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Preface

Compression is one of the most ancient treatments employed by man and its role has been defined over
the centuries by a wealth of experience and a large number of studies. Compression therapy has a central
role in the treatment of lymphatic and venous diseases, which affect more than a quarter of the european
population, and it is also very important in the prophylaxis of venous thromboembolism; if performed
well in the classes of patients at risk, it may be life-saving. The “Compression Therapy study Group” CTG was founded in Italy in 2003. It is engaged in scientific research and to promote the “culture” of
compression therapy in phlebolymphology in Italy. The third Consensus on Compression Therapy in phlebolymphology issued by the CTG was necessary in order to update the previous one of 2009 and to link
the daily clinical and scientific experience of many experts with evidence based medicine, as summarised
in the Guidelines of the major scientific associations. The purpose of this is to provide the briefest possible
and at the same time most complete picture of compression materials and methods in phlebolymphology
and to recommend the procedures required in the various clinical conditions.
The document does not only include current evidence based medicine on compression therapy, but it
has also been attempted to give the right value to the clinical experience so that it can give therapeutic
indications applicable to the various needs of daily practice.
I would like to thank the CTG’s Scientific Director and all the colleagues who contributed on drafting
the Consensus with a great competence.
Fabrizio Mariani
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The history of compression therapy

The history of containment and compression is lost in the mists of time until the first evidence
is found in the Neolithic period (5000-2500 BC) with the discoveries in the Tassili caves in the
Sahara, where paintings on the rocks show warriors with bandaged legs in a sort of ritual dance.
We find further evidence among the Scythian warriors with their bandage leggings and the Egyptians (17th dynasty, 1650-1552 BC), as reported in the Edwin Smith papyrus (155 BC), where
the earliest descriptions of curettage of skin ulcers are found; in the Ebers papyrus (XVIII dynasty,
1400 BC) where the use of haemostatic bandages is mentioned in the eighth section dedicated to
the heart and blood vessels; in biblical evidence in the Old Testament (prophetic books, Isaiah, I:
6; 8th century BC “…they are not bound up nor dressed…”); in the descriptions of Hippocrates
(450-350 BC); in the Indian medical text “Sushruta Samhita” (200 BC) in which the use of linen
bandages, among others, is mentioned, and finally, among the Greeks, Hebrews and Romans. There
are further references in the early Christian period in Celsus (in his “De Medicina”, 25 AD), in
Galen (130-200 AD) with his bandages of wool and linen and with the description of an adherent
bandage intended to prevent blood from flowing back and downwards and compresses soaked in
wine, the first examples of positive eccentric compression, and in Oribasius (324 AD) with his treatise on the surgery of ulcers and what is probably the first description of stripping.
After that time, reports of compression therapy disappear and reemerge, though only sporadically, with the Persian philosopher and physician Avicenna (980-1037) and with Guglielmo of
Saliceto (1210-1276) who was among the first to isolate wounds from the air (the modern concept
of occlusive dressings). Compression was subsequently treated by Henry de Mondeville (1320),
Guy de Chauliac (1363) and Giovanni Michele Savonarola (1384-1468) in his treatise on venous
diseases; he taught at Padua and was the grandfather of the theologian Girolamo who was burned
at the stake; he was summoned in 1440 to the d’Este court in Ferrara, where he became physician
to Niccolò III; Paracelsus (1493-1541), physician and alchemist who publicly burned the writings
of Galen and Avicenna, famously saying “Thus every bad thing goes up in smoke”; Ambroise Parè
(1510-1590AD), Henry II of France’s personal surgeon, who described bandaging with a layer
of lead. A historical moment in Italian phlebology is thus reached: prior to the description in the
famous work De Venarum Ostiolis by Girolamo Fabrizio of Acquapendente (1537-1619) the venous valves had been described by Giambattista Canano (1515-1579), who was already a lecturer
in anatomy at Ferrara while still a student and who was famous for his description of muscles
(Muscolorum Humani Corporis Picturata Dissectio, 1541). He subsequently told Andrea Vesalius
(1514-1564), whose brother Francesco was with Canano at Ferrara, of his discovery of venous
valves in the azygos vein system. In reality, Canano had already observed venous valves in the horse
in 1536 and he then described them in the azygos veins in humans. In the autumn of 1542 Vesalius
showed Canano the plates of his work De Humani Corporis Fabrica (first edition 1543, second
edition 1555) designed by Kalkar, a famous apprentice of Titian’s, and Canano halted publication
of his treatise on myology.
Canano in fact destroyed the copies of the book that were already printed but fortunately a few
examples distributed to friends and relatives survived.
In the same years, around the time of the discovery of the venous valves, another famous anatomist
of the period (Charles Estienne or Carolus Stephanus, 1504-1564), a contemporary of Vesalius and
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a pupil of the same master as Vesalius’s (Jacques Dubois known as Sylvius, 1478-1555), published
his important anatomical work, De Dissectione Partium Corporis Humani (1545), in which he
described the valves of the hepatic veins.
This monumental work was started in 1530 but was only published in 1545 and Albrecht von
Haller in 1751 called l’Estienne “primus valvularum auctor”.
Girolamo Fabrizio of Acquapendente (1537-1619, a successor to Savonarola as a teacher in Padua described both venous valves (De Venarum Ostiolis) and laced calf leather stockings (De Chirurgicis Operationibus). Guy de Chauliac (1300-1386), a surgeon in Montpellier, in his “Chirurgia
Magna” marked a historical moment for compression as this work was referred to for the next four
centuries. Michele Savonarola is regarded as the founder of conservative treatment of varicose veins;
in his “Pratica”, he specifies that the bandage had to be applied from the foot to the top of the limb,
an idea also supported by Parè. In 1628, based on the observations of Fabrizio of Acquapendente
(De Venarum ostiolis), William Harvey (1578-1657) described the circulation of the blood and
indicated the relationship between venous stasis and compression therapy.
Richard Wiseman (1622-1676), Charles II of England’s sergeant surgeon, described puerperal
venous thrombosis in his “Several chirurgical treatises” which he treated with bandaging from the
foot to the knee; he recommended the use of a laced stocking made of dog skin, and was probably the first to use the term “varicose ulcer”. In the same years, the Parisian surgeon Pierre Dionis
(1643-1718) described the use of elastic laces and flannel bandages, while Johann Christian Anton
Theden (1714-1797), surgeon general to the court of Frederick of Prussia, in the first part of his
work, which appeared in 1771 (“Neue Bemerkungen und Erfahrungen zur Bereicherung der Wundarzneykunst und Arzneygelahrtheit” or “The great benefit of wrapping the extremities in bandages”), illustrated bandaging techniques with the detail of including the fingers or toes, stitching
the turns or wearing a sock to avoid displacement of the bandage. In the same period, two other
publications appeared in England: the first by Else J on compression of ulcers with lead plates (a
method developed by Battiscomb, an apothecary who jealously kept this technique secret from
everyone), and the second by Rowley in his monograph on ambulatory treatment of leg ulcers.
The importance of compression in healing leg ulcers was confirmed in a detailed manner by Bell
B in 1778 by using tight bandages with the aim of approximating the ulcer margins to promote
healing. Compression with India rubber was described by Wye in 1781 and soon afterwards there
were reports on the use of inflatable India rubber leggings (aerie pulse leggins) for ulcers or even
compression packs impregnated with turpentine wax and covered with bandages of different types
(leather, cardboard, cork, celluloid).
Thomas Baynton represents a further stage in the history of compression therapy with his “New
method of treating old ulcers” of 1797, which, based on Bell’s observations, described a tight bandage (Baynton bandage) with plasters of pitch resin cut in strips and positioned on the limb like tiles,
which was able to exert strong pressure to approximate the margins of the ulcer. Other authors such
as Velpeau (1826) and Boyer (1831) confirmed Baynton’s method while Sir Everard Home (1801)
described the role of elastic compression in reducing ulcer recurrence; finally, Sir Astley Cooper
(1824) affirmed that “elastic compression is able to restore valvular continence”.
Different historical testimonies prove the widespread use in London hospitals towards the end
of the 18th century of elastic containment for treating leg ulcers, while its prophylactic therapeutic
use appeared later in the 19th century, especially because of the importance attributed to ulcerative
pathology of the legs as a cause of absence from work. In 1730, counsellor Eller TJ in Berlin complained of the fact that very large numbers of persons affected by ulcers of the limbs applied to the
Charité hospital, where more than 20% of those admitted around 1850 were suffering from ulcers
of the lower limbs.
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In those years, the often criticised poor skill of healthcare workers together with superstition (the
ulcer was regarded as a sort of common cloaca through which the negative humours were removed)
caused a disproportionate increase in the carriers of this disease as well as of hospital crowding. At
the same time, severe criticism was directed even at the university because of poor medical education in this important area of human pathology.
Finally, outpatient treatment with bandages that could be removed and applied by the patient
himself was introduced by Martin of Boston (1870), who suggested a rubber bandage, an example
of a highly extensile bandage, in direct contact with the skin and covered by a second bandage. Victor von Bruns criticised the use of rubber for strong compression and the risk of skin maceration,
while his son Paul, a surgeon in Tübingen, described it as “the best method set up until now”.
Paul Unna, a dermatologist in Hamburg (1885), marked another historic point with his rigid
zinc oxide bandage (Unna’s paste boot), like the “Klebrobinde” from Teufel of Stuttgart at the end
of the 19th century, the first industrial example of adhesive bandages. In 1929 in association with
Beiersdorf, N. Brann produced “Novoplast” bandages, with adhesive on both sides. Numerous
other types of bandages were manufactured between the end of the 1880s and the early 1900s.
Heinrich Fischer (1910), based on Unna’s observations, was the first to show the fundamental ideas of graduated decreasing pressure and the dual concept of compression and mobilisation in the
treatment of venous thrombosis.
Prophylaxis of venous thromboembolism was recommended as early as 1900 by Hagapoff at
the international medical conference in Paris, while Kappis practised it systematically from 1923 in
Würzburg University surgical clinic with excellent results.
Post-sclerotherapy compression appeared late because there was a common conviction that sclerosis should be followed by rest due to the risk of embolism and so there was a “fear of bandaging”.
Paul Linser (1871-1963) introduced sclerotherapy in Germany, employing outpatient treatment,
unlike his pupil Karl Linser (1895-1976) who admitted all patients who were undermedicallsing
sclerotherapy. Another great supporter of outpatient treatment was Gabor Nobl (1864-1938) at the
Vienna polyclinic:
“systematic use of elastic compression is the best treatment for varicose nodules and ulcers”.
Compression therapy with bandages in surgical treatment came later, long after the use of this
therapy for leg ulcers and essentially after the discovery and advent of surgical anaesthesia (William
Morton, dentist in Boston, gave the first real demonstration of surgical anaesthesia with nitrous
oxide at Massachusetts General Hospital in 1846).
Karl Sigg (1912-1986), a supporter of compression therapy in sclerotherapy with his famous
method, together with the Dutch Van der Molen (Van der Molen’s “tuyautage” [piping]) and the
French Robert Stemmer then established the scientific basis of compression therapy. Karl Sigg was
also the inventor of the graduated compression elastic stocking produced by the Ganzoni Sigvaris®
company from 1958-1960.
The elastic bandage appeared in very remote periods, certainly long before the elastic stocking,
and was used for the most varied reasons (ritual, ornamental and protective) especially because of its
haemostatic effect (“Morelli’s haemostatic laces”, 1674) and for the treatment of aneurysms (Moro,
1760 and Guattani, 1772). The Startin bandage for treating varices (1851) is the precursor of Van
der Molen’s “tuyautage”, together with a more recent one by Helferich (1937), who described a
method with rubber laces for the treatment of oedema of the lower limbs in which rubber laces were
positioned on the leg at regular intervals.
Examples of this, today known as “eccentric positive compression”, were used in numerous
schools beyond the Alps; thus, one type of garter, to which a compression patch of various materials
was attached, was the “Hoeftmann compression ball”, or Wolfram’s rigid plates for compressing the
femoral artery and thus reducing venous stasis.
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History always conceals something that is then presented in a new guise today; for instance,
the first devices that were precursors of modern sequential pressure therapy were invented by Hofmeister, who in 1902 presented his metal cylinder filled with mercury for the treatment of oedema
of the upper limb; Hurtel in 1917 created the first pneumatic chamber and Hammesfahr in 1929
the first intermittent pneumatic chamber.
But when did elastic stockings appear?
A precursor of elastic stockings were gaiters (a sort of stockings without feet and with anterior
or lateral laces), already described by Fabrizio of Acquapendente (1537-1619) and used for various
reasons. They were made of dog skin, string, rubber etc., but they were rapidly abandoned because
they produced oedema of the foot and ankle. Between the end of the 18th and the start of the 19th
centuries, they were replaced by true stockings (elastic leggings), which also included the foot.
Murphy created an elastic “leg corset”, Heermann a made-to-measure shoe which continued
into a gaiter, and Stephan described a patented gaiter for varicose veins. The first true elastic stockings (which replaced unsuccessful attempts in natural or India rubber, which were difficult to put
on and poorly tolerated) appeared in the 19th century, after the discovery of rubber vulcanisation
by Charles Goodyear in 1839. In 1846, only seven years after Goodyear vulcanisation, Brockedon
W and Thomas Hancock in England registered the first patent for fine and quadrangular rubber
thread, which rapidly conquered the textile industry. The elastic stocking was born on the 26th of
October 1848 when William Brown of Middlesex registered patent no. 12294 concerning the elastic stocking in India rubber manufactured on hand looms. Shortly afterwards, in 1851, Jonathan
Sparks introduced threads made of silk and cotton (patent no. 13787, 1851). In 1861, thanks to
William Saville we have the first example of surgical elastic stockings manufactured on hand looms
and also to measure. Almost at the same time, the Ganzoni elastic materials factory was founded in
Winterthur in Switzerland in 1864 (today Ganzoni Sigvaris®), which then became the world leader
in the production of medical elastic stockings.
In 1866 criticism of elastic stockings also began, little different from that of today: Billroth complained of the excessively high costs of rubber stockings and also of the fact that they were difficult
to wash.
Industrialisation thus commenced (especially in Middlesex and Nottingham and later in Louvain in Belgium thanks to Anne Catherine Laury) and compression therapy reached its peak with
the founding by the engineer Julius Römpler of the first factory manufacturing rubber elastic bandages in Germany in 1861. In 1871 Römpler introduced elastic weaving, moving the factory to
Zeulenroda (a small town in Thuringia where there was great availability of labour). In 1930 the
little town of Zeulenroda had about 30 industries, thus rapidly becoming established as the world
centre for stockings for varicose veins. However, rubber elastic stockings continued to be poorly
regarded by doctors and patients because they were thick and poorly transpiring, so that in 1907
N. Brann (of the Novoplast bandages) wrote “...the elastic stockings are badly constructed and have
failed in their aim …”.
But matters improved, first with the “Viktoria” company and its “smooth knit“, then in 1904
when Oskar Huppelsberg produced the first seamless stockings known as “Ohrs-Ohrsana”, and
finally in 1920 when a new very fine rubber thread with a round cross section was produced, which
was used to manufacture double-elastic, circular knit and seamless stockings (“lastic flor” stockings
with a patent held by Römpler J, subsequently produced at Apoda due to Böttgen W).
Elastic stockings with fibres other than rubber appeared for the first time in 1917 and towards
the end of the 1920s they were produced by the Thalysia company, while modern elastic stockings
with synthetic elastomers appeared in the second half of the twentieth century.
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The birth of modern textile fibres
The American “Viscose Company” created the name Rayon® in 1924 to replace “artificial silk”,
which had aroused such anger among producers of natural silk. This name was comfortable because
it was easy to use, sounded nice and recalled the brightness of the fabric. With time, new textile
fibres were produced, derived from water, carbon and hydrocarbons, which can today be grouped
into two main categories: cellulose or natural fibres (animal, vegetable or mineral) and chemical
fibres (artificial or synthetic).
Animal: silk, wool, etc.
Natural fibres

Vegetable: cotton, linen, hemp,
coconut, bamboo etc.
Mineral: asbestos wool

Chemical fibres

Artificial: viscose, cellulose
acetate, cupro, etc.
Synthetic: acrylic, polyester,
polypropylene (nylon, spandex,
etc.), glass, etc.

