms (16%) than in the legs (75%). In 80% of
cases the embolism is caused by arterial pathology
due to TOS, acute penetrating or blunt chest trauma, atherosclerosis with ulcerating plaques, iatrogenic lesions, chronic direct trauma (use of cruthches)
or indirect trauma (baseball player), mycosis,
Takayasu syndrome, Behçet’s syndrome, Marfan syndrome, cystic medial necrosis, and idiopathic
lesions.1
The axillary-subclavian artery axis is only affected by
atherosclerotic aneurysm in 0.13-1% of cases.2 The
first report of an axillary artery aneurysm, treated
with ligation at the level of the subclavian artery, was

published in 1836.3 A review of the English language
literature revealed that only 6 cases have been published since then.4
An aneurysm of the axillary artery can be managed
with endovascular treatment. The advantages are preservation of the nerves and avoidance of surgical trauma, blood loss and wound or graft infection.5 But
often, when the aneurysm increases not only in diameter but also in length, as in our patient, the artery
becomes so tortuous that catheterization or stenting is
contraindicated. Aneurysm resection and artery replacement are then required and provide good results
provided the brachial plexus is spared. Various
approaches (supraclavicular, infraclavicular, axillary)
and different types of grafts (autologous veins, prostheses) can be employed. The brachial or axillary
veins have been used but there is a risk of aneurysmatic dilatation. The greater saphenous vein should be
the graft of choice because of its long-term patency,
but if it is not available because it has already been
harvested for another purpose or its calibre is not sui-
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sm is a very rare event which, however, requires rapid
treatment of both the embolic occlusion and the
aneurysm.
Our experience has confirmed that surgical treatment
of such aneurysms, as already mentioned in the literature, is effective. Surgery makes it possible to prevent
aneurysm rupture, dissection, or other events, that
result from the large size often attained by these
aneurysms, which are sometimes asymptomatic and
unrecognized, and can cause the patient to lose the
limb involved and/or their life.
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Introduction
Critical limb ischemia (CLI) represents the deterioration of severe peripheral arterial disease, and infragenicular atherosclerosis is its most common cause. The
natural prognosis of CLI is poor: around 30% of
patients undergo a major amputation within one year
from the diagnosis and 25% will die.1 Revascularization is the optimal treatment for CLI to relieve ischaemic rest pain and avoid major amputations.
Management of CLI patients
At the moment, the techniques of revascularization
for CLI are the endovascular (EV) procedures and
open surgery (OS) by means of distal bypass grafts.
Thanks to the newest EV materials and techniques,
percutaneous transluminal angioplasty (PTA) is
nowadays considered the first therapeutic option for
patients affected by CLI; in fact, this option guarantees less invasivity and reduced hospital stay compared to OS. However, some pathological and functional factors (calcifications, length and grade of the stenosis or occlusions, poor run-off) negatively influence
the outcome of the endovascular procedures. OS,
although more invasive, allows revascularizations of
very distal extremely calcified vessels, very long stenosis or occlusions and isolated arterial segments; the
distal bypass grafts need the availability of adequate
veins. There is still much confusion regarding which
criteria to adopt in the selection of the best therapy
for each CLI patient: neither the TASC II classification, nor the current guidelines give clear indications.
Spinelli et al. showed that below the knee EV treatment should not be attempted as the first choice in
every patient affected by CLI, because when the EV
procedure fails or does not entail sufficient clinical
benefit, the results of a subsequent distal bypass are
significantly worse than in the previously untreated
patients. These authors suggest an individualized
approach for each patient rather than a particular
intervention type.2 Also the highest risk CLI patients
have the most to gain from attempts at revascularization; even if end-stage renal disease is a risk factor for
death after revascularization for CLI,3 it should not
preclude aggressive attempts at CLI revascularization

as such treatment provides a survival benefit at all stages of renal failure over medical management alone.4
Increasing age is another marker of poor outcomes in
CLI patients in which the elderly were traditionally
referred for conservative management; however,
among octogenarians, a Swiss group reported significantly lower 30-day and 1-year mortality rates after
revascularization compared to conservative management.5 Bypass patency alone does not ensure clinical
improvement.6 On the other side, long-term limb salvage rates are substantially greater than patency rates,
both in OS and EV. In fact, experience has shown
that if wound healing is the primary objective of treatment in some patients with CLI, it may be sufficient
to achieve only temporary patency until healing has
taken place; after that, the blood flow can also diminish. Whereas limb salvage begins with revascularization, eventual wound healing requires a systemic team
approach that includes wound perfusion assessment
(ankle-brachial index, toe-brachial index, transcutaneous oximetry, skin perfusion pressure), aggressive
medical management of atherosclerosis and related
risk factors (aspirin, clopidogrel, diet control, statins,
beta-blockers, angiotensin-converting enzyme inhibitors), protection of vulnerable tissue (coverage with
appropriate footwear, recommendations for limb offloading, mechanical and enzymatic debridement, provisional antimicrobial therapy). Clinical progression
of wound healing is critical to long-term success as
those that fail to heal suffer high mortality rates.7

Effectiveness of angiosome theory
There seems to be an advantage to revascularizing the
arterial territory directly associated with the area of tissue loss (Figure 1): more straight-line blood flow is
restored to the pedal arteries, more clinical success is
achieved.8 Reports in the Literature support this evidence.9, 10 A recent paper from a Japanese group has
reformulated the concept from “one-angiosome direct
revascularization” to “six-angiosomes direct revascularization”. These authors have clinically demonstrated
that in CLI, if any of the three vessels of the lower leg
are blocked, the remaining vessel(s) can feed the
periphery through arterial-arterial connections. Therefore, in the cases of patency of these connections, any
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Conclusion
CLI revascularization is a complex clinical problem
with significant variability among patients and reperfusion techniques. Conclusions about CLI reperfusion strategy are challenged by the heterogeneous and
generally nonrandomized nature of available clinical
studies. While these analyses have some limitations,
they provide contemporary evidence of real-world
limb revascularization that substantiate further clinical use and study of angiosome-directed limb reperfusion. A comprehensive approach to wound care is
expected to propel CLI care further.
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Figure 1. – Angiosomes of the foot and ankle.

of the three vessels in the lower leg can be targeted in
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between EV and OS treatment for limb salvage is
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Introduction
Peripheral arterial atherosclerotic disease of lower
limbs represents one of the most frequent manifestations of atherosclerosis. In the age group over 65
years, the prevalence of the disease is 5-8%. From
local point of view, the disease is relatively benign,
but because of accompanied atherosclerotic diseases
in other vascular beds: coronary heart disease (CHD)
and cerebrovascular disease (CVD) it is related to
worst prognosis. Mortality of PAD patients is particularly high in subjects with advanced PAD, like critical
limb ischaemia. These patients are mostly dying
because of CHD.1, 2
At least, 10% of patients with PAD have cerebrovascular disease and 28% coronary heart disease.
Regardless whether symptoms are evident or not,
PAD patients are 6-times more likely to die within 10
years than subjects without PAD.2 The SPRINT study
showed that in-hospital mortality of patients with
acute myocardial infarction is associated with the presence of PAD. These patients exhibit more frequently
cardiogenic shock, paroxysmal atrial fibrillation and,
atrioventricular block than patients without PAD.3
PAD is also closely related to carotid atherosclerosis.
House with co-workers showed that patients with
PAD are also at increased risk for stenosis of carotid
arteries. In the study of 476 patients with PAD, stenosis of arterial carotid artery greater than 50% was
identified in 35% of patients.4 Similarly the SMART
(Second Manifestation of ARTerial disease) showed
that the prevalence of internal carotid artery stenosis
increases to as much as 50% in patients who have
PAD and additional risk factors, like age over 67
years, and pulse pressure above 74 mmHg.5 Further,
the prevalence of PAD is in high risk subjects and
coronary or cerebro-vascular patients very high.6
Factor influencing high perioperative morbidity and mortality of patients with PAD
As PAD represents a wide-spread atherosclerotic
disease, these patients are also at increased risk for
perioperative morbidity and mortality. Particularly
patients with PAD are accompanied by coronary

artery disease which is present in 46-71% in this
group of patients.7 Therefore, perioperative mortality
of vascular patients mostly depends on the presence
of coronary heart disease which is responsible for
40% of deaths in first month after operative procedure.8 One year mortality after operative vascular procedure accounts 6-7% and depends on the type of
vascular procedures.9 Further, in vascular patients
risk factors are under-treated. In comparison to patients with coronary heart disease, much less patients
with PAD are treated with statins or antiplatelet
drugs, and hypertension is in this group of patients
less well regulated than in patients with other atherosclerotic diseases. It was found out that antiplatelet
drugs are prescribed in coronary patients twice more
frequently than in PAD.7

Estimation of perioperative risk in patients
with PAD
Reopening procedures on peripheral arteries (surgical
or percutaneous) are accompanied with high risk for
perioperative complications which account more than
5%. As these patients represent one of the more risk
group for perioperative complications, careful examinations of perioperative risk is needed. However, we
have to know what the effectiveness of these tests is.
Surgical patients often undergo extensive preoperative diagnostics without a background of sound evidence that diagnostic benefit outweighs cost and potential harm. Some authors reported that, based on
patient’s history and physical examination 60-70% of
laboratory tests ordered before general surgery are
not required.10 However, it seems reasonable to believe that preoperative testing may reduce adverse outcomes in patients undergoing elective non-cardiac
surgical procedures, particularly in symptomatic
subjects.
Preoperative investigation of patients with PAD
should include assessment of the presence or absence
of clinical predictors of increased risk for perioperative cardiovascular complications, and to determine
patient’s cardiac functional status. Physical examinations of cardiovascular system should include an
assessment of vital signs (including measurement of
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blood pressure in both arms), carotid pulse contour
and bruits, auscultations of the lungs, precordial palpation and auscultation and examination of the extremities. The basic clinical evaluation obtained by
history, physical examination and review of ECG
usually provides sufficient data to estimate cardiac
risk.12 Functional status has been showed to be reliable for perioperative and long-term prediction of cardiovascular event.
Functional capacity can be expressed as metabolic
equivalents (METs). Perioperative risks are increased
in patients unable to meet a 4-MET demand. 11
Patients with functional capacity above 4 METs don’t
need additional investigations. Different scoring
models and questionnaires are available for determinations of perioperative risk of cardiovascular complications. Most frequently Released Cardiac Risk Index
(RCRI) and Vascular Study Group of New England
Cardiac Risk Index (VSG-CRI) were introduced in
every day clinical practice. Estimation of perioperative risk using above mentioned scores is based on risk
factors which can be identified by clinical examination and if patient is in high risk group, additional
examination of cardiovascular system are needed.12 In
patients with increased risk or patients undergoing
high-risk surgery rest echocardiography assessment
should be performed. In high risk patients also stress
testing is recommended. Stress testing may be considered also in high risk patients with less than two clinical risk factors. Stress testing is not recommended
in low-risk surgery. In high-risk patients also stress
scintigraphy is indicated. If results of echocardiography and stress scintigraphy are negative, perioperative risk for cardiovascular complications is low.
Basic biochemical tests which should be performed
preoperatively include: haemoglobin, electrolytes,
coagulation and liver tests. In patients with manifest
heart failure, determination of BNP and NT-proBNP
is indicated.

How to decrease risk for perioperative complications in patients with revascularization
procedures on peripheral arteries?
As atherosclerosis is systemic disease, PAD patients
frequently have also other atherosclerotic diseases
which need intervention, particularly patients with
accompanied heart disease. However, it was shown
that preoperative revascularization of coronary arteries in patients with stable coronary disease does not
improve prognosis of surgical procedures on peripheral arteries 12 with exception of subgroup of coronary
patients with stenosis of main coronary trunk.13 Operative risk could be reduced also with different drugs.
Perioperative use of beta-blockers and statins signifi-

cantly reduces mortality of patients who undergo surgical revascularization procedures on peripheral arteries. Particularly selective blocker of β1 receptors are
indicated.14 The aim is to decrease heart rate to 6080/minute and to reach the systolic blood pressure
between 120 mmHg and 140 mmHg. Further preoperative treatment with statins significantly (up to 59%)
decreases perioperative morbidity and mortality in
patients with revascularization procedures on peripheral arteries.15 Treatment with statins should be
introduced one month or at least one week before
surgical procedure. Treatment with antiplatelet drugs
significantly decreases perioperative complication and
their withdrawal before operation is associated with
10% increase of perioperative complication rate.
Antiplatelet drugs do not significantly increase major
perioperative bleeding. Smoking increase the probability for perioperative complications, therefore abstinence of smoking 4-6 weeks before surgical procedure is suggested.16