The synthetic polymers (containing at least 85% polyurethanes by mass) appeared on the market
in both monofilament and multifilament form (Lycra®, now a registered trademark of Invista, or
Dorlastan® from Bayer, etc.); in general, the latter are used in stockings and the former in bandages
(DuPont patented Lycra® in 1959 and Nylon® or polyamide in 1938). These extremely fine and
light threads (1500-3000 times finer than a hair; 1 g = 10 metres of yarn) are always used in various
combinations with other fibres such as cotton, nylon and silk and have gradually provided us with
ever finer elastic hose with greater wearability.
1938 was the year of the first revolution in stocking production because Nylon® was invented and patented (1935) by Wallace H Carothers at the factory founded by the French chemist
Eleuthère Irènèe DuPont of Nemours, who had emigrated to the state of Delaware in the USA. In
those years, the advertising described it as “…the first synthetic fibre as tough as steel and as delicate
as a cobweb…”. In 1939 sales began in a few shops in Wilmington (the headquarters of DuPont
of Nemours) and from there they extended throughout America and the world. DuPont presented
the Nylon® stocking in 1939 at the international exhibition in Boston and in 1940 64 million pairs
of Nylon® stockings were sold. While this was happening, the chemist Otto Bayer (1902-1982) in
Europe started his studies of polyurethane and in 1939 Paul Schlack obtained the first elastic polymer capable of sustaining great stretching.
The second revolution arrived in the 1960s, again under the DuPont name, first with the patenting (1959) and then with the marketing of Lycra®, which would become the fibre of the 20th
century.
In 1951, Brenschede W obtained the fibre known as “Vulkollan” and from 1962-64 production
(Bayer-Germany and USA) of “compression stockings” began, under the trademark Dorlastan®
which was patented by Bayer. Between the end of the 1970s and the start of the 1980s, Lycra® (the
elastomer synthetic fibres were called Elastam or Spandex in the USA and Canada) became the new
and indisputable leader in the stocking industry. The modern chemical textile industry in little over
50 years has made such giant steps that in 1990 it has produced 20 million tons of chemical fibres
globally, much more than wool, cotton, linen and silk. Numerous other fibres have followed in the
last few decades, employed not only in the textile industry but also in other sectors.
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LACTRON: this is a biodegradable synthetic fibre based on polylactic acid and obtained ecologically from maize by fermentation of its amide. It is thus a synthetic fibre of an ecological,
biodegradable nature, not derived from petroleum but from a plant and completely degradable to
carbonic anhydride and water. It has physical properties almost identical to those of nylon and polyester. It is used by Kanebo® for diverse uses such as civil engineering, the paper industry, sutures,
gauze, clothing (corn fibre).
CALAFINE QD: this is a polyester, which has the advantage of being able to be dyed at atmospheric pressure and not under pressure like other types of polyester. Toyobo® produces Calafine
QD® (Quick Dry) which also has the merit of great ease of maintenance (wash and wear).
NOMEX: a vast range of “engineering fibres” developed by DuPont, particularly resistant to
heat and much used in electrical insulation. In the form of fabrics particularly resistant to wear and
tearing, used in fire-fighters’ clothing. “Delta K” NOMEX contains KEVLAR fibres, a filtering
agent for atmospheric pollution.

Fig. 1 - Classical polyester fibre.

Fig. 2 - PTT fibre.
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DYNEEMA: this is a flexible and particularly tough polyethylene because of its special physical
and mechani cal characteristics, much used in industry (naval, electrical insulation, bullet-proof
jackets, skis, canoes, sails, etc.).
Corterra fibres or PTT (polycondensation of PTA or purified terephthalic acid) (Fig. 2): this is
a special polyester obtained by chemical (Shell) or biochemical (DuPont) polycondensation. It is
a fibre with characteristics better than those of nylon and polyester, capable of undermedical-lsing
great deformation and returning readily to its original form; it dries rapidly and is used in clothing,
the automobile sector, furnishings, etc.
About 10% of the current stocking market consists of elastic stockings, with support and therapeutic stockings each accounting for about 5%, and non-elastic (fashion) stockings accounting for
the other 90%.
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Compression therapy: actions and methods

It is not easy to give an exact definition of compression therapy, but it can be understood as: pressure
exerted on a limb by materials of varying elasticity in order to prevent and treat disease of the venolymphatic system (Diagnostic and therapeutic guidelines for diseases of the veins and lymphatics of the Italian College of Phlebology CIF, revisions 2003-2004).
The terms containment and compression are often used incorrectly as synonyms but in reality they
indicate different concepts:
- Containment: passive action (static) of a rigid compression system (nonelastic or with hardly any
elasticity), which is more or less inextensible and opposes systolic muscle dilatation, developing
a raised working pressure (reinforcement effect on the venous pump); the leg is contained at rest
but not compressed.
- Compression: active action exercised at rest on a limb by the more or less elastic characteristics of
the system with the development of high resting pressures; the leg is compressed even at rest.
Actions
The mechanisms of action and the clinical consequences of compression therapy in phlebolymphology have been described in a large number of scientific studies and can be summarised in brief as:
-

action on the superficial and deep venous system;
action on the blood volume;
action on the tissues;
action on the microvascular tissue compartment;
action on the venous thrombus.

Compression exerted on the lower limbs causes a reduction in the calibre of the veins, consequent better coaptation of healthy valve cusps and a reduction of pathological reflux (incompetent
perforators) of up to 30-40% (Fischer H. 1976; Stemmer R. et al. 1976; Emter M. et al. 1991,
Sarin S. et al. 1992, Mariani F. et al. 1991). Compression both by bandages and by elastic stockings reduces in a very obvious way the cross section of the calf muscle veins; on the other hand,
the reduction in the calibre of the popliteal vein is variable, as is that of the common femoral vein,
whereas the volume of the superficial varicose veins always appears reduced.
Many authors, using radionuclides, have also shown an increase in lymphatic drainage in the
course of compression therapy.
The bandage reduces the blood volume of the lower limb by about 45% in lying position and
62% in the standing position, with a significant increase in right ventricular filling. The local blood
pool measured by Partsch H et al. with labelled red blood cells diminishes by 30% after application
of a compression bandage of about 40 mmHg to the entire lower limb.
During walking, these effects, added to the reinforced squeezing of the venous pump (foot and
calf ) cause an increase in the rate of venous (up to 5-fold) and lymphatic flow with a reduction in
backflow and therefore of stasis (Partsch H 1979). Some studies also demonstrate that to obtain
optimal efficacy of compression therapy it must be combined with mobilisation and normal plantar
support (Brizzio EO et al. 1994).
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Radioisotope studies have shown that the external pressure exerted by the bandage increases tissue pressure, promoting the reabsorption of fluids back into the veins in accordance with Starling’s
law, thus producing a reduction of oedema, together with the mechanisms referred to above.
Curri SB et al. (1989) have demonstrated that compression therapy with an elastic stocking
produces a reduction of venocapillary ectasia, interstitial oedema and reactive thickening of the
arteriolar basal membrane in patients affected by Widmer stage II venous insufficiency. Allegra C
et al. (1995) in a microlymphographic study have shown a reduction in endolymphatic and tissue
pressure after 4 weeks of treatment with a bandage worn constantly. Compression promotes detachment of leucocytes from the endothelium and prevents them from adhering further (Abu-Own A et
al. 1994). Capillary filtration is also reduced and reabsorption is promoted due to the greater tissue
pressure. The therapeutic elastic stocking is also able to reduce oxidative stress in healthy subjects
obliged to stand for prolonged periods at work (Flore R et al. 2007).
The results of all the studies conducted show unanimously that compression causes a reduction
of venous capacity, which will automatically diminish venous output and speed up venous return
with an increase in the flow rate, which must be regarded as the main cause of the effects of compression therapy in the prophylaxis of VTE.
The compression bandage increases the adhesion of any thrombus to the vein wall provided this
does not extend beyond the upper border of the bandage (Fischer H, Bassi G, Stemmer R); recent
studies by Partsch H et al. (1997, 2000, 2004), Gerlach HE and Blättler W (2002, 2003) show that
in patients with DVT (provided they are able to walk) there is a lower incidence of embolic episodes
if they are treated with bandaging, heparin and mobilisation compared to heparin therapy alone.
Compression therapy has an effective action on various coagulation factors: a few studies suggest
a reinforcement of fibrinolysis of the vein wall with the use of pneumatic compression (Altenkamper
H 1983; Comerota AJ et al. 1997) and also with an elastic bandage. Pneumatic compression also
produces an increase in capillary perfusion and tissue oxygenation, with an increase in the release of
nitric oxide. The treatment acts also by reducing blood viscosity, with suppression of procoagulant
activity, but the effect of this in the prophylaxis of DVT appears to lead back to the increase in the
venous flow rate demonstrated by many authors. Besides the reinforcement of venous emptying by
means of the containment action on the muscle mass during walking and exercise, with muscle volume increasing during the contraction phase, it must today be regarded as one of the most effective
mechanisms, just as the dual concept of compression and mobilisation is regarded as indispensable
for obtaining significant effects from the clinical aspect (Bassi G and Stemmer R 1983).
Recently (International Angiology 2008) a group of experts (ICC-International Compression
Club) review published literature concerning the use of compression treatments in the management of venous and lymphatic diseases and establish where reliable evidence exists to justify the
use of medical compression and where further research is required to address areas of uncertainty.
The authors searched medical literature databases and reviewed their own collections of papers,
monographs and books for papers providing information about the effects of compression and
randomized clinical trials of compression devices. Papers were classified in accordance with the recommendations of the GRADE group (Guyatt G et al., CHEST 2006) to categorize their scientific
reliability. Further classification was made according to the particular clinical problem that was
addressed in the papers. The review included papers on compression stockings, bandages and intermittent pneumatic compression devices (Table 1). Low levels of compression 10-30 mmHg applied
by stockings are effective in the management of telangiectases after sclerotherapy, varicose veins in
pregnancy, the prevention of edema and deep vein thrombosis (DVT). High levels of compression
produced by bandaging and strong compression stockings (30-40 mmHg) are effective at healing
leg ulcers and preventing progression of post-thrombotic syndrome as well as in the management
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of lymphedema. In some areas no reliable evidence was available to permit recommendations of
level of compression or duration of treatment. These included: management of varicose veins to
prevent progression, following surgical treatment or sclerotherapy for varicose veins, and the level of
compression required to treat acute DVT. This review shows that whilst good evidence for the use
of compression is available in some clinical indications, there is much still to be discovered.
INDICATIONS
VCI
C0s
C1s
C1 after sclero
C2 a,s
C2s pregnancy
C3 pregnancy
C3 therapy
C4b
C5
C6
After procedures
VTE
Prevention
Therapy
SPT
Prevention
Therapy
LYMPHEDEMA
Therapy

10-20 mmHg

MCS
20-30 mmHg

30-40 mmHg

Bandage

CP

?
1B
1A
1A
1B

?

?

1A
1B

2B

1B

1B

1B
1B

1B
1B
?

1B
2B
1B
2B
?
1B
2B

1A

1A

1A
2B
?

?

?

1B
1B

1B

Table I - Evidence Based Medicine and Compression Therapy. Modified from: Partsch H., Flour M., Coleridge
Smith P., Benigni J.P., Cornu-Thénard A., Delis K., Gniadecka M., Mariani F., Mosti G., Neumann
H.A.M., Rabe E., Schuren J., Uhl J.F. Indications for compression therapy in venous and lymphatic disease.
Consensus based on experimental data and scientific evidence. Under the auspice of the IUP. Int. Angiol.
2008;27,3,193-219.
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The bandage

The most important properties of bandages and elastic supports are represented by their elasticity
and extensibility or stretch. Elasticity defines the ability of the material to return to its original
length when the stretching force ceases. The force required to obtain specific stretching indicates
the power: this parameter is a determinant in defining the pressure exerted by the bandage at a
fixed extension.
Inextensible or short-stretch (<70%) bandages produce high “working pressures” during ambulation because of the containment effect on the contraction of the muscles of the leg, whereas
the “resting pressure” is reduced compared with the working pressure. In contrast, elastic bandages
classified as medium- (between 70 and 140%) or long-stretch (>140%) compared with their initial dimensions are characterised by the fact that there is a gap between the resting and working
pressures that they exert which is inversely proportional to their elasticity. They therefore maintain
continuous pressure on the superficial venous system, relatively independent of muscle activity, as
do stockings made of long-stretch elastic fibres. Depending on their extensibility, they thus have
different actions during the static phase and movement, bearing in mind that compression therapy
must be combined with mobilisation of the patient to achieve maximum efficacy:
- inextensible short-stretch bandages (<70%), like Unna’s zinc oxide boot or medicated adhesive
bandages, produce high working pressures and lower pressures at rest, which can be maintained
constantly over 24 hours; they reinforce the action of the calf muscle pump, have a greater action
on the deep venous system and are tolerated at rest;
- bandages that stretch over 70% and elastic stockings instead produce lower working pressures
and usually have to be removed at bedtime because they are not well tolerated.
The pressure exerted by a bandage depends essentially on the tension T at which it is applied, the
number of layers n and the radius of the limb R. The relation between these quantities is expressed
by Laplace’s law P = Tn/R, which is modified to P = Tnt/Rw, where t is the thickness of the material employed and w is the width of the bandage and the technique employed: the figure of eight
bandage remains in place longer without changing and compresses about 30-40% more compared
with regular turns; the spontaneously unrolled bandage compresses mainly the calf and is therefore
indicated for venous disorders in the posterior part of the leg; the figure of eight bandage fixed at the
ankle compresses mainly the medial inside regions of the leg and is therefore indicated for venous
disorders in that region, such as ulcers and hypodermitis (Partsch H, Rabe E, Stemmer R 2000,
Mariani F 2005).
The use of so-called eccentric compression with cotton or rubber pads is based on the physical principle that every change in the radius of the compressed surface produces a change in the
pressure exerted that is inversely proportional to the radius. Its practical usefulness is therefore the
possibility of varying the pressure according to the regions to be compressed, for example, greater
pressures are usually required in the region of the venous ulcer where the effects of venous reflux are
greater, or the creation of a radius that can be compressed is required where the surface is flat (for
example areas of indurated hypodermitis) or even concave (retromalleolar fossae).
This technique is also found useful in levelling the radii that are to be compressed or protected
(such as the tibial crest, the Achilles tendon etc.) in all legs that have an irregular circumference. The
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pressure exerted beneath the pad, when non-elastic bandages are used, has special characteristics:
the resting pressures come very close to the working pressures so that a local compression effect is
obtained similar to that of elastic bandages.
An interesting innovation in the bandage area is represented by the multilayer system kits (four
layer bandages, Profore® Smith & Nephew - Rosidal sys® Lohmann & Rauscher, or bi layer bandage Coban 2® 3M) which consist of application of four or two superimposed bandages of different
elasticity; the systems allow a high pressure (between 40 and 60 mmHg) to be maintained for more
days with optimal tolerability at rest and is indicated especially in the reduction of “difficult” oedema, such as indurated and lymphatic oedema, and in the treatment of venous ulcers. The elastic
material provides constant pressure and the non-elastic material provides high working pressures
during walking.
The practical problems of bandage application and therefore of their efficacy are substantially
represented by the skill of the healthcare professional and the choice of suitable material. Manufacturers have sought to solve some of these problems by providing visual guides to the bandage (lines,
circles, rectangles), which are modified according to the tension exerted and which should therefore
help the healthcare professional to apply appropriate and uniform pressures to the limb.
The development of manufacturing technologies may help to reduce the variability in inter- and
intra-bandage tension; one of the most promising possibilities is fabrication of a vari-stretch elastomer (Proguide®, Smith & Nephew) which is able to exert relatively constant pressure independent
of limited variations in extension.
Characteristics of bandages
The art of bandage requires a more or less prolonged apprenticeship and trained staff, the bandage is closely dependent by the operators. Another aspect to consider is the more or less limited
duration of containment/compression therapy carried out with bandaging, because the bandage
loses about 40% of its original pressure after 120 min (Damstra RJ 2008). The principal reasons of
this loose of pressure are: the volume reduction of the bandaged limb and the deterioration of the
bandaging components (Benigni JP et al. 2007).
Elasticity and hysteresis. Elasticity is the property of a material to recover its original size and/
or shape after the removal of a deforming force. In order to evaluate this property, it is subjected
to a series of cycles of traction (application of the deforming force) and retraction (cancellation
of the deforming force) with the aid of a dynamometer which records a load diagram of force/
stretching and the graph of these stresses over time. This is expressed as the percentage change
between the sample at the start and the sample after it has undermedical-lsne the hysteresis cycle.
In general the hysteresis cyclef (Fig. 3) defines the visco-elastic properties of a material. The term extensibility is used as a synonym of elasticity: the meanings are completely different. Thus, extensibility indicates the degree of stretching of a bandage under the action of a certain tractional force,
whereas elasticity is the capacity of that particular bandage to resume its original dimensions
after the tractional force has ceased. Another parameter that characterises compression materials
is their stiffness (or slope), defined as the increase in pressure per increase of one centimetre in the
circumference of the lower limb, expressed in hectopascals or mmHg (CEN - European Committee
for Standardisation).
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Fig. 3 - Hysteresis (short-stretch band).