Conclusion
Arterial atherosclerotic disease of lower limbs represent dangerous entity with wide spread atherosclerotic disease because of the presence of concomitant
coronary or cerebrovascular disease. Therefore, PAD
patients are also at increased risk for perioperative
risk of morbidity and mortality. Before surgical revascularization procedure, the patient needs careful
check-up of risk factors which increase perioperative
complications and determination of cardiac functional status. Because of frequent simultaneous presentations of different atherosclerotic diseases, priorities of
surgical procedures on different arterial beds should
be checked. Operative risk could be reduced also
with different drugs: beta-blockers, statins, and antiplatelets.
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The term peripheral artery disease in the title is used
to denote atherosclerotic stenosis or occlusion of the
aorta and arteries supplying the lower extremities and
abdominal aortic aneurysms.
Peripheral arterial disease ( PAD), which is caused by
atherosclerotic occlusion of the arteries of the lower
limbs is an important manifestation of systemic atherosclerosis.1 The prevalence of PAD varies among different populations and is often diagnosed when an
ankle-brachial index (ABI) <0.9 is detected.
In the PARTNERS study the subjects aged ≥70 years
PAD or aged 50-69 years with a risk factor for vascular disease (smoking, diabetes) screened for PAD
were screened using the ABI. PAD was detected in
29% of the total population. The prevalence of PAD,
in another study, ranged from 2.5% in the age group
50-59 years to 14.5% in subjects >70 years. At last in
autopsies of unselected adults, 15% of men and 5%
of women who were asymptomatic, had a 50% or
greater stenosis of an artery to the leg.2
The classic symptom of PAD is intermittent claudication, i.e., leg pain with walking that improves with
rest. However, most patients , more than 50% of
patient with symptomatic peripheral artery disease,
do not have intermittent claudication;1 they have atypical leg symptoms or no symptoms at all.
Diabetes seems to be an important risk factor for
patients with PAD. In a sub-analysis of the PANDORA study, which was carried out in Italian subjects
presenting with moderate cardiovascular risk, in the
absence of diabetes or overt vascular disease the
22.9% (95% CI 21.7-24.0) of subjects presented with
asymptomatic PAD, and the mean age was 63.9
years.3
In the REACH survey of those patients identified
with symptomatic PAD, 4.7% had concomitant
CAD, 1.2% had concomitant cerebral artery disease
and 1.6% had both. Thus in this survey, about 65%
of patients with PAD had clinical evidence of other
vascular disease. However, in one prospective study
of 1886 patients aged 62 or over only 37% of subjects
had no evidence of disease in any of the three territories.2
Diehm et al., however, recently showed that the overall mortality at five years for patient with symptomatic PAD is 53.0 patients per 1000 patient-years and

41.7 for asymptomatic, and in patient without PAD
is 19.5. Compared with patients without PAD, those
with asymptomatic PAD or symptomatic PAD had a
significantly increased risk of premature death.4
Patients with peripheral arterial disease, even in the
absence of a history of myocardial infarction or ischemic stroke, are also known to carry approximately the
same relative risk of death from cardiovascular causes
as patients with a history of coronary or cerebrovascular disease.1
The correlation between PAD and STROKE is well
demonstrated by The Edinburgh Artery Study and
the ARIC (Atherosclerosis Risk in Communities) in
witch the authors found an increased risk for stroke
and transient ischemic attack in the population with
increased PAD severity.
The combination of known coronary or cerebrovascular disease with PAD has been shown to increase
mortality risk,5 and this correlation is particularly
high in patients with severe PAD. A strong trend for
increasing risk of mortality was noted for decreasing
ABI.6
The prevalence of atrial fibrillation (AF) in an European study, in subject’s ≥55 years of age, was 5.5 percent in those aged 55 to 59 years and 17.8 percent for
those ≥85 years.7
Observational studies consistently showed that most
of the common risk factors for atherosclerosis such as
age, hypertension, obesity and diabetes are also risk
factors for AF.8
Some patients with paroxysmal or persistent AF have
no underlying structural heart disease but most of the
patients with AF are >65 years of age have many comorbidities, such as PAD, in particular, hypertension
(37%), heart failure (23%), coronary artery disease
(18%) and diabetes (15%). The data based on the
REduction of Atherothrombosis for Continued
Health (REACH) Registry demonstrated that the prevalence of AF in the PAD patient group was 10.4%.
In this study patients with AF were significantly
older; more often had a history of angina pectoris,
MI, ischemic stroke, TIA, CHF, aortic valve stenosis,
CVD, diabetes, hypertension and included a lower
prevalence of smokers.
AF is furthermore a common condition in European
patients with symptomatic PAD.9
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If AF and PAD coexist, mortality increases. Indeed,
long-term CV mortality occurred in 5.6% of patients
with AF and in 1.6% of those without AF (P <0.001),
demonstrating that AF is an independent predictor of
long-term C mortality, with a 1.5-fold increase in
patients with AF and PAD.9 Also, the data of the
REACH registry showed that the prevalence of AF
was 12.5% in patients with coronary artery disease
and 11.5% in patients with peripheral artery disease.
In patients with atherosclerosis, the risk of cardiovascular events (including cardiovascular death, myocardial infarction, stroke, and hospitalization for an
atherothrombotic event) was higher in patients with
concomitant AF (17.9% vs. 12.1% at 1-year followup), and the risk associated with peripheral artery
disease plus AF was higher than the risk associated
with coronary artery disease plus AF (27.1% vs
19.7%). Furthermore in patients with PAD, AF was
associated with a 2.5-fold increased risk of in-hospital
death.10
In a large nationwide cohort study of non-anticoagulated patients with non-valvular atrial fibrillation,
Bjerring Olesen showed that vascular disease was
clearly a risk factor for stroke and
thromboembolism, even after adjustment for
CHADS2 score or baseline characteristics. Vascular
disease increased the risk by approximately 10%, and
the risk was similar to the risk associated with 2 established thromboembolic risk factors: hypertension
and heart failure. Patients with peripheral artery
disease were older, were more often female, and had a
higher risk of thromboembolism (as assessed by the
CHADS2 or CHA2DS2-VASc scores).
By adding vascular disease to the CHADS2 score the
predictive power of the score was increased. This
large study clearly shows that vascular disease needs
to be incorporated into any risk prediction scheme, as
proposed by the CHA2DS2-VASc score.11