The working pressures are intermittent elevated pressures that coincide with muscle contractions,
while the resting pressures are usually lower. Based on these concepts, bandages used for bandaging a limb are classified as rigid or non-elastic (extremely low modulus of elasticity) or elastic:
short-stretch (<70% of the original length), medium-stretch (70-140%) and long-stretch (>140%)
according to the type of elastomer utilised; the elastic stocking is an example of long stretch cal
regions such as the dorsum of the foot. It is certainly easier to bandage a limb with a medium- or
long-stretch bandage (which will be poorly tolerated at rest by the patient) than with a rigid bandage (which is most tolerated by the patient).
The inextensible bandage is used today basically in ulcer disease, lipodermatosclerosis, erysipeloid dermatitis with or without lymphangitis, severe oedematogenic conditions and the acute phase
of DVT of the lower limb prior to an elastic stocking.
Poorly extensible or short-stretch bandages (extensibility ≤70% of the initial length)
These are pure containment bandages where the action is exerted especially during muscle contraction during ambulation and not during muscle relaxation; they are bandages that produce a
working pressure greater than the resting pressure and are well tolerated at rest. They exert effective
pressure on deep regions and are able rapidly to reduce oedematogenic conditions of various origin.
Although this type of bandage is included among the short-stretch bandages (bandages with elasticity ≤70%) it is clear that in the strict sense of the term, a bandage with a very low Young’s modulus
of elasticity (close to zero) is rigid or inextensible so that a distinction should be made clinically
between non-elastic or so-called rigid bandages (≤30%) and short-stretch ones (>30%≤70%).
An example of a rigid or inextensible bandage still frequently utilised today is the zinc oxide
bandage conceived by the dermatologist Paul Gerson Unna in 1885; there are also elastic versions
of this today.
Other types of inextensible bandages are usually made of cotton (or more rarely of linen, flannel
etc.) with a variable polyamide percentage between 20-40%, for instance Ideal bandages (Lohmann
& Rauscher), still used today in our operating theatres.
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Some authors (Marmasse G) consider that the optimal percentage elasticity of short-stretch
bandages is 30-40%, which is the optimal level for obtaining increased working pressure on the one
hand and will also act on deep regions, and on the other hand, does not at the same time involve
the disadvantages of a completely rigid bandage, such as the marked difficulty of application and
of keeping it in place over time.
The fundamental problem of bandaging with this type of bandage is its execution and therefore
its stability especially during ambulation; in fact, this bandaging is difficult in practice because it
readily produces regions of greater and less compression with a loss of the uniformity and reduction
of the pressure, or the bandage slips down-wards or shifts, creating oedematous areas in a few criti-Medium- and long-stretch bandages
A distinction is classically made between one-way or two-way stretch bandages according to the
direction of stretch (length or length + width) and between:
- medium-stretch bandages (>70 ≤140 % of the initial length);
- long-stretch bandages (>140% of the initial length).
They are made with natural or synthetic elastic threads of various types such as caoutchouc or
natural rubber, polyamide (Nylon®) and elastane (Lycra®) in combination with materials such as
cotton.
Natural rubber: in nature, rubber is present as a colloidal suspension in the latex obtained from
some plants (Hevea brasiliensis or rubber tree, originally from Amazonia but cultivated today in
Malaysia, Indonesia, Sri Lanka etc.) and raw rubber is extracted from the latex of these plants.
The vast majority of rubbers today are petroleum derivatives (synthetic rubbers), whereas natural
rubbers were used predominantly up to the middle of the 20th century. According to international
agreements (Geneva Agreement of 20 March 1987) natural rubber is today defined as a non-vulcanised elastomer in liquid or solid form derived from Hevea brasiliensis or from other similar
plants (Tarassaco russo, Parthenium argentatum etc.).
The physical and chemical properties of interest to us are the thermal dependency of the mechanical elastic characteristics (thermal instability) in that products made of natural rubber become
fragile and rigid in winter (between 0-10°C) and often become sticky in summer (elastic and supple
above 20°C). The rubber is not affected by weak acids and bases, and it dissolves in petroleum, benzene and carbon disulphide; it is insoluble in water and is oxidised slowly by atmospheric oxygen.
Polyamide or Nylon®: these are thermoplastic polymers, and those used most often in the textile
industry are polyamides 6 and 6.6 (PA 6 and PA 6.6) even if the market today offers a wide choice
up to Grilamid, an extremely stable and tough polyamide 12 (of which there are different versions)
with a density similar to that of water, which is used in various sectors including the area of sports.
The main characteristics of this polymer are its high resistance to traction, to solvents and to
basic products, while their main limitation is their marked sensitivity to moisture and UV rays. A
particular polyamide used in the elastic stocking industry is microfibre.
Elastam, Elastane, Spandex (commercial names Lycra® Invista or Dorlastan® Bayer): these are
synthetic polymers containing at least 85% polyurethane by mass; they are on the market in both
monofilament and multifilament form, with the latter employed usually in the stocking sector
while the former are used in bandages.
Lycra® can be imagined as a segmented polymer structure in which elastic segments are linked to
rigid segments which keep distension in check, thus avoiding breakage. These elastic threads can be
stretched 7-fold and then return to their original size; in the 1960s, this represented the second revolution in the elastic textile industry (elastic stockings with high wearability) after that of Nylon® in
the 1930s, both produced by Du Pont (Du Pont patented Lycra® in 1959 and Nylon® or polyamide
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in 1938. These extremely fine and light threads (1500-3000 times finer than a hair; 1 g = 10 metres
of thread) are always used in various combinations with other fibres such as cotton, nylon and silk
and have provided us with very sheer elastic stockings of great wearability.
Elastic bandages sometimes contain a certain amount of viscose (Rayon® Viscose), derived from
cellulose, together with cotton and various types of elastic polymers.
As noted above, elastic bandages are classified as short-, medium- and long-stretch. This classification of elastic bandages by the French school is probably the most widespread worldwide. However, in this connection a few considerations and precise definitions are needed:
- the tension with which elastic bandaging is carried out indicates the force dissipated on stretching the bandage when it is wrapped around a limb;
- the pressure exerted by the elastic bandage on the tissues depends on the structural characteristics of the bandage (Young’s modulus, hysteresis), the tension to which the bandage is subjected,
the number of layers applied and the curvature of the limb (which differs in the various regions
of the leg);
- the ability of the bandage to maintain a certain tension over time and, secondly, the pressure on
the tissues depend on its elastic properties (type of elastomer used in manufacture of the bandage);
- the ability of an elastic bandage to stretch under traction is defined as extensibility, whereas the
ability of a bandage to return to the original length on cessation of stretching is defined as elasticity;
- locking represents the bandage’s point of maximum stretch;
- the locking point should be at 70% of extension for
short-stretch bandages, while this locking point should exceed 140% of the original length in the case of long-stretch bandages. For
bandages belonging to the same categories, for instance short-stretch, but containing different
elastomers, this locking can occur with the use of different forces (different hysteresis curves).
In other words, if the force used to produce that particular extension, that is, the power = work
over time, is not expressed, the definitions short-, medium- or long-stretch lose their significance
because they only express the physical characteristics of the material employed. The concept of
power is the basis of that of tension, since the latter is a parameter that is directly correlated with
the force employed to produce that particular stretch;
- the pressure exerted with a particular material and potency in application also depends on the
bandaging technique and the overlapping of the turns: figure of eight bandaging, for instance,
provides more compression than bandaging with regular turns; the pressure also depends on
the structure of the bandage, stretch being equal: bandages with different fabric structures exert
different pressures, and heavier bandages with the same maximum stretch compress more than
others under the same application conditions. For example, the Dauerbinde® K bandage from
Lohmann & Rauscher (stretch 180%), which is heavier, compresses more than the F (stretch
180%), which is light.
The industry is examining new elastomers closely (vari-stretch) that are able to produce constant
pressures so that variations within certain ranges of bandage extension can be eliminated so as to
reduce intra-bandaging (same operator) and inter-bandaging (different operators) variability.
Adhesive and cohesive bandages
These are usually short- to medium-stretch bandages which are able to stick to the skin and to
themselves (adhesive bandages) or only to themselves (cohesive bandages) by means of acrylic adhesive or zinc oxide glue. Cohesive bandages are manufactured by atomisation of the surface of both
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sides of the bandage with latex or acrylic microspheres diluted in water, which evaporates on heating to 50°C in suitable furnaces. The latex suspension is fixed and covers the entire surface of the
bandage and is able to adhere only to itself. The acrylic or zinc oxide glues are highly hypoallergenic
and these bandages can be used relatively readily in direct contact with the skin. In this connection,
the following precise definitions are required:
- adhesive bandages can be manufactured with the presence of elastomers (natural rubber etc.) or
be made completely of cotton with a defined elastic weave (or the elasticity is not associated with
elastomers but with the particular weft of the weave);
- a few bandages with zinc glue are made of cotton and Rayon® and have soft and tough edges so
as to reduce the lacing effect at difficult points;
- some adhesive elastic bandages are made of pure cotton without elastomers and with a particular weft, producing elasticity in the bandage which is defined as “variable memory”. These
bandages, which often require shaving when they are placed in contact with the skin, have the
adhesive arranged in strips with a protective film which is removed when they are used. If they
are stretch to up to 50% of their length (submaximal tension), they behave like normal elastic
bandages and can regain their original length but if this exceeds 50% they lose their elastic capacity (maximum tension) and are transformed into rigid bandages. These bandages are used
mainly in orthopaedics, sports medicine and physiotherapy;
- adhesive elastic bandages, like elastic bandages, can be one-way stretch (stretch in the longitudinal direction) or two-way stretch (stretching in both longitudinal and transverse directions);
- cohesive bandages are a further example of short- and medium-stretch bandages and are described as strong, medium, light or soft to indicate their compressive power;
- in general it is preferable to use a skin protector (polyurethane foam film with high porosity)
beneath the adhesive bandage even if this technique may reduce the stability of the bandage (slipping). The use of elastic tubing beneath the bandage produces greater stability of the bandage itself
with the addition of the pressure exerted by the tubing, which is about 10 mmHg at the ankle.
The types of bandaging with adhesive and cohesive bandages provide permanent bandages (fixed
bandages that the patient must not remove) which are more stable over time and provide medium
to high pressures on the tissues. This type of bandage is indicated when a fixed bandage has to be
applied, which the patient must not remove for a long period and must leave on both day and night
(venous ulcers, oedema, post-operative or post-sclerotherapy etc.).
Working and resting pressure of bandages
Working pressures (muscle contraction) and resting pressures (muscle relaxation or rest) have
been mentioned several times with reference to bandage type. It was explained above that the
non-elastic or rigid type of bandage in the strict sense is the zinc oxide bandage in its non-elastic
form or the Ideal type of bandage, and that a rigid bandage in general must have a Young’s modulus of elasticity close to zero, whereas we can have different types of elastic bandages depending on
the elastomer employed. Non-elastic (rigid) bandages create peak pressures, and conversely, elastic
bandages, especially long-stretch ones, absorb the volumetric changes of muscle contraction in the
limb and do not demonstrate peak pressure variations but more constant pressures with minimal
pressure changes during walking. The more a bandage, when applied, is able to give peak pressures
(working pressures), the more the action is transmitted deeply (deep venous system).
To further simplify this concept, we can say that passing gradually from the rigid bandage to the
elastic stocking the net difference between the resting and working pressures is reduced more and
more in favour of lower but more constant pressures.
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Within certain limits, we can transform a long-stretch into a medium-stretch bandage and a medium- to a short-stretch bandage by doubling the number of turns of the bandage; the overlapping
of the turns causes not only an increase in the pressure exerted but also a shift of the system towards
rigidity (Von Gregory’s force-stretch diagrams). This stratagem allows a greater variety of bandaging
with fewer types of bandages.
Finally, a sort of general rule can be formulated “the more severe the venous disease, the more the
bandaging must be short-stretch or completely non-elastic in combination with movement, and in
this way the best result will be obtained in correcting stasis”.
Classification of elastic compression bandages
There are national standards that classify bandages; the most important ones are German and
English (Table II).
The German standard (RAL-GZ 387) classifies band-aging materials into:
- material for protection, absorption and fixation (orthopaedic wool, light cohesive bandages,
foam) and material for eccentric compression;
- non-elastic bandages (rigid zinc oxide bandages, Circ-Aid®);
- short-stretch bandages (40-70%);
- medium-stretch bandages (70-140%);
- long-stretch bandages (>140%).
Instead, the English standard (BS 7505:1995) divides bandages into:
- fixation bandages (orthopaedic wool, foam, light cohesive bandages);
-- short stretch bandages (zinc oxide bandages, short-stretch elastic bandages);
-- long stretch bandages (long-stretch elastic bandages (3A - 3B - 3C - 3D).
As regards the long-stretch elastic bandages, the German and English standards divide the bandages into four classes of different elastic strength and therefore different resting pressure. This pressure
is calculated at a known ankle circumference (23 cm) with the bandaging overlapping 50%; it should
be noted that the pressures relating to the different classes differ considerably in the two classifications.
RAL-GZ 387
Germany
standard pressure
mmHg
Class 1
18,4-21,2
Class 2
25,1-32,1
Class 3
36,4-46,5
Class 4
>59

BS 7505
England
standard pressure
mmHg
3A
up to 20
3B
21-30
3C
31-40
3D
41-60

Table II – Classifications of bandages.

Moreover, these classifications, as mentioned above, consider the parameter of extensibility,
which has no clinical relevance if other more important characteristics are not described at the same
time; these are:
- Elasticity understood as the ability of the bandage to regain its original form after extension; this
is due to the addition of elastic threads in the longitudinal direction of the bandage; the force
employed to stretch the bandage (deformation energy) indicates the elastic power or tension.
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The ability of the bandage to maintain tension and therefore the pressure it exerts depends on its
elastomer properties (which depend in turn on the thread and the method used to construct the
fabric);
- Rigidity can be defined as the ability of the bandage to oppose muscle expansion when it contracts. It depends on the elastic recoil of the material used in its construction. The more compact
the weft (and with a lower presence of elastic fibres) the shorter the stretch of the bandage and
the more its rigidity increases. Today, as mentioned above, the rigidity of a bandage can be measured with simple, economical and reproducible methods and can be expressed with various indices, the most studied of which is the “static stiffness index” (SSI), which is the difference between
the pressure exerted in vivo by the bandage on the surface of the leg (point B1) standing and
lying, and if this pressure difference is greater than 10, the bandaging is of the rigid type (Partsch
H. 2005). Stiffness (CEN 1996-1998) signifies the increase in the pressure of the bandage (given
by the resistance offered by the bandage) with a 1 cm increase in the circumference of the limb;
- Extensibility is defined as the ability of the bandage to elongate when subjected to stretching;
this is measured by the lengthening of the bandage when a force of 10 N is applied per cm of
height and is expressed as a percentage of the length at rest. Once a given extension has been
reached, the physical structure of the bandage prevents further stretching; this condition is called
“locking”. According to Stemmer’s classification, short-stretch bandages should lock once a maximum of 70% of extension has been reached (preferably between 30 and 40%) while long-stretch
bandages should lock beyond 140%. However, extensibility cannot be translated into a clinical
indication if the degree of elasticity and rigidity of the bandage is not indicated at the same time.
In fact, there are bandages that can achieve similar extension when forces of very different intensity are applied.
We therefore regard it as more appropriate to employ the terms “elastic” and “non-elastic” to indicate bandages with a highly elastic component (medium- and long-stretch) and bandages with a
reduced elastic component (short- and medium-stretch). As can be observed in the medium-stretch
group of bandages (between 70% and 140%) we find bandages with a reduced elastic component
which should therefore be considered in the non-elastic group, and bandages with a strong elastic
component which to all intents and purposes can be placed in the elastic bandage categories.
The elastic bandage can therefore be classified as:
- elastic bandage constructed with predominantly elastic fibres in various combinations of weave,
which when extended exert pressure (at rest), which is proportional to its elastic power (force
utilised to extend it);
- non-elastic bandage constructed with predominantly non-elastic fibres in various combinations
of weave, which, by opposing muscle contraction during walking, cause an increase in (working)
pressure, which is proportional to its rigidity and indirectly proportional to its extensibility.
Because of the invariability of the physical qualities and because they are only partly subject to
Laplace’s law, a separate classification is warranted for the non-elastic inex-tensible bandage made
with materials (e.g. zinc oxide bandages), which do not extend when subjected to stretching (inextensibility) and do not have any tendency to regain their original shape after being subjected to
traction (non-elasticity). The differential between working pressure and resting pressure (which is
present especially if the bandage is pulled) is very high. The resting pressure can be weak or absent
in the case of application without traction or high if the bandage is applied exerting more or less
firm traction; in the former case, this type of bandage is optimally tolerated even in conditions of
supine rest.
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In view of what has been stated, the bandage can be classified in the following way:
- Fixation bandages (cotton, foam, crepe, etc.); -- Elastic bandages;
- Rigid and inextensible (Zn oxide - Circ Aid®). The elastic bandages in turn can be divided into:
- bandages with elastic fibres:
•• medium-stretch;
•• long-stretch
both with light/medium/strong/extra strong elasticity;
- bandages with a low elastic component:
•• medium-stretch;
•• short-stretch
classified on the basis of their stiffness (more or less high).
A new classification of the bandages is named P-LA-C-E (Pressure-Layers-Components-Elastic
Properties) and was proposed by a group of experts of the ICC (Partsch H et al. 2008).
The non-elastic bandage exerts greater resting and working pressures compared with elastic
bandages and a greater haemodynamic effect in terms of the reduction of venous reflux, venous
volume, venous calibre and venous hypertension.
In all of the venous diseases in the active phase, characterised by severe haemodynamic damage,
the non-elastic bandage should be preferred to the elastic bandage and applied in a manner that
develops high resting and working pressures; since this has a marked effect on the reduction of the
oedema, it is removed more often than recommended (1 week) in the initial treatment period, as
the pressure exerted falls dramatically with the reduction of the oedema. The elastic bandage or
elastic stocking is reserved for cases with mild haemodynamic damage or following remission of the
acute symptoms in order to maintain the results and prevent recurrence.
Bandaging techniques
Elastic compression bandaging can be carried out with different materials and different techniques, depending on the disease, particular needs and the shape of the limb or the site of the limb
to be bandaged. The basic physical characteristics that a bandage must have are graduation and
uniformity.
Elastic compression bandaging can be carried out using:
- non-elastic and short-stretch bandages;
- medium- and long-stretch bandages.
This is a fundamental distinction from the clinical aspect, as, depending on which group of
bandages is used, the bandage can be kept in place for several days (with bandages of the first group)
or the bandage has to be removed in the evening and replaced the following morning (bandages of
the second group) because they are not tolerated at rest.
As a general rule, the bandages of the first group are used in more elderly patients, in more severe
venous insufficiency complicated by trophic disorders, and in forms associated with obliterative
peripheral arterial disease (mild or moderate). In each case, these are bandages that are not easy to
handle and they can be used only by professionals with a degree of experience.
Conversely, the bandages of the second type are used for less severe venous disease, to reduce
oedema and for compression of the superficial venous circulation.
As regards application of the bandage, this can be done using different techniques, each with
different indications. The bandage should be unrolled keeping the hand close to the surface of the
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skin so as to avoid pulling it upwards or downwards and to avoid differences in tension, which can
cause areas of non-uniform pressure within the same region.
The patient’s position, seated or lying, does not influence the placement of the bandage apart
from the greater or less comfort of application. The heel can be kept covered or uncovered according to whether it is desired to allow the patient to walk correctly (maintenance of proprioceptive
sensation on contact with the ground during a step), or it may be necessary to reduce oedema involving the retromalleolar fossae. In the case of bandaging as far as the thigh, the knee joint must
be kept free, except in special cases. The most common techniques, of which numerous “personal”
versions are possible, are:
- Bandaging with regular turns;
- Figure of eight bandaging;
- Figure of eight bandaging fixed at the ankle;
- Spontaneously unrolled bandage.
Described separately:
- Multilayer bandaging.
Bandaging with regular turns (Fig. 4)
All of the techniques share the rule of unrolling the bandage from inside to outside, that is, in
the medial-to-lateral direction. In practice, proceed anticlockwise for bandaging the right limb and
clockwise for the left limb.
Bandaging is started at the base of the toes and after 2-3 turns around the foot, it moves to the
ankle and proceeds proximally ensuring that the turns overlap by 50%, that is, the bandage is extended covering half of the turn underneath.
When it has reached below the knee, the turn is finished and if there are a few leftover centimetres of bandage, these are extended in a distal direction without exerting much traction.