Conclusion
Atrial fibrillation in the presence of peripheral artery
disease increases the risk prediction of mortality for
cardiovascular events, with the risk being higher in
patients with severe PAD. Routine measurement of
ankle brachial index in patients with atrial fibrillation
could allow a more exhaustive estimation of cardiovascular risk. It remains to be established whether anticoagulant treatment in patients with atrial fibrillation
could be beneficial also with respect to the progression of peripheral arterial disease. Asymptomatic
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PAD patients could have an atherosclerotic disease
which is more important than showed so far. These
patient need a special clinical and therapeutical
attention.
Probably it is necessary to increase the use of ABI to
identify asymptomatic patients for PAD in the group
of patient with AF in order to identify those at higher
risk of cardiovascolar mortality,
This test is at the moment underused in this group of
patient.
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rate of deep venous thrombosis
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Aim
Deep venous thrombosis (DVT) is a long-lasting and
dynamic process including both thrombus formation
and thrombolysis that occur after an acute episode of
DVT. Complete recanalization of affected veins
occurs in less than 50% of patients. Therefore, the
disease is accompanied by different sequelae like
post-thrombotic syndrome (PTS) and a high recurrence rate of the disease. The majority of patients
with acute DVT will develop symptoms and signs of
PTS secondary to chronic occlusion or valve incompetence of affected veins. 1 Resolution of thrombi
depends on different factors; however, these factors
that contribute to lyses of thrombi remain poorly
understood. It is known that recanalization of affected veins progress with the duration of the disease
and after one year more than 80% of occluded veins
recanalize.2 However, also later on, complete recanalization and normalization of blood flow occur in only
about 50% of cases. It was shown that the rate and
extent of recanalization is an important determinant
of long-term outcome. Therefore, recently factors that
contribute to lyses of thrombi were intensively investigated. It seems that mechanisms of intrinsic fibrinolysis are more important that extrinsic or the type
of treatment.3 So far, several markers of coagulation
and fibrinolysis of blood milieu, in which thrombotic
events occurred, were investigated. Recently, inflammation was shown to be related to activation of coagulation as well as in fibrinolytic resolution of thrombus.4 Therefore, we investigated whether the levels of
circulating inflammatory markers in the stable phases
of DVT are associated with the rate of recanalization
of occluded veins. Also other factors like extent of
thrombotic occlusion were studied.

Materials and methods
Consecutive patients admitted to outpatient department between June 2006 and November 2008 with
first idiopathic deep venous thrombosis of the lower
limbs were included in the study. Patients with secondary deep venous thrombosis or symptomatic atherosclerosis and patients with renal disease and renal
dysfunction (based on creatinine levels) were excluded. All patients included received treatment with
single daily subcutaneous injections of low molecular

weight heparin (LMWH) at therapeutic dose (dalteparin 200 IU/kg/d) along with vitamin K antagonist
(warfarin) from the first treatment day. Initial treatment with LMWH was continued for at least 5 days
and until an international normalised ratio (INR) was
>2 for 48 hours. The treatment with warfarin was
kept at an INR of about 2.5 (desirable range, 2.0-3.0).
The therapy with warfarin lasted for six months.
Altogether, 49 patients were selected in the stable
phase of the disease (four to six months after diagnosis). All patients were evaluated for the presence of
risk factors of atherosclerosis. Demographic characteristics including age, sex, height, and body mass
index (BMI) were recorded. The study was conducted according to the principles of the Declaration of
Helsinki and approved by the State Ethics Committee. Written informed consent was obtained from all
participants.

Results
Forty-nine consecutive patients with idiopathic
venous thrombosis of the lower limbs were included.
They were investigated four to six months after the
acute phase of the disease. The mean age of patients
was 52.3±14.3 years. There were 34 males (69.4%)
and 15 (30.6%) females. The average BMI of the
investigated patients was 27.4±3.6 kg/m2, 14 (29.8%)
of them had increased blood pressure, 11 (23.4%)
dyslipidaemia and 6 (12.8%) diabetes mellitus. On
average recanalization (partial or complete) was
achieved in 38 (76%) out of 49 participants. The
location of the venous occlusion and recanalization
rate of proven venous segments is shown in Table I.
Most frequently proximal deep vein segments were
occluded. Complete recanalization occurred more
frequently in distal segments (popliteal, calf) than in
proximal venous thrombosis and the recanalization
rate was lower in patients with more extended thrombosis. The recanalization rate was higher in females
than in males: in 12 out of 15-87% vs. 25 out of 3473% (P<0.05). Risk factors of atherosclerosis did not
influence the recanalization of occluded deep veins.
The influence of systemic inflammatory markers on
recanalization rate was also studied and it was shown
that recanalization is related to some circulating
cytokines but not to high sensitive C-reactive protein
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Table I. – Multivariate analysis, including inflammatory markers and adhesion molecules for recanalization of
venous thrombosis (dependent variable).
Unstandardized
coefficients

Constant
IL-6 pg/mL
IL-8 pg/mL
IL-10 pg/mL
hs-CRP mg/L
P-selectin pg/mL
TNF alpha pg/mL
VCAM-1 ng/mL

Standardized
coefficients t

B

SE

Beta

34.27
4.43
-0.14
-1.35
-0.31
-0.94
-0.48
-0.01

16.02
1.10
0.358
1.08
0.35
0.33
0.48
0.02

0.62
-0.05
-0.18
-0.14
-0.42
-0.14
-0.06

2.16
4.02
-0.38
-1.25
-0.89
-2.86
-0.99
-0.44

P value

0.037
<0.001 *
0.71
0.22
0.38
0.007 *
0.33
0.67

IL-6: interleukin-6; IL-8: interleukin-8; IL-10: interleukin-10; TNF-α: tumour necrosis factor alpha; VCAM-1: vascular cell adhesion molecule-1; * P<0.05 – significant difference; R2 =0.37 significance for the model: P<0.05.

(hsCRP) and to adhesion molecule - VCAM-1. The
multivariate analysis including inflammatory markers
and recanalization of occluded deep veins as dependent variables showed that IL-6 and P-selectin remained the only statistically significant independent predictors of recanalization of vein thrombosis.