Fig. 4 - Hysteresis (short stretch bandage).

Figure of eight bandaging (Fig. 5)
This is a version of the above: it starts at the base of the toes in regular turns and proceeds proximally, crossing the turns of the bandage from the dorsum of the foot or from the ankle to below the
knee in a figure of eight; the maximum pressure is obtained at the crossing points of the turns; this
type of bandage is more compressive than the preceding one because it provides greater overlapping
of the turns of the bandage, and it is more stable over time.
When placing this bandage, it is important to ensure that the crossing points of the bandage do
not correspond to the tibial crest as they could cause skin injury.
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Fig. 5 - Figure of eight bandaging

Figure of eight bandaging fixed at the ankle (Fig. 6)
In this case, starting at the ankle, one turn of the bandage is placed and it is continued distally on
the foot, which is covered as far as the base of the toes. It is then continued proximally again, back
to the ankle; at this point, a figure of eight turn is made and it is continued upwards with regular
turns. It is indicated especially in the treatment of venous ulcers exerting strong pressure just above
the ankle around the medial malleolus, where at least 5-6 turns of the bandage overlap in this case.

Fig. 6 - Figure of eight bandaging fixed at the ankle.

Spontaneously unrolled bandage (Fig. 7)
This bandage is indicated especially for diseases of the calf as it exerts its maximum compression
posteriorly; starting at the base of the toes, a few turns are made and the bandage moves to the lower
border of the belly of the calf muscle; at this point, it is rolled around the calf to below the knee,
then making a so-called fixation turn, that is, a complete turn of the bandage below the knee. It is
then brought downwards again in regular turns so as to cover the leg completely to above the ankle.

Fig. 7 - Spontaneously unrolled bandage.
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Multilayer bandaging
This is a system produced by Smith & Nephew (Profore®), comprising a kit of 4 bandages, produced for different ankle circumferences (18-25 cm and over 25 cm), which are applied in a precise
sequence, each one with a different technique:
- the first layer consists of a bandage of synthetic wadding (orthopaedic wool), which is applied in
regular turns overlapping 50% and covering the heel also;
- the second layer consists of a non-stretch cotton crepe bandage which fixes the first layer, and is
applied in regular turns with overlapping of 50%;
- the third layer consists of a light long-stretch bandage, which is placed using the figure of eight
technique, stretching the bandage about 50% and following a central yellow line which acts as a
guide;
- the fourth and last layer consists of a cohesive bandage, which is applied with regular turns with
extension of 50% and overlapping of 50%, which will produce final compression at the ankle of
40-50 mmHg
This bandage, with its characteristics of optimal comfort and especially its exceptional ability to
reduce marked oedema, is particularly indicated in venous disease complicated by large ulcers, areas
of hypodermitis resistant to other treatments and significant oedema and lymphoedema.
Multilayer bandages with different features are: Rosidal sys® (Lohmann & Rauscher) and Coban
2® (3 M).
“Handcrafted” multilayer bandages can be made, provided that quality bandages are used and
the general bandaging rules are taken into account. The long-stretch bandage must be placed above
the rigid one if obtaining adequate pressures is desired. The cohesive bandage is used to keep the
bandage obtained thus in place better, increase the pressure and provide uniformity to the compression system.
Technique of applying the bandage, defined as “short elastic” according to Sigg (Fig. 8)
The bandaging of an entire limb must be carried out with 3 short elastic bandages plus an underlayer of ETA foam for the thigh. The short elastic bandages have a length of 5 m under tension
and come in different widths: 8 cm for the foot, 10 cm for the leg, and 10 or 12 cm for the thigh.
It is applied immediately after performing sclerosis of any vein with the exception of telangiectasia,
where use of a therapeutic elastic stocking is permitted. It is worn whenever the patient is standing
in conjunction with frequent walking, it is removed completely at night and reapplied before rising
from bed, even if this is for a short time:
- the foot is bandaged starting with an initial turn behind the base of the toes (these are bandaged
only if they are the site of oedema or ulcer). The tension must be able to utilise all the elastic capacity of the fabric so that after it is applied, it unrolls on its own if it is not stopped; the pressure
is correct when the fingers take on a cyanotic hue which disappears after a dozen footsteps.
The foot is at a right angle relative to the leg and this is at 90° to the thigh. This bandage wraps
the foot and ankle until it reaches the start of the calf, in more overlapping turns until all of the
bandage has been used. In this way, every part of the foot is covered, in particular, with the bandage
passing 4-8 times around the ankle as otherwise this site would be compressed insufficiently.
- from here the leg is bandaged as far as the popliteal fossa with a second 10 cm bandage, unrolling it in direct contact with the leg, thus creating the direction of the bandage, and it is possible
at each turn to pull it with force. In this way, the edges of the bandage are subject to identical
tension and furrows are not created; the leg is covered following its anatomical shape, with each
part covered 4-5 times with figure of eight turns. Particularly large legs require the use of a 12
cm bandage.
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Fig. 8 - Sigg bandage.

- the thigh must be bandaged differently because of its tapering shape. An ETA foam (foam
rubber) bandage 12 or 15 cm wide is used, which adheres very well to the skin though it is not
adhesive. This is used to prevent the thigh bandage from slipping; it must be 3-4 mm thick as
it tears if it is thinner. The foam rubber is attached to the skin and ensures that the overlying 10
or 12 cm short elastic bandage remains in place even if the shape of the thigh is very tapered.
The bandage starts immediately below the knee and continues to the groin. The knee is enclosed
by the bandage and can move freely due to the foam rubber bandage without destabilising the
efficacy of the compression in this area. An adhesive bandage is required rarely, and is intended
only for phlebitic conditions necessitating further compression even in bed at night. In this case,
this bandage is cut at each turn and it is often medicallsod practice to place a protective “skin
sparing” layer of foam because of the frequent reactions with the adhesive. This bandage is usually employed to keep hardcore pads in place following sclerosis of the saphenofemoral junction,
cutting it after a half turn.
If the patient has been well instructed, he himself will be able to apply it better than anyone else
because he will feel the compression force on his leg so that he will soon be able to bandage like a
healthcare professional. However, this bandage is inspected at every consultation to avoid oedema,
which is frequent at the foot, where the patient is told to apply it with low tension. Any oedema
present is revealed and demonstrated to the patient, teaching him how to detect pitting so that he
will be better able to calibrate the tension of the bandage, and he is asked to reapply it several times
a day when it loosens and slips, which allows compressive grooves to form and thus oedema to
develop in the distal segment. If applied well, the bandage is so adherent that it becomes trouble33

some and painful after 2-4 hours at night so it should be removed at bedtime and reapplied in the
morning. If this is not possible, the bandage is applied a little more loosely, enabling it to be worn
at night also, until the patient is able to reapply it correctly himself after a few days.
Eccentric compression
By modifying the radius of curvature of the part of the limb to which it is applied, in the sense
of an increase (negative eccentric compression), or a reduction (positive eccentric compression), the aim
is to reduce in the first case or increase in the second the compression exerted by any concentric
compression (stocking or bandage).
Negative eccentric compression is generally used over the dorsum of the foot, the Achilles tendon,
the tibial crest and tendons. It can be achieved with strips of foam up to 4 mm thick or with cotton
wool rolls (instep) and prevents irritation of the skin and pain in subcutaneous structures.
The aim of positive eccentric compression is to provide a focal increase in compression; this can use
various materials:
1. Gauze is used because of its breathable and anti-exu-dative capacity on areas of epidermis and
eczema. Be-cause of its low deformability, gauze is used by choice when making circular compact
pads 2-3 cm in dia-meter, which are placed over varicosities or reticular veins and held in place
for a day with hypoallergenic adhesive plaster.
2. Another material is cotton wool in the form of pads with a core:
•• soft, spherical pads 1 cm in diameter;
•• semirigid, cylindrical pads 1/5 cm in diameter (dental), to be applied like a bridge between
two gauze pads;
•• rigid, the cotton wool covers a sheet of compacted aluminium, rolled into various shapes,
used for se-lective compression of escape points; they are held in place for 7 days with half a turn
of adhesive bandage;
- for perforating veins, hemispherical pads 2 cm thick and circular in shape can be used over the
muscle perforators (calf muscle), or half-moon over the retrotibial perforators;
- cylindrical for the saphenofemoral junction, 4-5 cm in length but of various thickness:
•• thin, 2 cm, for the internal and external saphenous in thin thighs;
•• medium, 3 cm, for the internal saphenous and Hunter and Dodd perforators;
•• thick, 4 cm, for the internal saphenous of large thighs.
The purpose of these pads is to reduce the radius of curvature of the thigh and therefore make
the com-pression more intensive, according to Laplace’s law.
3. Another important device for eccentric compression consists of rubber or latex foam pads of
various sha-pes. The physical characteristics of natural rubber de-scribed above make such
wedges capable of increasing even the resting pressure. In fact, with the increase in limb
volume that characterises muscle contraction, the rubber, which cannot expand, is squeezed
between the skin and the rigid bandage and exerts a constant, ela-stic and soft pressure on the
veins but increases the compression force less than rigid pads. When the mu-scle relaxes, on
the other hand, its re-expansion fills the potential space between bandage and skin, preventing blood stasis, in practice restoring force to the compres- sion of the bandage, which would
otherwise be practi-cally non-existent in this phase. This results in a direct pumping effect on
blood reflux.
Such devices are used widely in the treatment of all stages of CVI, including venous ulcer, with
the precau-tion of avoiding the rubber coming in direct contact with affected skin, such as eczema, hypodermitis or white at-rophy.
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Recommendations
- The bandaging should extend to the base of the toes, it should be carried out from the inside to the
outside of the limb and maintain the characteristics of regularity and uniformity: the bandage
should be applied at constant tension, overlapping the turns by about 50% of their width, thus avoiding areas of excess pressure and local constriction.
- The pressure exerted by the bandage and its efficacy, according to the material utilised, depend
closely on the tension to which the bandage is subjected, on the number of overlapping turns
and on the technique employed.
-- The static stiffness index (SSI) is the most important clinical index to choose the type of
compression bandage.
- Figure of eight bandaging remains in place longer without altering and provides about 30-40%
more compression compared to one with regular turns.
- Figure of eight bandaging fixed at the ankle compresses the medial regions of the leg mainly and
is therefore indicated for venous disorders in that region such as ulcers and hypodermitis.
- The spontaneously unrolled bandage compresses the calf mainly and is therefore indicated for
venous disorders in the posterior region of the leg.
- Multilayer bandaging is indicated particularly in venous disorders complicated by large ulcers, areas of hypodermitis resistant to other treatments, and significant oedema and lymphoedema, including
indurated oedema.
- Eccentric compression should be used when the radius to be compressed needs to be controlled, to
protect some areas from excessive pressure, to obtain effective compression where the curvature of the
skin surface does not allow it or to increase the pressure where necessary.
Techniques of measuring compression in vivo
Measurement in vivo of the pressure exerted by the different compression methods has always
been a subject of great interest for all who study compression therapy in phlebolymphology. It can
be performed with various systems, which have developed from those of the past, such as Van Der
Molen’s tonometer (1955), the Sigg Tester (1964) or that of Haid (1970), to today’s devices, which are
accurate, reliable and repeatable (Table IV). Measurement of the pressures defined as interface pressure
with numerous sensors and devices can provide a whole range of information that is extremely useful
for the study of the compression effects of various materials, such as the resting and working pressures, stiffness (static stiffness index by Partsch H), and the pressure exerted according to the stocking,
bandage or bandaging technique utilised, so that compression methods can be classified according to
their actual clinical activity. It can also be highly useful for learning bandaging technique, measuring
in real time the pressure exerted at various points in the limb. Many modern measurement systems
are available and none has been shown to be superior to the others. However, it is advisable that they
should meet a few basic principles if they are to provide reliable and repeatable results:
- the system should provide measurement continuously during rest and movement;
- calibration of the sensors in contact with the compressed surface should be simple and repeatable at each measurement;
- the sensor should have a maximum thickness of 0.5 mm (Ferguson-Pell model) and be flexible
but not distensible and be readily adaptable to different surfaces; -- the sensor should be insensitive to variations in temperature and humidity;
- the response to variations in pressure should be linear; -- the optimal sensitivity is <0.1 sec, <0.1
mmHg;
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- the sensor should be durable and made of materials that can remain in contact with the skin even
for long periods without causing irritation.
The points for measuring pressures on the lower limb should be standardised according to the
following anatomically regions:
- B, at the smallest circumference of the ankle;
- B1, at the circumference where the Achilles tendon meets the inferior tip of the calf muscle
(about 10-15 cm proximal to the medial malleolus);
- C, at the greatest circumference of the calf; -- D, just below the tibial tuberosity;
- F, halfway up the thigh, between the midpoint of the inguinal crease and the tibial tuberosity;
- G, at the maximum circumference of the thigh, about 5 cm below the inguinal crease.
Point B, as a reference for the manufacturers of elastic stockings, is the point of main choice in
the measurements because there is usually no irregularity of the radius and it is a reliable index of
the pressure exerted, together with points C and D. Partsch H et al. (2006) also propose point B1
as a reference parameter for the measurements since the maximum increase in circumference during
movement and passage from the supine to the erect position occurs in this area.

Piezoelectric systems

Strain gauge systems, resistive

Kikuhime (Meditrade-Denmark)
MST MKIII Salzmann (Salzmann Medico-Switzerland)
Juzo Tester (Elcat-Germany)
Oxford Pressure Monitor
Talley Pressure Evaluator (Talley Ltd.-UK)
PicoPress (Microlab, Italy)
SIGaT Tester (Blazek device-Ganzoni Sigvaris-Switzerland)
MCDM-I (Mammendorfer Inst. Physik, Munich-Germany)
Diastron (Diastron Ltd.-UK)
Fontanometer (Gaeltec Ltd.-Scotland)
Fscan, Iscan (Tekscan-USA)
FSR, FSA (Vista Medical-Canada)
MCDM (Mammendorfer Inst. Physik, Munich-Germany)
Rincoe SFS (Rincoe and Associates-USA)

Table IV – Devices for measuring interface pressure.
Pneumatic, pneumatic electric or piezoelectric systems

The interface pressure can be recorded with the patient lying and standing, during plantar and
dorsiflexion, during tiptoeing movement or walking (for example the treadmill test). Recording of
these data with digital equipment (computers) is recommended, as is recording of pressor profiles,
which should be produced from multiple simultaneous measurements at different points on the
lower limb. Recording of the pressor data should include at least the resting pressure lying and standing, the systolic and diastolic working pressure, the circumference where the pressure is measured and
the measurement points, the times of application of compression and recording, and the ambient
temperature. Calibration of the sensor should be accurate and the measurement method should be
standardised.
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Graduated vs progressive compression stockings:
an overview of the ongoing debate

A scientific debate has arisen in the last few years as to the pressure-gradient force required for
therapeutic compression stockings (CET), which as we know, are designed to press hardest on and
around the ankle. It is because of such a high pressure in and around the ankle that such stockings
may be difficult to wear.
Meanwhile, a number of studies have been conducted,2,3,4,6on knee-high compression stockings
with the opposite pressure-gradient force, i.e. with pressure increasing from the ankle up to the calf;
for this reason, they have been called progressive compression stockings (CECP).
Theoretically, there are quite a few reasons why CECPs would be preferable to CETs:
1. Higher pressure on the calf (point C) may more easily improve the venous blood flow. CECP
stockings press harder on the calf without increasing pressure on the ankle (point B1). This effect
could also be produced by traditional CETs with a higher pressure-gradient force.
2. Lower pressure on and around the ankle makes it easier to wear these compression stockings, so
this would improve compliance.
Structurally, CECPs may press as hard on the ankle as CETs but harder on the calf; or CECPs
can be softer on the ankle than CETs but press as hard on the calf.
These are the questions one should ask:
•
•
•
•

Could a higher pressure on the calf more effectively improve the venous blood flow?
Could a lower pressure on the ankle improve the patient’s comfort and compliance?
Could a lower pressure on the ankle reduce swelling feet?
Is a higher pressure on the calf required to properly treat our patients, and is a high pressure on the ankle required for the same reason?