Discussion
The results of our study show that in most patients
lysis of thrombus starts early after an acute episode of
DVT. However, complete thrombus resolution is after
6 months of period achieved in only of 1/3 of them.
Complete recanalization was observed less frequently
in patients with proximal extended DVT. It indicates
that increased thrombus load is related to lower recanalization rate and probably after an acute episode a
longer period is needed for thrombus resolution.
Similarly, Markel with co-workers found that partial
or complete recanalization of DVT after 6 months
occur in 67% of patients, and in 4 years up to 100%
recanalization is expected. 2 There is no definite
answer whether exogenic activation of fibrinolysis
with thrombolytic drugs significantly improves the
recanalization rate.5 Early elimination of thrombus is
very important because it influence the long-term
outcome. Otherwise, fibrotic transformation of the
clot appears and results in chronic occlusion of the
affected veins.
The precise mechanism of the recanalization process
remains unclear. Recanalization is the process through which occluded thrombi undergo changes in size
and structure, resulting in eventual re-establishment
of the venous lumen.6 At the beginning, the thrombus
probably undergoes the process of fragmentation. In
this process, peripheral parts of thrombus are broken
up into small pieces separated by clefts.7 The central
parts of the thrombus soften and undergo lysis, which
together with fragmentation result in thrombus elimi-

nation and recanalization. The crucial roles most probably have endothelial cells and their fibrinolytic and
thrombotic activity. Endothelial cells produce thrombomodulin C, heparin and dermatan sulphate, tissue
plasminogen activator, nitrogen oxide, and prostacyclin. However, in case of endothelial damage, the
prothrombotic and pro-inflammatory sate is thrombus formation.
In our study, most of investigated fibrinolytic parameters were not significantly related to the recanalization
rate with the exception of t-PA activity, which was
significantly higher in patients with successful recanalization, and t-PA was shown to be an independent
predictor of venous thrombosis.
The involvement of inflammatory process in thrombus formation and its resolution was confirmed in different studies. It was shown that inflammation increases tissue factor, platelet activity fibrinogen and inhibits fibrinolysis.8 However, inflammation is also involved in thrombus resolution. Leukocytes invade in the
thrombus during its transformation, and probably
influence thrombus resolution by stimulation both
fibrinolysis and collagenolysis.9 Also monocyte chemotactic protein 1 (MCP-1) has also been shown to
be associated with resolution of thrombus.10
This study is also the first to show that recanalization
appears more frequently in females than in males. It is
not clear why in our study the recanalization rate was
higher in females. The age of both sexes was comparable, there were no differences in the extent of thrombosis (thrombus load), and levels of inflammatory
markers and fibrinolytic parameters were comparable
between the groups. Therefore, on the basis of the factors that were studied in this trial, it is not possible to
explain the differences in the recanalization rate
between males and females and other factors not
included in this study, like differences in hormone status, most probably influenced the recanalization rate.
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In our study of the circulating inflammatory markers
only levels of IL-6 and P-selectin were related to recanalization rates of VT. These findings indicate that
VT is related to the systemic inflammatory response
and that inflammation is probably the basic mechanism through which different risk factors trigger thrombus formation.11

Conclusion
Deep venous thrombosis is a chronic process which
includes both thrombus formation and thrombolysis. Recanalization of occluded veins is of utmost
importance for long-term prognosis and sequelae.
Results of our study show that recanalization of
occluded deep veins depends on the extent of
thrombus and is more frequently observed in females than in males, and is related to some circulating
inflammatory markers.
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Varicose veins are not only an annoying problem of
an aesthetic nature that undermines the vanity of
those who want to show off toned legs with no blemishes, but they can hide a disorder concerning chronic
venous insufficiency (CVI) of the lower limbs.1
There is no single solution to eliminate varicose veins.
Each patient requires an individual approach, which
involves the application of one method rather than
another, or sometimes a combination of several
methods.2-4
Up to now, specialists have preferred a therapeutic
approach more in line with their own specific branch
of medicine: in other words, often the phlebologist
with a medical background prefers sclerotherapy,5 the
radiologist intravenous treatment and the surgeon traditional surgery, regardless of the specific clinical condition of each patient.6, 7 Thus, the need for standardization of data and results, led to the MEVeC (Shared/CombinedHemodynamic VenousMap) creation,
in order to solve the problems regarding the organization and comparability of data and results in the treatment of chronic lower limbs venous insufficiency.
MEVeC is an innovative diagnostic tool and represents the evolution of the old MEV (hemodynamic
venous map), i.e. it is a graphic diagram of analysis
which adopted the Doppler ultrasound evaluation to
study both venous segments (as you normally would)
and the entire hemodynamic of venous system. All
the information acquired allows physicians to obtain
an accurate "map" of the venous system, where all
morphological (size of the veins, course, depth etc.)
and functional (analysis of changes in venous flow in
the various static positions and dynamics) characteristics are represented. The hemodynamic venous studies had been extensively validated over the last 20
years; furthermore, most of the literature that has
been produced has not been fully exploited, due to

the difficulty to easily access all the information
gathered on the subject (despite the use of paper or
computer data bases) mainly because it involves a lot
of extra hard work (quite significant when dealing
with such an elaborate process).
The MEVeC is a project which has been conceived
and led by a specific task force that belongs to the
School of Excellence in Phlebology. For the first time
in the history of phlebology, MEVeC allows physicians to use multiple data and to compare all the different well-known ultrasound methods, reaching a
final single, uniform and objective "control panel”,
where everything is connected. This will enforce the
concept of “sharing information in a uniform way”,
becoming an instrument accessible to all those dealing with phlebology, no matter what the therapeutic
approach (physician, surgery, rehabilitative, sclerotherapy, etc.) may be. Doctors will share the information
gathered in the examination of the patients, accepting
its absolute value in terms of credibility and thus
recognizing it as a common diagnostic tool for standardized therapeutic solutions concerning CVI of the
lower limbs with the possibility to reproduce a comparable clinical chart that goes beyond the technique
used.
The core of this project lies in a software (MEVeC 3D)
that reproduces a three-dimensional venous system of
the lower limbs and it "guides" the operator in
carrying out the diagnosis on the basis of an operational methodology scientifically validated in terms of
accuracy, sensitivity and specificity (Figure 1).
This method of diagnosis performed with Doppler
ultrasound has been developed by a task force coordinated by Aldo Innocente Galeandro, involving the
Department of Cardiovascular and Respiratory Sciences of the University of Rome La Sapienza, Cardiology University of Bari and the Health Department of
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Figure 1. – MEVeC map example representation.

Scientific-Technological Park of the University of
Bari. The first application and methodology was
published in "the Vascular Health and Risk Management" in 2012 (Doppler ultrasound venous mapping
of the lower limbs).8

The software was perfected at the Laboratory of
Computational venous hemodynamics at the Technology Park and, as already mentioned, the doctor is
literally "guided" through the process when it comes
to creating a map with the information that is needed
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to transpose the parts with a 3D representation,
which is essential in order to understand the functional characteristics of a system, such as the venous
system in a three-dimensional context.