There are some randomised comparative studies in the literature that tried to give an answer,
though some of them are fairly old:
(1)
Comparative assessment of a new concept of compression stockings in moderate chronic
venous insufficiency (Couzan Study 1). Couzan S, Assante C, Laporte S, Mismetti P, Pouget
J-F; Presse Med. 2009;38:355-361
The purpose of this randomised double-blind study was to assess progressive compression stockings (CECP) versus degressive compression stockings (CET) in patients affected by moderate venous insufficiency with no chronic swelling.
The selected patients were affected by moderate CVI with no chronic swelling (class C0-C1SC2s CEAP).
Patients in the CECP group received knee-high stockings with an ankle pressure of 7 mmHg
and a calf pressure of 20 mmHg.
Patients in the CET group received knee-high stockings with an ankle pressure of 20 mmHg
and a calf pressure of 14 mmHg.
Two weeks later, the patients were examined and filled in an analogue scale questionnaire: how
heavy their legs felt, how the stockings fitted, and their compliance with the compression treatment.
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The primary endpoint was a difference in the feeling of heaviness after 2 weeks of treatment. The
secondary endpoints were comfort and compliance with the compression treatment.
60% of the patients in the CET group and 72% of the patients in the CECP group reported an
improvement or even a total disappearance of leg symptoms after 2 weeks of treatment.
Compliance with compression treatment, based on an analogue scale, was significantly better
in the CECP group (score 9) than in the CET group (score 8), with a score of 10 meaning that
compression was worn every day throughout the study.
Patients treated with CECPs reported that they could easily wear the stockings more often
(95.2%) than patients in the CET group (56.2%).
Lastly, 93.6% of patients in the CECP group reported they felt fairly or perfectly comfortable
wearing the stockings, versus 29.4% of the patients in the CET group.
Comments:
The first Couzan study did not prove that CECPs score better at the «heavy legs» primary endpoint in
patients with moderate CVI, even if the CECPs had a calf pressure of 20 mmHg while the CETs had a
calf pressure of 14 mmHg. There is no discussion of the reason the Authors chose CETs with a calf pressure
of 14 mmHg though they claimed that a minimum calf pressure of 20 mmHg is required to effectively
improve the venous pumping mechanism.
However, compliance looks very good with both types of compression stockings (> 80%), yet compliance with the CECPs was slightly higher, at an average 90%. It would have been interesting to observe
how they would behave in the long run.
Interestingly, the difference in pressure in the two types of compression stockings is noticed when patients speak of «discomfort»: the patients in the CECP group felt «discomfort» in the legs (71.4%) more
often than the patients in the CET group (40.5%). In addition, «discomfort» in the ankles and feet was
reported more often by the patients in the CET group.
(2)
A randomised double-blind study comparing upward progressive compression stockings
(CECP) with degressive compression stockings (CET) in patients suffering from moderate to
severe chronic venous insufficiency (Couzan Study 2). Couzan S, Leizorovicz A, Laporte S,
Mismetti P, Pouget JF, Chapelle C, Quere I. J Vasc Surg 2012;56(5):1344-1350
The purpose of this study was to assess the effectiveness of progressive compression stockings
versus decreasing compression stockings (30 mmHg) in improving symptoms of chronic venous
insufficiency (CVI).
Patients suffering from moderate CVI (CEAP C2b to C5), eligible for a 30 mmHg compression treatment, were enrolled for this randomised controlled double-blind study. Exclusion
criteria included: need of compression treatment using compression bandaging or > 30 mmHg
compression stockings, acute ulcers, DVT or pulmonary embolism in the last 3 months, lower
limb artery diseases, non-venous or inflammatory swelling, skin or traumatic lesions in the lower
limbs.
The selected patients were randomised to receive upward compression knee-high stockings (10
mmHg at the ankle, 23 mmHg at the calf ) or degressive compression stockings (30 mmHg at the
ankle, 21 mmHg at the calf ). The stockings had to be worn every day, from morning to night, for
6 months.
The primary endpoint, i.e. reduced pain or heavy legs, no ulcers, SVT/DVT or pulmonary embolism, was assessed at 3 months. Secondary endpoints included the primary endpoint at the first
and sixth month, ease of wearing, and compliance.
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401 patients were enrolled, two thirds suffering from CVI C3 and the majority suffering from
multiple or widespread varicose veins.
At month 3, the success rate was significantly higher in the group wearing progressive compression stockings that in the group wearing degressive compression stockings (70% vs 59.6%, p =
0.03).
No significant difference was observed in the success rate of the two groups at months 1 and 6.
During the study, five patients in the group wearing progressive compression stockings and six patients in the group wearing degressive compression stockings had thromboembolism. Compliance
with the stockings was similar in both groups; at month 3, 72.2% of the group wearing progressive
compression stockings and 71.1% of the group wearing degressive compression stockings wore the
stockings all day long.
86.2% of the group wearing progressive compression stockings vs 57.1% of the group wearing
degressive compression stockings rated the stockings as easy to wear (P <0.0001) at month 6, with
a statistically significant difference at month 1 and 3 as well. Discomfort was similarly rated by both
groups.
Comments:
Couzan Study 2: with a similar calf pressure (23 mmHg CECP vs 21 mmHg CET), at the primary
endpoint a significant difference was found between the two types of compression stockings after 3 months
of treatment (p = 0.03), but not after 1 and 6 months. After 1 and 6 months of treatment, no difference
was reported in the reduction of leg symptoms (heavy legs or leg pain).
Interestingly, in the CET group, the number of patients who did not notice any improvement in their
leg symptoms markedly decreased over time, while the number of patients in the CECP group did not
seem to change too much.
Apart from the significant difference in the primary endpoint after 3 months of treatment, only ease of
wearing turned out to be statistically significant at all examinations in the CECP group.
Though both compression treatments had a similar calf pressure, no difference was reported in terms of
comfort or compliance between the two groups. In the light of the results of Couzan Study 11, compression
stockings with an ankle pressure of 30 mmHg were expected to be less comfortable to wear.
The Authors underestimated the fact that, during the study, the patients in the CECP group took more
painkillers and NSAIDs than those in the CET group. We do not understand why the Authors let the patients
take painkillers and NSAIDs in a study where the primary endpoint included symptoms like «leg pain or
heavy legs» and how the different intake of such drugs by the two groups could affect the results of the study.
(3)
Negative compression stockings are more effective on the venous pumping mechanism than graduated compression stockings. Mosti G and Partsch H. Eur J Vasc Endovasc
Surg2011;42:261-266
The aim of this study was to assess the effect of progressive compression stockings (CECP) on
the venous pumping mechanism of patients suffering from severe venous insufficiency versus traditional graduated compression stockings (CET).
Patents suffering from CVI, CEAP class C2 to C5, and significant reflux (> 1s) of the great
saphenous vein were enrolled in the study. Patients also had to be mobile enough to perform the
exercises for the assessment.
All measurements were taken on one day: first without compression, followed by the two compression stockings in a randomised sequence, with 15 minutes between each measurement. The
stockings were put on with the patient laying face upwards, 5 minutes before the test.
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The ejection fraction significantly improved after using compression stockings, with greater
improvement from the baseline when wearing CECPs (+75%, p <0.001) than CETs (32.7%, p
<0.001).
Pressure measurements at the interface found that the CETs applied an average pressure of 22
mmHg on point B1, with 14% less calf pressure (point C). As expected, the CECPs had the opposite pressure-gradient force, with an average pressure of 18.5 mmHg at point B1 and 57% more
pressure at point C. Such pressure only slightly rose when the patient stood up or was exercising.
The ejection fraction significantly correlated with a standing position (r = 0.43, P <0.001), with the
highest pressure when exercising (r = 0.406, P <0.01), in C but not in B1.
The study ends by concluding that a higher calf pressure with the CECPs is significantly more
effective than a lower pressure in improving the venous pumping mechanism. Further studies are
required to understand the effect of such stockings on the prevention of thrombosis, the reduction
of chronic swelling or lymphedema, and deep venous thrombosis.
(4)
Pressure at the interface and venous drainage in two types of compression stockings in
healthy volunteers and in patients with arterial diseases of the legs. Riebe H, Konschake W,
Haase H and Junger M. Clin Hemorheol Microcirc 2015;61:175-183
This study tried to look at the effects of standard graduated compression stockings (CET) versus
reverse or progressive compression stockings (CECP) on blood flow in healthy volunteers and in
patients with CVI. Their impact on comfort and compliance was assessed as well.
Patients with CVI CEAP C3-C5 were enrolled, and the exclusion criteria included systemic
diseases, such as diabetes mellitus, peripheral arterial disease or decompensated heart failure.
The former stockings were handed out in randomised double-blind mode. Patients and healthy
volunteers were prescribed to wear the compression stockings for 7 days, with a one week’s break
before wearing the latter type of stockings. Pressure applied by the stockings was measured at
point B1 and at point C during a standard physical exercise programme. Venous drainage was
measured by strain-gauge plethysmography; in addition, a questionnaire was developed to measure comfort.
Pressure measurements were the following: average pressure of CETs was 27.3 mmHg (B1) and
19.6 mmHg (C); average pressure of CECPs was 17.8 mmHg (B1) and 24.7 mmHg (C).
The ejection fraction was found to have remarkably improved after using compression stockings
in both healthy volunteers and patients; however, the CETs improved the situation much more
than the CECP, with p = 0.02 (healthy volunteers p = 0.07; patients p = 0.01). The difference in the
Venous Filling Index decreased with both types of stockings, with no significant difference (CET:
-0.05 ml / 100 ml / s vs CECP -0.03 ml / 100ml / s). The difference between patients and healthy
volunteers was significant, though.
The results of the questionnaire showed that the CECPs were rated as remarkably less stifling,
looser and easier to wear than the CETs; however, the CECPs slid down more often than the CETs.
Summary
Graduated compression stockings (CET) and progressive compression stockings CECP) with
very different pressure profiles used in the aforesaid studies to assess clinical and haemodynamic
effects:
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Level B1
(Pressure in mmHg)
Study
Couzan 1
Couzan 2
Mosti
Riebe

CET
20
30
22
27.3

Level C
(Pressure in mmHg)
CECP
7
10
18.5
17.8

CET
14
21
18.9
19.6

CECP
20
23
29
24.7

It is not clear how pressure was measured in the Couzan studies,2 or whether the figures are just
the manufacturer’s technical specifications. Mosti3,4,7 and Riebe6 measured pressure both in vivo and
under the stockings. Mosti used compression stockings with a comparable pressure at point B1,
while Couzan Study 2 used stockings with a comparable pressure at point C.
The ejection fraction was only measured by Mosti3,4 and by Riebe6, but they used different techniques and measured different areas of the foot and under the knee. Clinical results and comfort
were only measured in Couzan’s and Riebe’s studies.
Therefore, the results of such studies are hardly comparable.
Both CETs and CECPs significantly improved the clinical symptoms. A significantly better
result was noticed after 3 months of treatment in the CECP group of Couzan Study 2 and a more
significant improvement of the ejection fraction was reported in the CET group of Riebe’s study6.
Studies by Couzan et al1,2 clearly proved that compression systems improve clinical symptoms in
patients with moderate venous conditions (C1s-C2S) and more severe venous conditions (C2S-C5)
alike.
Couzan’s idea about progressive compression stockings is theoretically compelling. Since the
main part of the venous reservoir is located at the calf, this is the region that should be targeted by
a compression treatment, rather than the ankle. Actually, a more marked improvement was found
in the venous pumping mechanism when more compressive stockings were used on the calves of
patients with severe venous insufficiency4.
Technically, an effect can also be achieved on the venous pumping mechanism by applying some
strong non-elastic bandages pressing harder on the calf that on the ankle. The improvement of the
venous pumping mechanism at the calf is the reason why sports stockings are worn with some Velcro tape on top around the calf5.
Criticality 1): All compression stockings (CET and CECP) used in the studies have significantly improved the venous function. As expected, a higher pressure at point B1 or point
C seems to be associated with a higher improvement of the hemodynamic state. There is no
evidence that such improvement may be associated with the progressive or decreasing compression profile of the stockings.
Criticality 2): In all these studies, the most important finding is that pressure at point
B1 may be reduced without impairing the function of compression stockings or the clinical
result. Reducing pressure at point B1 makes the compression stockings easier to put on, less
stifling and looser, as reported by Riebe6 and Couzan1,2 in their studies. This feature could be
important for compliance.
Criticality 3): There are still a few controversies going on about the risk of a potential “tourniquet” effect causing distal swelling in non-walking patients, for whom an improvement
in the venous pumping mechanism is certainly less relevant. Using water volumetry, Mosti7
found that CECPs were better at preventing swelling than CETs in people suffering from
41

work-induced swelling; however, a decrease in the total volume of the leg would not completely rule out a potential displacement of the swelling to the distal region, to lower-compression
regions.
Criticality 4): Both Couzan’s studies clearly proved that the greatest advantage of the CECPs
lies in the fact they are easier to wear. By being easier to put on and take off, patients would
be more compliant with wearing CECPs, even if, in both studies, compliance turned out to be
very high and comparable with both compression systems.
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Compression in peripheral arterial disease

Though everyone knows that a compression treatment on the lower limbs is helpful and sometimes
essential to treat some venous, lymphatic, orthopaedic, dystrophic or vascular conditions, it is also
well known that it can cause trophic damage in the tegument, which may be very serious if the
treatment is improperly used and above all if used in patients suffering from arterial conditions,
whether associated with diabetes and sensory neuropathy or not.
Of course, in these cases, a compression treatment needs to be very carefully administered; otherwise, a useful therapeutic tools would turn into a harmful contributing factor for ischemia and
necrosis, which may quite often result in the partial or total loss of a limb.
A lot has been said about the assessment criteria for peripheral arterial disease and which criteria
should be considered before deciding whether to use a compression treatment, and what and how
deep it should be, on a case-by-base basis.
Because of the importance of the matter and the seriousness of the pathological consequences
it may have, it may fully well be included in the list of problems that this Consensus Conference
tried to address and solve.
I would like to list a few criticalities of compression treatments in peripheral arterial diseases:
1. Assessment criteria for the impairment of peripheral arterial circulation
2. Assessment criteria for the impairment of peripheral sensory function
3. Compression solely used to improve peripheral perfusion
4. Mandatory compression in patients suffering from non-arterial conditions, first and foremost
venous or mixed ulcers
Assessment criteria for the impairment of peripheral arterial circulation
When getting ready to submit someone to a compression treatment, the criteria should always
be to prevent any potential damage resulting from such treatment, whether it is a compression
stocking or a soft or hard bandage.
Likewise, care should be taken to prevent any potential damage that may result from the shape
of the limb, bony and tendon prominences, delicate teguments, skin lesions, etc. The chance of
more or less relevant ischemic injuries should always be taken into account.
This is also, and mainly, due to the fact that a large number of patients who are eligible for a
compression treatment (especially in ulcerative conditions) are elderly patients in their seventies
and eighties, in whom the rate of ulcers is as high as 5% (1) and who are most likely to suffer from
peripheral vascular diseases, even some they may not be aware of.
Firstly, note that compression is a therapeutic physical factor which, as any clinical gesture, has
substantial benefits but may also have side effects, even serious ones.
Therefore, those who apply compression treatments must be properly trained and skilled for the
purpose, so they must be able to set the patient’s specific and general pathological condition in the
right framework and adjust and tailor the method and amount of the compression treatment to
each specific case.
The medical history, the age of the subject, the general and specific clinical picture of the disease
for which compression therapy is required offer important cues based on which such a suspicion
may arise.
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For example, compression therapy is commonly used to treat venous ulcers of the lower limbs
and, in most case reports, at least 20% of patients with venous ulcers of the lower limbs have a
concomitant arterial disease. (2)
More specifically, many case reports estimate that from 15% to 30% of patients with venous
ulcers also suffer from an arterial disease, with a marked drop in the ankle-brachial pressure index
(ABPI). (1,3)
The use of compression therapy is very controversial in these cases. Usually prudential criteria
are adopted, which lead to elect not to use compression therapy even if it is the cornerstone of the
treatment of venous ulcers, thus depriving many subjects of the ideal treatment for their disease. (4)
In the event of a possible concomitant arterial disease, a simple but extremely strict and repeatable assessment of the clinical condition of lower limbs is necessary.
The first thing to assess, albeit obvious, is the presence or absence of peripheral pulses.
The presence of the tibial pulse does not always exclude the concomitant existence of an arterial
disease, but there is a good probability that the presence of the pulse may ensure a sufficient perfusion pressure to tolerate therapeutic compression.
“Therapeutic compression” is defined as the compression expressed by therapeutic elastic supports that
exert a pressure on the ankle not lower than 23/25 mmHg, which may get even up to 35/45 mmHg in
case of high-quality elastic supports, or the compression expressed with even higher working pressures (8090 mmHg.) in case of short-stretch bandages, better defined as high-stiffness bandages, which therefore
provide a high degree of stiffness (stiffness index proposed by Partsch exceeding 10) such as those used, for
example, in the treatment of venous ulcers.(5)
This explains the great variety of applications of therapeutic pressure and the extensive opportunities
to express effective therapeutic pressures with the correct bandage technique without necessarily exerting a
high resting compression, which may cause pressure-generated damages in case of arterial disease.
One method to assess the actual effectiveness of the peripheral pulse may be the CW Doppler
or Echo Color Doppler. The presence of a velocimetric complex with a good representation of the
three-phase wave confirms or denies the effectiveness of the peripheral pulse.
The simplest and universally accepted method that provides us with significant discriminants to
assess the effectiveness of peripheral perfusion is the aforesaid ankle-brachial pressure index (ABPI)
used with the CW Doppler.
Unfortunately, this important measure is confused by a great variety of variables that can alter
its absolute validity. Arterial pressure measurements, the physical build of the subject, the quality of
the arterial wall and its degree of stiffness all considerably affect the index. (6)
The conditions that, even with a satisfactory ABPI index, may increase risks in a treatment that
compresses the integuments of the lower limbs are essentially diabetic microangiopathy or other
systemic diseases such as, for example, collagen or blood diseases and peripheral neuropathies like
diabetic or toxic polyneuropathy.
Arterial pressure measurements, the physical build of the subject, the quality of the arterial wall
and its degree of stiffness all considerably affect the index. At this point, it is clear that anamnesis
information and clinical assessment are important and make the ABPI value scarcely reliable and
repeatable, particularly if used by untrained personnel.
A much more reliable value is the absolute systolic pressure measured at tibial level. Always from
a theoretical standpoint, a value exceeding 60 mmHg should protect from damages caused by the
pressure exerted by the bandage (provided that it is performed correctly and at adequate pressures
for the disease to be treated) (3).
The bandage that is generally considered effective for the treatment ulcerative lesions, as well as
in case of related lymphedema or inflammatory processes, is the one that can exert a pressure of at
44