Software features
The limb was divided into 4 parts (2 thighs and 2
legs) with the following topographic determinations:8
– 1 st part: from the midpoint of the thigh to the
inguinal ligament;
– 2nd part: from the kneecap to the midpoint of the
thigh;
– 3rd part: from the midpoint of the calf to the kneecap;
– 4th part: from the heel to the midpoint of the leg.
List of veins that are examined for each part are
gathered in table I.
In order to simplify the method, the MEVeC project
was performed after extensive reviewing the anatomical representation and symbolism of the venous
system, in order to give physicians the opportunity to
represent a three-dimensional map of the limb not
marked with the various old-fashioned and complicated venous segments (R1, R2, R3, R4).9 This will simply the evaluation of the lower limb venous vasculature.

The concept of sharing information
Bearing in mind that the information to be transferred onto the map 10 varies according to different diagnostic and therapeutic needs, MEVeC is able to give
important results and data to take into consideration
in order to have an objective instrument available for
all operators (i.e., doctors, rehabilitation physicians,
surgeons, etc.).
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Furthermore, it is possible to obtain an Automatic 2D
and 3D medical report, to be shared with the Data
Processing Centre of the Technology Park. This will
give physicians the chance to compare their findings
and their performance with more colleagues. Such a
purpose will ameliorate diagnosis of CVI and its
treatment, thus it will create a common language and
instrument for all phlebologists all over the world.
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To sclerose a vein means to inject in a vein lumen a
chemical product which is able to induce an endothelial lesion, usually followed by a thrombus (sclerothrombus) formation; subsequently this process results
in a varicose vein occlusion and finally vein fibrosis
(vein “connettivisation”) hopefully occurs. The injected substances typically involve only the diseased
veins. Modern sclerosing substances act directly on
the endothelium vein: three hours after the injection
an endothelial swelling with desquamation is detected, after 15 hours a deposition of a mixed thrombus
takes place and after about 24 hours it fixes to the
vessel wall until its final connective organization;
finally up to 60-90 days after the injection, fibrosis of
the vein may occur (Mariani F. et al. 1996).

Indications
The indications of sclerotherapy in VCI are:
– incompetent saphenous veins;
– tributary varicose veins;
– incompetent perforating veins;
– reticular varicose veins;
– telangiectasias (spider veins);
– residual and recurrent varicose veins after previous
interventions.
Liquid sclerotherapy is considered to be the method
of choice for the treatment of CEAP 1 reticular varicose veins and telangiectasias. In the treatment of incompetent saphenous veins, thermal ablation or surgery
are well established methods. Nevertheless, treatment
of saphenous veins by sclerotherapy is also a good and
cost effective treatment option. This applies in particular to foam sclerotherapy, as has been demonstrated
by case control studies and prospective randomized
controlled studies conducted in recent years.

Contraindications
The contraindications are:
absolute contraindications
– Known allergy to the sclerosant;
– Acute deep vein thrombosis (DVT) and/or pulmonary embolism;
– Local infection in the area of sclerotherapy or severe generalised infection;
– Long-lasting immobility and confinement to bed.
Relative contraindications
– pregnancy;
– severe peripheral arterial occlusive disease;

– strong predisposition to allergies;
– high thromboembolic risk (e.g. history of thromboembolic events, known severe thrombophilia,
hypercoagulable state, active cancer);
– acute superficial venous thrombosis;
– anticoagulation treatment per se is not a contraindication to sclerotherapy.

Complications
If performed properly, sclerotherapy is an efficient
treatment method with a low incidence of complications. The severe complications (very rare <0.01%)
are anaphylaxis, visual disturbances, headache,
migraine, tissue necrosis, stroke and TIA, DVT, pulmonary embolism and nerve injuries. The common
benign complications are the residual superficial
venous thrombosis (SVT), matting and residual pigmentation. The frequencies of SVT is between 0%
and 45.8% with a mean value of 4.7%. The definition
of phlebitis after sclerotherapy in the literature is controversial: an inflammatory reaction in the injected
part of the vein should not be interpreted as phlebitis,
whereas superficial vein thrombosis in a non-injected
vein would fulfil this definition. Skin pigmentation
has been reported with frequencies ranging from
0.3% to 30% in the short term but in general, this
phenomenon resolves slowly in weeks or months. The
more effective method to prevent pigmentation is to
remove intravascular clots by stab incision or direct
puncture by a needle. In addition, post-sclerotherapy
UV exposition should be avoided for the first period
after sclerotherapy.
Matting is a new occurrence of fine telangiectasias in
the area of a sclerosed vein or telangiectasias. Inadequate or no treatment of the underlying reflux is the
cause in many cases of matting. High initial concentrations or large volumes of sclerosant can also result
in inflammation or excessive vein obstruction with
subsequent angiogenesis. Treatment of matting
should concentrate on the underlying reflux.
Other general or local transient reactions after sclerotherapy include vaso-vagal reactions, nausea, metallic taste, intravascular coagula, haematomas, ecchymoses at the injection site, pain at the injection site,
indurations, wheals, blisters and erythema.
Sclerosing solutions
Currently used sclerosing substances have different
mechanisms of action and aggression on vein walls,

21st EUROCHAP - IUA. European Chapter Congress of the International Union of Angiology
but basically they are all osmotically active and as overall their action on the endothelium may be just irritative, necrotizing or colliquative.
Factors which influence the sclerosing power are:
a) dose and concentration of medication;
b) physical-chemical variables (pH, liquid or foam) of
the agents and of the blood;
c) physical-hemodynamic reasons inherent to local
flow conditions;
d) injection technique;
3) variability of the factors related to thrombosis and
fibrosis of the treated vessels.
All sclerosant drugs have a different mechanism of
action, but by changing (usually increasing) the pH of
a drug, this becomes a more powerful sclerosant. Different sclerosing solutions have been used to treat
varicose veins in recent decades, depending on national regulations, national traditions, and the size of the
veins to be treated.
Sclerosing substances are grouped, depending on the
power, in three main groups:
major sclerosants: iodine solutions and Sodium tetradecyl sulphate STS;
medium sclerosants: Polidocanol POL, sodium salicylate SS;
minor sclerosants: chromated glycerin CG, dextrosesodium chloride DCS, hypertonic saline solution
23.4%.
Polidocanol (lauromacrogol 400) is available in different concentrations, for example 0.25, 0.5, 1, 2 and
3% (this corresponds to 5 mg, 10 mg, 20 mg, 40 mg,
60 mg respectively in a 2 mL-ampoule). Polidocanol
is a non-ionic detergent and a local anaesthetic. The
dose of 2 mg polidocanol per kg body weight and per
day should not be exceeded (German Summary of
Product Chracteristics/Package Insert for Aethoxysklerol-Kreussler 2012).
For a patient weighing 70 kg – independently of the
medically indicated amount – a total of up to 140 mg
polidocanol (lauromacrogol 400) per kg body weight
per day should not be exceeded. 140 mg polidocanol
are contained in:
polidocanol-solution 0.25% 56 mL injection solution
polidocanol-solution 0.5% 28 mL injection solution
polidocanol-solution 1%
14 mL injection solution
polidocanol-solution 2%
7 mL injection solution
polidocanol-solution 3%
4.6 mL injection solution
Sodium tetradecyl sulphate is an anionic detergent
sclerosant drug. It is supplied in concentrations of
0.2%, 0.5%, 1% and 3% (2 mg/mL, 5 mg/mL,
10/mL and 30 mg/mL respectively (e.g. Prescribing
Information Fibrovein, UK STD 2012). Excessive
doses of STS may lead to haemolysis of red blood
cells and therefore the manufacturers recommend
limiting the dose of STS to not more than 4 mL of
3% solution and not more than 10 mL of all other
concentrations per session of treatment.

Indications

Telangiectasias (spider veins)
Reticular varicose veins
Small varicose veins
Medium-sized varicose veins
Large varicose veins
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Concentration
% POL

Concentration
% STS

0.25-0.5
0.5-1
1
2-3
3

0.1-0.2
up to 0.5
1
1-3
3

Chromated Glycerin or glycerol is a glycol (bivalent
alcohol) used as an osmotic diuretic and it is a sclerosant liquid, when combined with chrome alum, which
has strong coagulating properties. Today a bluish
coloured and oily sterile solution of chromated glycerin is commonly used, and it is composed of 72% of
glycerin and of 1,11% of chrome alum; alternatively
in a few countries the single glycerin or glycerol is
used as a compound drug. Thanks to Kern’s recent
studies CG has re-gained some popularity in the
scientific community, as it proved to achieve good
results in the treatment of telangiectasias, over the use
of POL, STS or sclerosant foam. CG has an irritating
chemical action on the endothelium, and it is a weak,
viscous sclerosant which may result in some minor
local side effects such as pigmentation, peri-venous
inflammation (rarely necrosis), skin redness and/or
short lasting pain in the surrounding area. Systemic
reactions are those common to all sclerosant agents
(allergies, etc.) plus a dark colored urine emission in
rare cases. Generally CG dose per session and per
injection never overcomes 10 mL and 3 mL respectively (usually few drops per injections in telangiectasias) and this “weak” drug is used for telangiectasias
and reticular varices only.
Salycilates (Sodium Salicylates and Potassium Salicylate) an ancient remedy known to Hippocrates and
Galen and also in the Middle Ages, exist in nature
such as salicylic and methyl salicylate. Firstly used in
1876 in rheumatic fever, then basic components of
acetylsalicylic acid (ASA) 20 years later, salicylates
were introduced by Jean Sicard in 1919 in France
(sodium salicylate, SS) in sclerotherapy of varicose
veins. SS has been widely used worldwide (mainly in
France, Italy, Canada and Argentina) in the last 60
years, basically for minor varicosities only, more frequently under the form of compound drug.
SS is usually used at 10-20% concentration, with
xylocaine included to compensate the hyperalgesia
which SS may generate in the first seconds after the
injection. More recently Mariani and Izzo introduced
Potassium Salicylate (PS) to potentiate salicylate ion
activity on endothelial cells, using an alkaline ph formulation; this also resulted in a lower pigmentation
rate in the authors’ experience. SS and PS have also
shown a beneficial effect on venous symptoms such as
cramps and heaviness though a short-lasting painful
injection is associated with higher concentrations.
Side effects are skin necrosis (if extra-venously injected), rarely pigmentation. Allergy to ASA and deaf-
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ness are common contraindications to usage of SS or
PS. 10 mL of SS 20% is the recommended maximum
dose per session, while 0,1-0,5 mL of SS or SP are
commonly used per injection.
Hypertonic Saline solution (HSS) (23,4%) damages
endothelial wall and induces a thrombus within one
hour after injection, while the sclerosis is completed
in 2-4 weeks. Addition of heparin to HSS resulted in
some more “matting”, probably due to the angiogenesis action of heparin, without any improvement of
the outcomes.
Local side effects are similar to those of salicylates,
while the lack of selectivity of action of HSS on the
diseased vessel walls may explain the higher incidence
of deep vein thrombosis (DVT)/pulmonary embolism
(EP) in literature. Finally caution in hypertensive
patients is recommended if large amounts are injected. Generally 15 mL is the suggested highest dose
per session, and 1 to 3 mL of HSS is the dose per
injection, while few drops are used in telangiectasias.
Dextrose+Sodium Chloride (DSC) is composed of a
mixture of: Dextrose 250 mg/mL, NaCl 100 mg/mL,
Phenethylic alcohol 8 mg/mL, propylene Glycol 100
mg/mL, water up to 10 mL. This hypertonic solution
with 5.9 pH value causes dehydration and necrosis of
endothelial cells, after 3 minutes from injection. The
deposition of fibrin and thrombus formation occurs
because of a change of electrostatic charges in the
endothelium under esfoliation. Local side effects of
DSC may include pigmentation, rare skin necrosis,
while, like HSS, a lack of the selectivity of action may
rise the risk of DVT/PE if large amounts are injected
(total volume of 10 mL per session is recommended).
Again from few drops to 3 mL is the dosage per injection and DSC is mostly recommended in telangiectasias and reticular varices only.

Physics of the sclerosing injection
Experimental studies carried out by Stemmer R. show
that blood and sclerosant liquid always move towards
the area of lowest pressure according to a pressure
gradient. Through compression you can canalise the
liquid towards a segment (e.g. perforator) or increase
the contact time with the endothelium; also it was
demonstrated that the manner in which the sclerosant
substance is distributed also depends on the size of
the vessel.
The so called "air block" technique (which has been
proposed for small varices) consists in an injection of
a quantity of air before the liquid sclerosant, to
displace some blood from the injected segment,
obtaining a better contact between the substance and
the endothelium, as shown in Stemmer’s studies.
In Stemmer's and our own experimental studies, the
caliber of the needle affects the dynamics of the injection: at the same injection speed rate and with the
same amount of time, the quantity of substances that
touches the wall, increases or decreases according to
the dimensions of the needle.