least approximately 40 mmHg. Hence, an arterial pressure of 60 mmHg at the ankle should exceed
the interface pressure of therapeutic compression, thus making it safe.
In addition, there is quite a lot of evidence confirming an improvement in peripheral perfusion
below the bandage even in case of peripheral ischemia treated with compression, particularly in case
of high-stiffness bandages and bandage systems. (3,4,7)
In these cases, particularly when an adequate muscle activity is maintained, the behaviour of
the bandage is typical of high-stiffness bandage, which develops intermittent pressures with strong
working pressures during muscle contraction and low pressures at rest. This is also similar to the
action of mechanical support, which exert an intermittent pneumatic pressure that leads, particularly in patients with arterial diseases, an increase in the peripheral perfusion and an improvement
of the ischemic condition.
Conversely, there are data that show a reduction in peripheral perfusion at the big toe level in
resting subjects under therapeutic bandage below the knee. This reduction is moderate and data are
variable from 27-44% to 6-13% depending on the works (3,7). This reduction is moderate and is
also found in healthy subjects, although its clinical meaning is still to be understood.
All this clearly shows the great variability of results and opinions related to the peculiarity of
compression therapy, which is difficult to standardize, as well as to the peculiarity and polymorphism of the peripheral vascular disease.
In spite of these partly negative aspects, we must try to propose some guidelines to be implemented in order to achieve a certain degree of safety in the application of compression therapy, even
in case of peripheral arterial disease.
Criteria for the assessment of the impairment of the peripheral sensory integrity
The second element to be assessed is the neurosensory integrity of the extremity to be treated.
The neurological examination is simple and should be applied both with an accurate interview with
the patient and with a clinical assessment of the response of the subject to sensory stimuli.
If there is a history of paresthesias or dysesthesias and in the presence of areas of poor or no sensitivity, compression therapy should be practiced with extreme caution and based on criteria that
help obtaining the maximum therapeutic result with the minimum possible pressure-related risk
even in these cases.
Clearly, if a poor peripheral sensitivity is suspected in the subject, the healthcare professional
should avoid low-stiffness bandages and elastic compression systems, which exert a sub-continuous
pressure with changes between rest and work below 10 mmHg (index below 10). Also, with this
almost constant pressure, trophic lesions may be caused, especially if incorrectly exerted. On the
contrary, high-stiffness (extensible and non-extensible) bandages and inelastic compression systems
are recommended in these cases, as they exert an intermittent pressure with changes between resting
pressure and working pressure exceeding 10 mmHg (stiffness index above 10). The higher the stiffness index, the greater the compliance of the compression system and the higher the peak pressure
the higher the haemodynamic effectiveness of the bandage on the venous system.
Therefore, it is important to apply pressure correctly with very low resting pressure bandages
(even down to 10 mmHg) by using multi-layer systems that, by virtue of their stiffness, may express
adequate working pressures and be effective from a therapeutic point of view (even 50-60 mmHg
and more).
So, no clear and repeatable assessment criteria exist. We must follow the caution principle starting, even in this case, from the interview on the history of the patient, which must be administered
in any case before applying any elastic therapeutic compression.
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A history of family neuropathy, previous trophic lesions, presence of diabetess in the family or
even the presence of similar problems in the history of subject must be associated with a simple
neurological examination in order to consider whether there is any dysesthesia or paresthesia areas,
apply compression therapy in a controlled and prudent manner, and have only extremely competent medical or paramedical staff perform the technique and application method.
Compression used as a means to improve peripheral perfusion - e.g. intermittent pneumatic
compression
Many case reports prove the effectiveness of intermittent pneumatic pressure in improving peripheral perfusion, leading to a reduction in the amputation rate in critical peripheral ischemia.
(8) However, these findings, albeit repeated, do not reach totally convincing conclusions and are
subject to wide variations in clinical results. (8)
On the other hand, the benefits provided by elastic compression in terms of increase in peripheral perfusion cannot be ignored. (7)
In addition, many studies document how compression therapy in sports and muscle activities
improve performance and muscle recovery. (9)
All these findings suggest that the study of these aspects should be further investigated and that
compression therapy should in any case by used in a controlled manner with the purpose of improving arterial compensation in patients with arterial disease, including critical, provided that they
can practice physical exercise. In patients that cannot move, only intermittent pneumatic pressure
should be used - which is still being investigated - or use low-pressure (10-30 mmHg of application)
and high-stiffness bandages.
Compression required in arteriopathic patients for non-arterial diseases, first of all venous or
mixed ulcer
In order to be effective for venous or mixed ulcers and in case of lymphovenous oedema or inflammatory lymphatic oedema, therapeutic compression therapy needs high pressures.
In order to obtain a haemodynamic effect on the venous system, it must oppose hydrostatic pressure, therefore 60-80 mmHg at the leg, 30-60 mmHg at the thigh, if the patient is standing, 30-50
mmHg at the leg with a seated patient, 20-25 mmHg in supine patient, as defined by Partsch. (10)
The characteristics of this compression therapy, usually applied with inelastic high-stiffness
bandage or with high-class circular-knitted or flat- knitted stockings with a higher stiffness than
circular-knitted stockings is well codified.
In general, effective therapeutic pressures for venous or mixed ulcers are greater than 5/40 mmHg
at the ankle and many studies agree about the need to remain at similar levels (3,5).
In case of patients with an arterial disease, based on all the assumptions above, the preferred
type of compression therapy is the one applied with stiff inelastic low-pressure and high-stiffness
bandages. In this case, resting pressures are usually rather low and the therapeutic action is exerted
during walking or during the foot and calf muscle contraction. This is obtained especially with
bandages or supports that exert an adequate pressure and stiffness, with recognised and measurable
characteristics. (11)
Stockings may also be used, provided that compression is varied during day activity and night
rest. In this case the stocking should be used during the day and removed at night during rest. It
is certainly much more suitable for young patients with oedemas who have a good compliance in
wearing the elastic support and in maintaining a constant physical exercise rather than for elderly
patients in impaired physical conditions.
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In case of non-ulcerous diseases, elastic stockings may be removed in the evening and worn again
in the morning. For patients with ulcerous diseases, support kits with double stockings are strongly
indicated, as they include an understocking with the dual function of fastening the medication
and exerting a light compression force that is well tolerated at night as well, plus usually a class 2
stocking to be worn during the day on top of the understocking. By virtue of their stiffness, these
systems are also tolerated in case of a moderate arterial disease, provided that the patient has a fair
muscle activity. In addition, they require a good degree of compliance, which often depends on
home caregivers, and must, as previously pointed out, be adjusted to the degree of arterial disease
of the subject to be treated.
For these reasons, patients with arterial diseases and with (sever) peripheral ischemia may obtain
great benefits from compression therapy. The appropriateness of performing a peripheral revascularization surgical procedure before compression therapy in case of mixed or venous ulcers in patients with arterial diseases has been extensively discussed, but documented studies show that while
compression, on the one hand, improves the conditions of the ulcer and enhances healing, on the
other hand it improves peripheral perfusion and mitigates the symptoms of the arterial disease, thus
allowing for a traditional treatment of the ulcer, with no need to perform a preventive revascularization procedure. (12)
In addition, compression therapy must necessarily be performed with the utmost caution in this
case, by implementing careful and closely repeated monitoring over time, especially at the beginning of compression therapy.
Conclusive indications
therapeutic compression is indicated whenever necessary, including in patients with arterial diseases, by implementing the most appropriate, prudent and rigorous application methodologies.
When a compressive support is selected, the history of the patient must be carefully collected
and recorded with the purpose of detecting any previous arterial diseases, diabetess, collagen diseases or neuropathies.
The objective examination of the patient must include the palpation of peripheral pulses and,
if these are absent, the execution of a CW Doppler, with assessment of the absolute pressure and
ankle-brachial pressure index (ABPI). An assessment of the degree of peripheral sensitivity of the
subjects considered to be at risk.
An absolute systolic pressure at the ankle below 60 mmHg and an ABPI index below 0.50 necessarily require the presence of an expert physician who can use compression therapy in very selected
cases.
In case of arterial disease and/or neuropathy, using compression with high-stiffness bandages,
specific stocking kits for ulcer or intermittent pneumatic pressure is preferable. It is necessary to
underline that kits for ulcers are low-stiffness elastic systems, which, however, should be used in case
of mild arterial disease and by changing the class of the second stocking from K2 to K1.
After the first application of compression to a patient at risk, direct careful surveillance is recommended if the patient is hospitalized and indirect surveillance through an adequate information
flow is recommended if the patient is at home, with caregivers and/or relatives of the patient being
constantly available to be reached on the phone, so that accurate indications to remove the compression kit can be given in case of any complication or pain, especially at night.
Another essential requirement for the success of compression therapy in patients with arterial
diseases is the training of the personnel to be used for the application of the treatment. In summary,
therapeutic compression must always be applied only by qualified healthcare staff who have been
47

appropriately trained, because this treatment is always useful and effective even in case of arterial
disease either isolated or associated with diabetes and/or peripheral neuropathy - this because damages are not caused by treatment, but by its incorrect administration.
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Elastocompressive therapy and prophylaxis
of venous thromboembolism

Stratification of risk factors
Venous thromboembolism (VTE), consisting in deep venous thrombosis (DVT) and pulmonary
embolism (PE), is one of the most common diseases of the circulatory system. In 90% of cases,
PE is caused by a DVT. In Western countries, it is considered to be the third most frequent cardiovascular disease after ischemic heart disease and stroke, with a new case every 1,000 inhabitants
per year, while there are 1.17 new cases in the US (Silverstein MD et al. 1998), 1.6 new cases in
Russia (Russian Health Ministry 2012) and up to 0.3 new cases in China (Lay Y et al. 2016) Zakai
NA et al. (2011). There is a considerable difference in the incidence of VTE in the different human
races: while Africans and Americans have a 5-fold incidence compared to Asians, Europeans and
Hispanics have an intermediate risk. The incidence is 100 times greater in subjects who had been
hospitalized in the previous months than in subjects who had not been hospitalized (Heit JA 2008).
Hospitalization is a very important factor for the onset of VTE and, interestingly, there are no
significant differences between medical or surgical patients (thrombotic complications in 22% and
24% of cases, respectively) (Heit JA 2008). In the absence of prophylaxis, the incidence of DVT
objectively reported in patients hospitalized for medical or surgical diseases ranges from 10% to
40% and reaches 40-60% in patients undergoing orthopaedic surgery (Table 1).
Table 1 -Absolute VTE risk in patients hospitalized without prophylaxis
Groups of patients

% of VTE prevalence

Medical diseases
General surgery
Major gynaecological surgery
Major urologic surgery
Neurosurgery
Stroke
Hip or knee replacement, hip fracture
Major trauma
Acute spinal cord injury
Intensive care

10-20
15-40
15-40
15-40
15-40
20-50
40-60
40-80
60-80
10-80

Mortality and short and long-term morbidity, and VTE-related costs, support the need for
prophylaxis measures at least in patients with a moderato and high risk level. In addition, many
clinical trials have shown that antithrombotic prophylaxis reduces the incidence of VTE and fatal
PE without being associated with a significant increase in bleeding risk (Geerts WH et al. ACCP
2008; Tuscany Region recommendation 2015). In spite of all this, thromboembolic prophylaxis
remains underused, especially in the medical setting (Tapson VF et al. IMPROVE study 2007;
Cohen AT et al. ENDORSE study 2008; Gussoni G et al. GEMINI study 2009; Tuscany Region
recommendation 2015).
The knowledge of specific risk factors in groups of patients or in individual subjects is the founding principle of an appropriate use of prophylaxis. Most hospitalized patients have at least one risk
factor for VTE and approximately 40% of patients have three or more risk factors (Anderson FA Jr.
et al. 1992; Tuscany Region recommendation 2015). Risk factors for VTE are multiple and may be
categorised in individual and specific risks (Table 2):
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Table 2 - VTE risk factors
Individual risk factors
— Age > 40
— Immobility > 3 days
— Obesity (BMI > 30 kg/m2)
— Personal or family history of (1st degree) VTE
— Previous VTE
— Congenital or acquired thrombophilia
— Use of contraceptive or hormone replacement therapies
— Sepsis or shock
— Traveling ≥8 hours
— Varicose veins
Specific risk factors
Anaesthesia

General/spinal/epidural anaesthesia

Surgery

Minor, lasting < 45 minutes
Major or pelvic surgery
Laparoscopy/Robotic surgery

Gynaecology-obstetric

Pregnancy/maternity
Caesarean delivery

Orthopaedic

Bruises, sprains
Tibia, fibula fracture
Femur fracture
Hip fracture
Hip and knee replacement

Medical diseases

Heart failure/congestive heart failure
Myocardial infarction
Stroke
Nephrotic syndrome
Acute or chronic lung diseases
Antiphospholipid AC syndrome
Behçet’s disease
Myeloproliferative diseases
Paraproteinemia
Paroxysmal nocturnal haemoglobinuria
Inflammatory bowel diseases
Neurological diseases with paresis of the lower limbs
Leg amputation

Neoplastic disease
Permanent venous catheters

Thrombophilic abnormalities include the following individual factors: resistance to activated C protein (Factor V Leiden), which is found in 3-7% of the general Caucasian population; prothrombin
G20210A mutation, which is found in 2-5% of the general population; antiphospholipid antibodies (anticardiolipin antibody and lupus anticoagulant); deficiency or dysfunction of antithrombin, C
protein, S protein or heparin cofactor II; dysfibrinogenemia; decreased levels of plasminogen and its
activators; heparin-induced thrombocytopenia; hyperhomocysteinemia, frequently associated with
mutation of methylenetetrahydrofolate reductase (MTHFR), which is found in 8-10% of health controls; myeloproliferative alterations, such as true polycytemia and primary thrombocytosis. The clinical
penetration of these thrombophilic conditions, i.e. the frequency with which carrier subjects experience thrombotic events, is variable, being a maximum of 60-70% due to antithrombin II deficit and
decreasing for the other conditions, up to 8-10% in subjects who carry the factor V Leiden mutation.
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Many subjects may have multiple risk factors and it is a cumulative risk. For example, elderly
subjects with hip fractures undergoing major orthopaedic surgery, who remain in bed after the procedure, are the most exposed to a lethal PE (Consensus on Compression - CTG 2009).
One significant example of individual risk stratification is the one used by the Region of
Tuscany, which is graduated based on their weight detected in the literature (Anderson FA jr et
al. 2003; Di Minno G et al. FAST study 2005; Samama MM et al. 2006; Tuscany Region recommendation 2015) and subdivided into high degree of risk (2 points) and mild-to-moderate
degree of risk (1 point). As regards the low mobility factor, the Region of Tuscany considered
only total immobility >3 days and assigned it a score of 1.5 (Hull RD et al. EXCLAIM study
2010; Tuscany Region recommendation 2015), while a score of 3. has been assigned to severe
trauma (Table 3).
Table 3 - Region of Tuscany: additional risk factors for thromboembolic disease
1 point per item

1.5 points per item

3 points per item

- Acute inflammatory bowel disease
- Respiratory failure / COPD exacerbations
- Acute myocardial infarction
- Obesity (BMI > 30)
- Contraceptive hormones and postmenopause hormone replacement therapy
from the first month of treatment and for 30
days after suspension
- Congenital heterozygous thrombophilia*
- Significant varices (chronic venous
insufficiency)
- Family history of VTE
- Presence of CVC
- Nephrotic syndrome
- Recent (< 1 month) surgery / trauma
- Acute infectious disease
- Lower limb plaster cast

Immobility (> 3 days)

Severe trauma (especially with
spinal cord, pelvis and lower
limb fractures)

2 points per item
- Hemiplegia or paraplegia due to neurological damage
- Cancer in the active phase
- Respiratory failure with non-invasive mechanical ventilation
- Chemotherapy or radiotherapy or hormone therapy
- NYHA class III - IV heart failure
- Personal history of venous thromboembolism
- Major innate thrombophilia **
- Antiphospholipids antibody syndrome
- Myeloproliferative syndrome
- Sepsis
- Pregnancy or maternity (< 6 weeks from delivery)

* Heterozygous for factor V-Leiden
** Defect in antithrombin, C and S proteins, homozygous for factor V-Leiden or G20210A prothrombin or double
heterozygous

The age and type of procedure are considered separately in the final VTE risk score. For age,
the risk has been considered to increase starting from 40 years, to double for each subsequent
decade (Anderson FA jr et al. 2003; Tuscany Region recommendation 2015). Therefore, the score
of 0.5 points has been attributed for ages between 40 and 60 years, 1 point for ages between 60
and 75 years, 1.5 points for age >75 years (Di Minno G et al. FAST study 2005; Tuscany Region
recommendation 2015). The type of procedure is classified at low (0 points), medium (1 point)
and high risk (2 points). Depending on the VTE risk level reached by the patient, the prevention
strategy is associated and characterised by a type of prophylaxis, administration times and duration (Table 4).
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Table 4 -Region Tuscany’s VTE risk prevention algorithm
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Each patient, upon entering the hospital, is assessed for his or her thrombotic and bleeding risk by
using preset Risk Assessment Models (RAMs) such as Wells’s DVT clinical probability score (Table 5).
Table 5 - Wells’s score
CLINICAL CHARACTERISTICS

SCORE

ACTIVE CANCER (current treatment < 6 months; palliative)
PARALYSIS, PARESIS, RECENT LOWER LIMB PLASTER CAST
BED CONFINEMENT > 3 days or MAJOR SURGERY within 4 weeks
LOCALIZED PAIN (along the deep venous system distribution)
WHOLE LOWER LIMB OEDEMA
CALF OEDEMA >3 CM (10 cm under the tibial tuberosity with respect to the non-symptomatic limb)
OEDEMA (greater in the symptomatic limb)
PRESENCE OF COLLATERAL SUPERFICIAL (non-varicose) VEINS
ALTERNATIVE DIAGNOSIS

1
1
1
1
1
1
1
1
-2

Final assessment: high probability score > 3 >70% of possible DVT
medium probability score 1-2 15-30% of possible DVT
low probability score 0 / neg 3-10% of possible DVT

As regards surgical patients, high-risk procedures are neurosurgery, major orthopaedic leg surgery, thoracic, abdominal or pelvic surgery for tumours, cardiovascular surgery and kidney transplants (CIF Guidelines 2013). For this reason, different RAMs have been proposed. A good thrombosis risk predictor is Rogers’ score (Table 6), which assesses the type of procedure, the patient’s
characteristics and some laboratory findings to stratify risk as very low (score < 7; risk 0.1%), low
(score 7-10; risk 0.5%) and moderate risk (score > 10; risk 1.5%) (Rogers SO et al. 2007).
Table 6 - Calculation of Rogers’ Score
Variable
Pulmonary and hemic surgery

Score
9

Thoracoabdominal aneurysm, embolectomy/thrombectomy, venous reconstruction, and endovascular repair surgery

7

Aneurysm surgery
Mouth or palate surgery
Stomach or intestines surgery
Integument surgery
Hernia surgery
American Society of Anesthesiologists (ASA) physical status classification 3, 4, or 5
ASA physical status classification 2
Female
Work relative value unit > 17
Work relative value unit 10−17
Disseminated malignancy
Chemotherapy for cancer in the last 30 days
Serum sodium > 145 mmol/L pre-op
Transfusion > 4 U packed red blood cells within 72 h pre-op
Dependency on ventilator
Wound class (clean/contaminated)
Hematocrit ≤ 38% pre-op

4
4
4
3
2
2
1
1
3
2
2
2
2
2
2
1
1
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Bilirubin > 1.0 mg/dL pre-op
Dyspnea
Albumin ≤ 3.5 mg/dL
Emergency operation
ASA physical status classification 1
Work relative value unit < 10
Male
Interpretation of Rogers’ Score
Score 1-6: Low - Score 7-10: Moderate - Score > 10: High

1
1
1
1
0
0
0

Unlike the previous score, Caprini’s score (Table 7) has been validated in a large retrospective
cohort and stratifies the VTE risk in very low (0 points) or low (1-2 points), therefore not requiring
specific prophylaxis or mechanical prophylaxis; moderate (3-4 points), associated with a thrombosis risk ≈ 3.0% and which requires pharmacological or intermittent pneumatic compression (IPC)
prophylaxis if at high bleeding risk; high (≥ 5 points), with a thrombosis risk ≈ 6.0%, for which an
association between pharmacological and mechanical prophylaxis is recommended, possibly with
IPC (Caprini JA 1991-2005-2010; Bahl V et al. 2010).
Table 7 - Calculation of Caprini’s Risk Score
5 points

3 points

2 points

1 point

q Stroke (in the previous
month)
q Fracture of the hip,
pelvis, or leg
q Elective arthroplasty
q Acute spinal cord injury
(in the previous month)

q Age≥ 75 years
q Prior episodes of VTE
q Positive family history
for VTE
q Prothrombin 20210 A
q Factor V Leiden
q Lupus anticoagulants
q Anticardiolipin
antibodies
q High homocysteine in
the blood
q Heparin induced
thrombocytopenia
q Other congenital or
acquired thrombophilia

q Age: 61-74 years
q Arthroscopic surgery
q Laparoscopy lasting
more than 45 minutes
q General surgery lasting
more than 45 minutes
q Cancer
q Plaster cast
q Bed bound for more
than 72 hours
q Central venous access

q Age 41-60 years
q BMI > 25 Kg/m2
q Minor surgery
q Oedema in the lower
extremities
q Varicose veins
q Pregnancy
q Post-partum
q Oral contraceptive
q Hormonal therapy
q Unexplained or
recurrent abortion
q Sepsis (in the previous
month)
q Serious lung disease
such as pneumonia (in the
previous month)
q Abnormal pulmonary
function test
q Acute myocardial
infarction
q Congestive heart failure
(in the previous month)
q Bed rest
q Inflammatory bowel
disease

Interpretation of Caprini’s Risk Score
Score 0-1: Low risk - Score 2: Moderate risk - Score 3-4: High risk - Score ≥ 5: Highest risk

Both RAMs are mentioned in ACCP guidelines and for general, gastrointestinal, urologic,
gynaecological, bariatric, vascular, plastic and reconstructive surgery. The recommendations for
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the prevention of VTE are identical (Guyatt GH et al. ACCP 2012). The need to adapt prophylaxis to the VTE risk level is widely reported in the literature, as shown by the multicentric
observational study conducted by Lobastov K et al. (2016) on a group of patients who underwent
high-risk surgical procedures (48% abdominal surgery and 52% cranial or spinal surgery), with
an average Caprini score of 9.5 + 2.7 (range 5-15) and treated with a standard low-dose UFH
prophylaxis three times a day and graduated compression knee socks (GSC) with 18-21 mmHg
pressure. This shows a DVT in 28% of the cases, with an increasing incidence in Caprini’s score:
5-8 in 2% of patients, 9-11 in 26% of patients and 12-15 in 65% of patients. The cutoff point
for the highest sensitivity and specificity was a Caprini score of 11. PE was observed in 9% of
cases, all deriving from DVT.
The use of the “Padua Prediction Score” (Barbar S et al. 2012) is recommended in medical patients for the stratification of individual risk, which classifies patients into high-risk patients, for
whom prophylaxis with anticoagulants is recommended (or IPC in case of bleeding problems) and
low-risk patients, for whom a specific prophylaxis is indicated. (Table 8).
Table 8 - Padua Prediction Score
RISK FACTORS
Active cancer 3
Previous VTE (superficial VTs excluded)
Reduced mobility (at least 3 days, with possibility of bath)
Known thrombophilic condition
Recent trauma or surgery (less than 1 month)
Old age (70 years or more)
Heart or respiratory failure
Acute myocardial infarction or ischemic stroke
Acute infection or rheumatic disease
Obesity (BMI ≥30)
Ongoing hormone treatment
High-risk for a score ≥4 (Barbar et al.)

SCORE
3
3
3
3
2
1
1
1
1
1
1

There exist also computerized RAMs such as the Kucher model (Tab. 9), which uses 8 common
risk factors, with a final score stating the increased risk of hospitalized VTEs with a score > 4. For
these patients, the prevention protocol with pharmacological and mechanical therapy (antiembolism stockings, GCS and IPC) is started (Kucher N et al. 2012).,

cancer
prior VTE, hypercoagulability
surgery
age
obesity
bed rest
hormone replacement therapy

Tab. 9 - Kucher model
3 points
2 points
1 point

Basal bleeding risk of patients admitted to hospital is not easy to determine and available data
are not many. A list of risk factors is included in 2010 NICE guidelines. (Tab. 10)
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Tab. 10 - Bleeding risk factors
— Ongoing bleeding
— Acquired coagulopathies (e.g. liver failure)
— Use of anticoagulants
— Anaesthesia by lumbar/epidural/spinal puncture expected within 12 hours
— Lumbar/epidural/spinal puncture performed in the previous 4 hours
— Acute stroke
— Thrombocytopenia (platelets < 75 x 109/l)
— Uncontrolled high blood pressure (230/120 mmHg or higher)
— Unproperly treated congenital haemorrhagic diseases (such as haemophilia and on Willebrand disease)
From NICE guidelines (with changes)

ACCP guidelines (Gould MK et al. ACCP 2012) (Gould, 2012) obtain data by analysing the results of
placebo-treated or non- prophylaxis patients in randomized prophylaxis clinical trials that exclude
subjects deemed to be at increased bleeding risk. In an analysis of available studies related to VTE
prophylaxis in surgery, the risk of major bleeding in control groups is 1.2% (95% IC, 0.9%-1.7%).
In another metanalysis (Leonardi MJ et al. 2006) (Leonardi, 2006), the average risk of wound haematoma
requiring reintervention is approximately 0.7%. Decousus H et al. (2011) analysed data of the
IMPROVE study to verify the incidence of haemorrhage in hospitalized acute patients and the
connection with risk factors upon admission to hospital. The cumulative incidence of major and
non-major bleeding within 14 days from admission was 3.2%. The most relevant and independent
risk factors upon admission in the multivariate analysis were:
acute gastroduodenal ulcer (OR, 4.15; IC 2.21 - 7.77), prior haemorragic event (OR, 3.64; IC
2.21 - 5.99), and reduction in the number of plate lets (OR, 3.37; IC, 1.84 - 6.18). Other risk
factors werw: old age, liver or renal failure, admission to intensive care unit, presence of a central
venous catheter, rheumatic disease, cancer and the male sex.
Based on these results, the authors developed a score to estimate haemorrhagic risk (Tab. 11); in
their opinion, a score < 7 corresponds to a low risk of bleeding.
Tab. 11 - Bleeding Risk Score points assigned to each independent factor identified
with the Multiple Logistic Regression Model
Bleeding Risk Factors
Points
1
Moderate renal failure, GFR 30-59 vs > 60mL/min/m2
1
Male vs Female
1,5
Age, 40-84y vs < 40 y
2
Current cancer
2
Rheumatic disease
2
Central venous catheter
2,5
ICU/CCU
2,5
Severe renal failure, GFR < 30 vs > ro mL/min/m2
Hepatic failure (INR > 1,5)
2,5
Age, > 85 y vs < 40 y
3,5
Platelet count < 50 x 109 cells/L
4
Bleeding in 3 mo before admission
4
Active gastroduodenal ulcer
4,5
Da Decousus et al CHEST 2011