While Stemmer’s experience demonstrates that the
injection rate does not affect the sclerosis effect,
Zelikovski A. demonstrated that the rapid injection of
labeled iodine solution 4% results in a longer contact
time with the vein wall compared to a slow technique.
It is somehow finally agreed that the bending of the
needle is completely irrelevant as to liquid injection
dynamics.
Chemical and physical constants of blood and of sclerosant agents interact in due course of sclerosing
action. An endothelial injury may be caused by alteration of the electrical charge, of blood pH, of osmolality and of the surface tension. The lowering of surface tension induced by detergent agents and the osmotic variations of hypertonic solutions determine significant changes in the endothelium. The viscosity of
the sclerosant agent does not influence the effect, but
a strong viscosity slows the progression of the product along the venous route (which is the case, for
example for CG). Density is important in the distribution of the liquid in the vessel: if the specific weight
of sclerosant agent considerably differs from that of
blood (mean 1.050) it will tend to float or sediment
(depending on whether it is lighter or heavier, respectively), which affects the necrotizing effect on the
endothelium.
Factors related to thrombosis and fibrosis of venous
vessels may be different from those ones in Virchow’s
triad: the thrombus is poor of fibrin and there is a
reduced participation of coagulation mechanisms.
The slowdown of blood flow and hypercoagulability
do not play an important role in the formation of
post-sclerotherapy fibrosis and for example no
decrease of the sclerosing POL activity has been
reported in anticoagulated patients, as the endothelial
injury is the key-mechanism that provokes the localized sclero-thrombosis.
Several physical variables may positively or negatively
interfere with the sclerosis process and the volume of
the target vein is probably one of the most important.
When injecting a sclerosant agent into the vein, the
blood dilution plays a major role, due to the interaction of blood components (primarily proteins) with
the sclerosant drugs. Intuitively the larger the vein,
the higher the blood/protein content, the higher the
negative interference with the sclerosant drug action
on the blood content itself and finally on the vein
walls.
Vein calibre reduction, prior to any injection is hence
suggested in liquid or foam sclerotherapy, to maximise the sclerosant effect on the vein walls. This simple
statement brings most sclerotherapists to inject
patients only in supine position; in this position vein
size decreases by about 50% from standing position
and the dilution of the sclerosant drug at 5 cm from
the injected site is about three times lower. The possibility of raising the limb before any sclerosing treatment commences, may lead to a further reduction of
the dilution of the sclerosant drug 5 cm far from the
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Table I. – Compression therapy during sclerotherapy
Varicose veins
Greater saphenous vein
Collateral varicose veins
Short saphenous vein
Collateral varicose veins

Non-saphenous
varicose veins

Concentric
compression

Duration

Eccentric
compression

Duration

Non-elastic or short-stretch bandages.
MCS(*) at least 2nd class or
Sigvaris® postoperative stocking
Non-elastic or short-stretch bandages.
MCS(*) at least 2nd class

7-21 days

Obligatory, better if in non
compressible material

7-21 days

Optional
Obligatory for large
varicosities

Fixed or
removable
4-7 days
Fixed or
removable
4-7 days

7-21 days

Optional, not necessary
for veins with a
diameter <2 mm

Non-elastic or
short-stretch bandages.
MCS at least 1st class

–

(*) It can be recommend the use of two superimposed elastic stockings, removing one of them at night.

injected point (8 times higher concentration in comparison with a standing position); similarly with 30°50° elevated limb a 60-80% calibre reduction is
expected in the saphenous and tributary veins. To
overcome the possible difficulty to cannulate a vein in
a raised limb many physicians prefer to raise the limb
after entering the vein in supine position and after
fixing the needle/catheter to the skin. Limb elevation
does not necessarily attain to sclerotherapy of minor
varicosities, as the latter reduce in size much less (or
not at all) due to their location in the dermal space
and to the minor changes of the inner pressure with
postural changes. For reticular varices and telangiectasias a possible option to improve the blood reduction/clearing effect in the treated segment. could be
to inject and retrieve the sclerosant drug within the
vessel a few times In our empirical experience this
procedure seems to reduce clot retention, while
increasing the sclerosing power, even of low concentration drugs (e.g. POL 0,25%, STS 0,1%, SS 12%).
As vein calibre and blood content are strictly regulated by the transmural pressure (external pressure vs.
inner vein pressure) it is possible to increase external
pressure through stockings or bandages (with or
without pads to increase local pressure according to
Laplace’s law), which is more easily achievable for
varicose tributaries or for subcutaneous veins in general.
Some of the considerations and data mentioned
above may not necessarily be pertinent to the injections of sclerosant foam. In fact foam dynamics significantly differ from liquid dynamics, both in supine
and raised limbs. A potentiated action of foam over
liquid drug has been proved in different studies,
which can be referred to the prolonged contact
between drug and vein wall, to the great multiplication of the active surface of the drug over the microbubble surface, to the reduced blood content in the
injected segment and to many other factors which
intervene in foam activity and which are still under
investigation.

Compression
Compression therapy is the cornerstone of sclerotherapy. It involves the use of bandages during active
treatment in order to reduce the lumen of the treated
vein, to reduce the clots and the inflammatory reaction of the vein walls to sclerosing agents. Local
eccentric compression significantly increases local
pressure in the sclerosed area and improves the efficacy of sclerotherapy. The use of elastic stockings
(MCS) is recommended with the aim of ensuring adequate compression to consolidate the venous fibrosis.
The duration and methods of compression vary
according to the specialists and sclerotherapy techniques. Some studies show equal efficacy in the therapeutic outcome of bandages maintained for a few
hours to six weeks, as a significant fall in the pressure
exerted by the bandages 6-8 hours following application has been shown. Compression combined with
mobilisation of the patient is, however, fully justified
after sclerosis of varicose veins, especially if they are
large in size and located in the lower leg. This cannot
be standardised but must be assessed from case to
case. In general, a rigid bandage with the aid of
“eccentric” compression is applied after sclerotherapy of medium to large varicose veins, and this is
replaced after about a week by a MCS 1st or 2nd class.
Compression therapy in brief controls extension of
the thrombus resulting from the endothelial lesion
produced by the sclerosing agent, approximates the
vein walls and limits periphlebitic reactions, thus
improving the final result and the incidence of pigmentation decreases significantly.
The use of MCS after sclerotherapy of reticular varices and telangiectasias is controversial since the pressures necessary to exert an effective action on small
veins are too high (about 80 mmHg); it is advisable to
prescribe support of a compression class suitable for
the degree of venous insufficiency that is present. A
study by Kern P. et al. shows the necessity of a MCS
2nd class (Sigvaris® 702) worn for three weeks to
improve the results of sclerotherapy carried out with
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liquid drug in 100 cases with C1, Ep, As1, Pn. The
table below gives suggestions for application of compression during sclerotherapy. Compression treatment with bandage and medical compression
stockings may improve the results of sclerotherapy for
varicose and spider veins (Table I).
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