Contraindications to the use of pharmacological prophylaxis for VTE are reported as absolute
or relative, but there are differences among the indications of the different guidelines even for
the definition of the absolute ones. For instance, a number of platelets <20,000/uL is an absolute
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contraindication, for the NICE guidelines, while for the Intensive Care guidelines the absolute
contraindication cutoff for thrombocytopenia rises to <50,000/uL. The indications for the use of
pharmacological prophylaxis for VTE in patients with haemorrhagic and/or ischemic stroke are
even more uncertain. According to the Intensive Care guidelines, the indication is to wait 2 weeks
after the ischemic and/or haemorrhagic event before starting pharmacological prophylaxis for VTE,
while according to the Società Italiana per lo Studio dell’Emostasi e della Trombosi guidelines
(Ageno W et al. 2009) (Ageno 2009) pharmacological prophylaxis in patients with ischemic stroke shall
start no later than 48 hours after the event, given the very high risk of VTE. For patients with haemorrhagic stroke, the indication has no precise time criteria, given the need to assess the bleeding
risk trend on clinical and instrumental data. Data sheets (MA) of medicines used in prophylaxis
for VTE (LMWH and fondaparinux) contain absolute contraindications and inconsistent warnings regarding use. However, it should be highlighted that data sheets also use generic terms such
as “clinically significant bleeding” or “organic injuries at risk of bleeding”, therefore, the decision
whether to start or not prophylaxis is based, in any case, on an individual assessment of the bleeding
risk/thrombotic risk balance.
Regione Toscana classifies contraindications and relevant recommendation as shown in tables
12-13.
Tab. 12 - Contraindications to pharmacological prophylaxis for VTE
Absolute contraindications
• Transitory: - ongoing bleeding (brain and/or gastrointestinal and/or genito-urinary);
- Thrombocytopenia (<20,000/µL);
- neurosurgery or eye surgery;
- lumbar puncture, lumbar or epidural anaesthesia in the previous 4 hours or expected within 12 hours after administration. For
thrombocytopenia between 20,000 and 50,000/µL, the indication is to individually assess the bleeding risk/thrombotic risk balance.
• Permanent: - untreated congenital coagulopathies (NICE 2010) (serious haemophilia and Von Willebrand disease).
As for bleeding risk related to procedures, the Intensive Care guidelines recommend to administer pharmacological
prophylaxis for VTE always in the evening after 06 pm, since most procedures at bleeding risk are performed in the
morning or in the first hours of the afternoon. This time allows to limit both procedure-related bleeding risk and the
number of anticoagulant doses to be administered.
Relative contraindications
They shall be assessed case by case;
• Acquired coagulopathies (liver failure where an INR increase >1.5 can combine with thrombocytopenia);
• brain metastases or brain angiomas at risk of bleeding (with reference to the result of 2nd level morphological tests
such as CT angiogram or MR);
• haemorrhagic/ischemic stroke; • gastric and/or genitourinary or eye bleeding in the previous 14 days;
• 3rd degree high blood pressure (230/120 mmHg) (NICE 2010);
• acute infectious endocarditis (if not related to mechanical prostheses).
Tab. 13 - Regione Toscana’s recommendations
• In all patients needing pharmacological antithrombotic prophylaxis, the assessment of thrombotic risk must always
be accompanied by the assessment of bleeding risk, identifying absolute contraindications (permanent or transitory)
and relative contraindications (evidence VI A).
• In patients for which pharmacological prophylaxis cannot be performed, mechanical prophylaxis must be applied
with graduated compression elastic stockings and/or intermittent pneumatic compression (evidence I A).
• When the contraindication is “transitory”, if thrombotic risk persists, pharmacological prophylaxis must start as
soon as bleeding risk is under control (test I A).
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The approach to prophylaxis for VTE in individual patients has two different ways: indiscriminate prophylaxis for all patients belonging to a certain procedural risk group, for instance
patients undergoing general surgery or orthopaedic surgery (Gould MK et al. ACCP 2012) or
assessment of thromboembolic risk in individual patients, based on both the risk associated with
the patient’s morbid condition or the procedure the patient is undergoing and individual predisposing factors.
There are different reasons for the indiscriminated option: first of all, although the role of an
increasing number of patient-specific risk factors has been recognized in affecting VTE, the main
factor is still the reason why the patient is admitted to hospital, i.e. surgery or an acute medical
condition. Moreover, according to the authors, it is currently not possible to identify with certainty, within the different groups, subpopulations of patients who do not need antithrombotic
prophylaxis. Moreover, the subdivision into risk groups is the basis for most clinical trials on VTE
prevention, while the individual approach still lacks strong clinical validation and is more complex
and difficult to adopt without an effort by institutions in implementing prevention strategies.
The individual approach to VTE prophylaxis is based on risk assessment in individual patients.
To that end, several more or less complex risk stratification models have been proposed (Risk Assessment Models, RAM), which take into account both patients’ individual characteristics (predisposing factors) and ongoing morbid conditions (exposure factors) (Cohen AT et al. 2005; Thromboembolic Risk Factors (THRIFT) Consensus Group 1992; Kucher N et al, 2009; Tuscany Region
recommendation 2015). While in surgical patients the stratification of individual VTE risk, based
both on the type of surgery and predisposing factors (age, known thrombophilia, malignancies,
VTE history), allows to identify patients who may benefit from antithrombotic prophylaxis and
the prophylaxis optimum dosage and duration, the stratification of VTE risk is more problematic
in medial patients. Difficulties arise from several elements: first of all, from the diversity of patients
due to their complexity (multiple diseases and old age); secondly, from the frequent presence of
high bleeding risk. In medical patients, there are also other intrinsic difficulties: often difficult early
diagnosis, the fact that patients are often asymptomatic for VTE, the low sensitivity of non-invasive
techniques, the fact that PE is often the first sign of ongoing thrombosis and the wide differential
diagnosis.
Moreover, clinical studies on medical patients are less numerous than studies on surgical patients
and their results are often not comparable, due to the diversity of study designs and techniques used
for DVT diagnosis. An ideal model should allow to accurately identify patients at risk of VTE,
classifying them into risk categories to be used to establish the most adequate thrombo-prophylaxis strategy, and exclude patients for which prophylaxis does not have a favourable risk-benefit
balance. Moreover, these models should be based on available tests, adequately validated and easy
to use in clinical practice. Recently, one of these models, based on an electronic alarm system has
been prospectively validated: the implementation of this system in clinical practice, associated with
continuing education of medical staff, has substantially increased the application of antithrombotic
prophylaxis in hospitalized medical patients (Kucher N et al. 2009).
The effectiveness of these standardized protocols has been proved by Cassidy MR et al. (2014) in
a group of patients undergoing general or vascular surgery and a prevention protocol of VTE based
on the Caprini Risk Score and characterized by pharmacological prevention with LMWH and IPC,
associated with early mobilisation with the request to get up three times a day starting from the
surgery day (if possible). The study, carried out on the basis of the results of the National Surgical
Quality Improvement Program (NSQIP), compared the incidence of VTE two years before and
two years after the protocol implementation, showing a significant reduction in the incidence of
VTE from 3.41% to 0.94% (p <0.05), and in particular a reduction in DVT by 84%, from 1.9%
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to 0.3% (p <0.01), associated with a reduction in PE by 55%, from 1.1% to 0.5% (p <0.01). The
duration of prophylaxis for VTE depended on the Caprini Score and continued also after discharge
from hospital: from 7-10 days in high risk cases (score 5-8) to 30 days in very high-risk cases (score
>9).
Besides, it is important to use the most reliable protocol: the modified version of the Caprini
Score has been widely validated in the Western population, both for surgical and medical patients.
Moreover, it has been translated into 12 languages. A retrospective study by Zhou HX et al. (2012)
compared the Caprini Model with the Kucher Model and the Padua Prediction Score in a group
of patients admitted to the West China Hospital. The result shows a significance difference (p
<0.0001) between patients with low or moderate risk of the Caprini Model (21.6%) compared to
the Kucher Model (91,1%) and the Padua Prediction Score (76,7%), a risk degree where prophylaxis for VTE is not recommended. This is probably due to the fact that the Kucher Model has only
8 risk factors and the Padua Prediction Score has 11 risk factors, while the Caprini Model is based
on 40 risk factors.
The Regione Toscana experience (December 2009), promoted by Centro Gestione Rischio
Clinico e Sicurezza dei Pazienti, is based on four paths: orthopaedics and traumatology, internal
medicine, general surgery and intensive care. It is an easy-to-use protocol that allows to establish
individual risk (predisposing factors + contributing risk factor) and the subsequent prophylaxis to
adopt in the individual patient, by filling in a form to be included in medical records. The prophylaxis form has been tested in 23 internal medicine OUs in Tuscany for 15 days in 1,648 consecutive
patients and included in medical records for physicians to fill it in upon patient admission to the
unit. No difficulties arose in the use and no participants reported excessive time wasting. The use
of the form allowed to recognize 68% of patients admitted with the indication for pharmacological prophylaxis; 30% of them were to be considered at very high risk, so much to provide for the
addition of prevention physical means. The patients often suffered from several diseases, with 40%
of them showing more than three risk factors. The results show that a VTE prophylaxis is indicated
for most patients hospitalized in units of internal medicine in Tuscany given the average old age and
the presence of several diseases.
The individual assessment should be reviewed whenever there is a significant change in
clinical conditions that may increase thrombotic risk or bleeding risk.
Effects of compression therapy in VTE prophylaxis
Antiembolism stockings
The first studies on the effectiveness of antiembolism stockings in preventing VTE events were
published by Sigel B et al. in 1973 and 1975. They defined optimum ankle pressure as 18 mmHg
and pressure applied to the tight as 8 mmHg with the patient in clinostatic position. These values
have been confirmed as optimum values in VTE prophylaxis by several subsequent studies and still
represent the reference pressure for all antiembolism stockings.
The main mechanism of action for prophylactic effectiveness is the increase in venous flow speed
at rest: Partsch H. et al. proved in 1983 and 1985 a significant increase in venous flow speed with
antiembolism stockings compared to control groups, by isotopic phlebography with measurement
of the average passage time of Tc-microspheres from the iliofemoral venous tract and vena cava. A
study by Mariani F. et al. (2006) shows that antiembolism knee stockings significantly increase the
speed of popliteus and femoral venous flow at rest and that this speed is further increased by the
activation of muscle pumps by foot dorsiflexion and respiratory gymnastics.
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Antiembolism stockings are manufactured with computerized circular looms by using polyamide
(Nylon®) and elastane (Lycra®) hypoallergenic yarn in different ratios, depending on the manufacturer (for instance, 74% polyamide and 26% elastane for sanaGens®, 82% polyamide and 18% elastane for Ganzoni Sigvaris®, 85% polyamide and 15% elastane for T.E.D.® Tyco Healthcare Kendall
stockings), and have a seamless white mesh structure, with a hole for foot inspection. Antiembolism
stockings can be washed and sterilized at 95°C for about 40 times. Contraindications are edema,
inflammation and induration phenomena, acute dermatitis, infectious and exudative dermatosis,
growing ulcers, obliterative arteriopathy of the lower limbs with peripheral perfusion index (W.I.)
<0.55, decompensated heart failure and lower limb size incompatible with available stocking sizes.
CEN regulations on antimbolism stockings (European Committee for Standardisation, draft
prEN 12719 “Medical Thrombosis Prophylaxis Stockings”, 1998), which correspond by and large
to regulations on therapeutic elastic stockings (CEN prEN 12718, WG2-CEN TC 205, RAL-GZ
387, French regulation NFG 30-102 B et seq.) envisages also that:
- there exist a single compression class;
- pressure applied to the ankle ranges between 13 and 18 mmHg, with a margin of ± 3 mmHg, to
have a prophylactic action and wear the stocking day and night without endangering peripheral
arterial perfusion;
- the pressure degressivity profile must be the following: 100% in B, 80-100% in B1, 60-80% in
C, 40-70% in F and G.
The ± 3 mmHg margin of applied pressure seems objectively excessive and antiembolism stockings of different manufacturers not always comply with the established pressure values, as shown by
a study by Thomas S. (1992) on 10 different brands, which showed that some of them went beyond
the tolerance limit even by 20%, with ankle pressure between 8 and 27 mmHg, and a more recent
study by MacLellan DG. (2002) on 4 brands, which shows that only one of them complied with
regulations. Therefore, future regulations shall reduce the tolerance limits on the one hand and, on the
other hand, control over the manufacture of such an important therapeutic aid shall be very strict, as it
is for therapeutic elasticated stockings.
Therefore, medical or paramedical staff supervision is fundamental, both in measuring the limb
circumference and the subsequent prescription of the relevant size (determining for prophylactic effectiveness) and in the selection of antiembolism stockings with the necessary guarantees of quality.
There are several scientific publications on the action of antiembolism stockings in preventing
VTE. Conclusions from the analysis of literature are the following:
- Antiembolism stockings must be worn by subjects at risk in the perioperative and postoperative
period for 24 hours and at least for four weeks or more, in case of postoperative complications
that prolong healing times, during long periods of bed rest and, in any case, always on doctor’s
prescription and orders.
- The use of antiembolism stockings significantly reduces the incidence of VTE following low
and medium risk surgery (recommendation degree B, Guidelines for the diagnosis and therapy of
diseases of the veins and lymphatic vessels - Italian College of Phlebology CIF).
- The association of antiembolism stockings and heparin is more effective than antiembolism
stockings alone in medium and high-risk patients (recommendation degree B, Guidelines for the
diagnosis and therapy of diseases of the veins and lymphatic vessels - Italian College of Phlebology
CIF).
- The effectiveness of antiembolism stockings is highly dependent on the quality and size prescribed on the basis of the circumference of the patient’s limb.
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- No significant differences have been found in the effectiveness of different antiembolism stocking models, therefore, except for particular cases, the knee model is sufficient.
- Antiembolism stockings can be sterilized (approximately 40 times) and used for several hospitalized patients.
- Antiembolism stockings provides sufficient compression for VTE prophylaxis only to bedridden
patients and, therefore, they must be associated with therapeutic elasticated stockings during
mobilisation as follows:
a) Compression 1st class therapeutic elasticated stockings must be worn over antiembolism
stockings during daily activities and walking (not at rest!) in subjects with low and moderate
VTE risk level, in case of moderate CVI (CEAP classes 0-1).
b) Compression 2nd class therapeutic elasticated stockings must be worn over antiembolism
stockings during daily activities and walking (not at rest!). in subjects with high and very high
VTE risk level and in the presence of medium-high chronic venous insufficiency of lower
limbs (CEAP classes 2-5).
c) If the physician considers it appropriate, therapy with 1st, 2nd or higher class therapeutic
elasticated stockings may continue for the treatment of CVI of lower limbs after the antiembolism stocking discontinuation.
Antiembolism stockings reduce the incidence of DVT and increase the protection granted by
UHF and LMWH compared to one or the other methods applied singly. Moreover, antiembolism
stockings fight venous stasis and increase venous return during abdominal insufflation for laparoscopic procedures.
Subjects with malignancies and other high risk general surgery conditions have not been sufficiently assessed to allow to draw firm conclusions on the effectiveness of antiembolism stockings in
these clinical situations. Another limitation is that some patients cannot actually wear antiembolism stockings given the size or the unusual size of their limbs.
The Consensus Conference promoted by the International Union of Phlebology in San Diego
in August 2003 and published in Vasa in 2004 with the title “Evidence based compression therapy”
concluded that, according to the analysis of literature data, antiembolism stockings are effective in
reducing VTE risk in hospitalized patients with an A-B recommendation degree.
Antiembolism stockings are aimed at bedridden subjects and do not apply effective pressure
when the patient sits or is in the orthostatic position or during movement. Therefore, they must
be associated or replaced by therapeutic stockings of a suitable class during mobilisation, if there
are additional risk factors besides surgery, such as thrombophilic conditions or lower limb varices
(Struckmann JR. et al. 1986, Cooke EA. et al. 1996, Partsch H. et al. 2000).
An example of how the need for and the way to use antiembolism stockings have been acknowledged is contained in the Guidelines of Regione Toscana, where they can be used in combination
with pharmacological prophylaxis or with IPC, in order to reduce the incidence of DVT. Less
well-understood is the benefit of antiembolism stockings in medical patients and, in particular,
their ineffectiveness has been proved in acute stroke patients. Antiembolism stockings must be kept
at least until discharge from hospital (or, in any case, until full patient mobilisation). Contraindications to their use are: serious peripheral arterial diseases of lower limbs (ankle pressure < 80mmHg
and W.I. < 0.5); peripheral neuropathies; lower limb deformities and dermatitis.
Precautions to be taken for their use are: choosing an appropriate size; putting them on with care
and in the right way; daily checking the leg circumference; not folding them up over the leg; taking
them off daily for no more than 30 minutes. (Tab. 14)
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Tab.14 Regione Toscana’s recommendations
• Antiembolism stockings for high bleeding risk (evidence I A).
• In surgical patients, antiembolism stockings can be used in combination with pharmacological prophylaxis to reduce the incidence of DVT (evidence I A).
• The use of antiembolism stockings is also indicated for patients in intensive care and patients classifiable as at very
high risk of DVT, regardless of the associated disease (evidence VI A).

Bandages
Bandaging of lower limbs in VTE prophylaxis, in spite of its frequent use, does not have significant literature data regarding its preventive effectiveness. The effects of bandaging on the venous
micro-vascular-tissue system and the treatment of superficial vein thrombosis (SVT) and deep vein
thrombosis (DVT) are well known, though there are no sufficient data for VTE prophylaxis in subjects at risk. Moreover, the application of bandages is operator-dependent and there are no reliable
and repeatable clinical methods to measure the pressure applied in each patient, its uniformity and
degressivity on the bandaged limb; other negative factors are the perishability of the material used
(higher than the antiembolism stockings materials) and the pressure drop few hours after the application (Raj TB. et al. 1980; Partsch H. et al. 2000). Therefore, bandaging can be indicated for VTE
prophylaxis only if performed by very skilled staff.
Intermittent pneumatic compression
Intermittent pneumatic compression (IPC) is one of the most frequently used prophylaxis
methods in the USA. It causes a significant increase in the speed and volume of venous flow in
all segments, in particular significantly higher than simply raising the bedridden patient’s lower
limbs (Lurie F. et al. 2003). Moreover, it causes an increase in tissue tcpO2, stimulates microcirculatory vasomotor activity and fibrinolytic activity, though less than pharmacological therapy. IPC
is used for DVT prevention in subjects at risk undergoing surgery or bedridden. The significant
reduction in the incidence of thromboembolic events is proved by several studies, among which
the studies by Hull RD. et al. (1990) and Pidala MJ. et al. (1992). Few studies have compared IPC
with antiembolism stockings: the results do not show highly significant differences, though there
is a slight superiority of IPC in surgical patients. The combination of IPC and heparin improves
results compared to the two methods used singly. Ramos R. et al. (1996) proved on 2,551 patients
undergoing cardiac surgery a reduction in the incidence of pulmonary embolism by 62% between
patients treated with heparin alone and those undergoing also IPC (reduction from 4% to 1.5%).
A 2016 Cochrane review of 22 trials (9,137 participants) including 15 randomized trials (7,762
participants) showed a low percentage of PE in studies that compared IPC alone with IPC combined with pharmacological prophylaxis. The incidence of symptomatic PE was 0.79% with IPC
versus 0.1-1 % with IPC combined with pharmacological prophylaxis (OR 0.49, 95% CI 0.18 to
1.34; 12 studies, 3,017 patients, moderate quality evidence). The incidence of DVT was 4.1% with
IPC and 2.19% in the IPC + pharmacological prophylaxis group (OR 0.52, 95% CI 0.33 to 0.82;
11 studies, 2,934 participants, moderate quality evidence). As for any kind of bleeding, the introduction of pharmacological prophylaxis increased risk: 4% in the combined group versus 0.66% in
the IPC group (OR 5.04, 95% CI 2.36 to 10.77; 7 studies, 2,155 patients, moderate quality evidence). Also, major bleeding showed overlapping results with 0.1% in the IPC group and 1.5% in
the combined group (OR 6.81, 95% CI 1.99 to 23.28; 7 studies, 2,155 patients, moderate quality
evidence). No significant differences were found for DVT between the different types of surgery, as
well as for orthopaedic patients and non-orthopaedic patients (p=0.16), while it was not possible to
do the same for the incidence of PE.
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A comparison between pharmacological prophylaxis alone and the combination of IPC and
pharmacological prophylaxis showed a reduction in symptomatic PE from 2.92% to 1.2% (OR
0.39, 95% CI 0.23 to 0.64; 10 studies, 3,544 patients, moderate quality evidence). There was also
a reduction in DVT from 6.2% of pharmacological prophylaxis to 2.9 of the combined treatment
(OR 0.42, 95% CI 0.18 to 1.03; 11 studies, 2,866 patients, moderate quality evidence) No increases in local bleeding were found for the combined treatment (bleeding: OR 0.80, 95% CI 0.30 to
2.14, very low-quality evidence; major bleeding: OR 1.21, 95% CI 0.35 to 4.18, very low-quality
evidence, 3 studies, 244 patients). No significant differences were found for the different types of
surgery in terms of incidence of PE (p=0.68) or DVT (p=0.10).
The authors’ conclusions (moderate quality evidence) suggest that the combined treatment
shows a better result in the incidence of DVT compared to IPC alone and in the incidence of PE
compared to anticoagulants. There are no differences in terms of PE incidence between the combined or single treatment and compression and in terms of DVT compared to anticoagulation
therapy alone; the combined therapy has a higher incidence of bleeding compared to IPC alone,
though both require further studies. The results of these reviews confirm the recommendations of
the current guidelines (Kakkos SK et al. Cochrane 2016) (kakkos).
Thrombosis prophylaxis in surgery is usually performed with the following parameters, although
there are no definitive data in the literature:
- minimum pressure 35 mmHg, maximum pressure 65 mmHg;
- chamber inflation time between 10 and 35 sec, more often between 10 and 12 secs;
- deflation time of approximately 60 sec.
The treatment is performed from entering the operating room to the patient’s active mobilisation and repeated for at least two weeks on the bedridden patient.
In addition to the typical contraindications of compression therapy, IPC cannot be performed
on patients requiring surgery on the lower limbs, although sleeves can be applied on the unoperated
limb or only up to the knee, actually keeping the therapeutic action unchanged.
The action of foot pumps or plantar pneumatic compression (PPC) is based on the action of a
plantar pneumatic cushion that provides intermittent pressure to empty plantar venous plexuses. The cushion acts only on the sole of the foot and pressure applied is approximately 100-160
mmHg; the cycle duration is quite short and corresponds to the contact time of the sole with the
ground while walking, ranging from 0.4 to 2 seconds at most, with a global time between inflation
and deflation of approximately 20 seconds. Although the method is seldom used, it proved to be
effective in increasing venous flow speed, reducing venous edemas and in VTE prophylaxis, but
studies are too few to draw significant conclusions.
An example of how the need for and the way to use IPC have been acknowledged is contained
in the Guidelines of Regione Toscana, where it is usually used before, during or after surgery (in
combination or without antiembolism stockings) and is kept until patient mobilisation.
This procedure may be poorly tolerated by the patient due to the discomfort caused by intermittent compression. Studies on IPC for DVT prevention in both orthopaedic and surgical patients
showed a risk reduction, while weaker evidence is available for medical patients. Observational studies
confirmed the reduction in re-hospitalization for VTE after elective hip surgery. A randomized, controlled trial showed that the combined use of IPC and LDUH reduces PE risk in patients undergoing
cardiac surgery from 4% to 1.5%. The use of IPC should be preceded by a venous Doppler ultrasound
examination of lower limbs in order to rule out subclinical and asymptomatic DVT. IPC may be preferred in patients at risk of bleeding or in case of risk related to pharmacological prophylaxis or its
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benefit is not clear. On the other hand, it is contraindicated in patients at risk of skin lesions and/
or lower limb ischaemic pathologies and peripheral neuropathy. Moreover, if improperly used, they
can be a vehicle of infection among patients. (Tab.15)
Tab.15 - Regione Toscana’s recommendations
• IPC is indicated in DVT prophylaxis in surgical and intensive care patients (evidence I A).

Another interesting model is IPC Active Care (Medical Compression Systems, Or Akiva, Israel)
which is a portable device that works while walking. Its rooms are connected to a 740-gr light pump
equipped with a battery that can work for six hours before needing recharging. ActiveCare+S.F.T. is
a sequential filling and emptying system synchronized with the the patient’s breath and venous flow,
while ActiveCare+DTx can also detect flow changes which might indicate an occlusion. This device
can increase the venous flow peak up to 66%, with a maximum insufflation pressure of 50mmHg.
Pressure is applied for eight seconds, followed by a decompression between 36 and 56 seconds. It
is used during surgery, hospitalization periods and even at home. It comes in any combination for
foot, calf and thigh for one or both limbs and includes a monitor recording the patient’s use as
well as therapy compliance. The reported results are set out below under the orthopaedic surgery
section. ActiveCare devices are not yet licensed by Health Canada. In the US, they have the FDA
510(k) approval (substantially equivalent to similar devices) as a Class II device for prescription use
only. They are also commercially available in Europe and elsewhere. Other portable compression
devices with Class II licences (marketing allowed) from Health Canada include Venowave (Saringer
Life Science Technologies, Stouffville, Ontario); Restep DVT (Stryker Sustainability Solutions,
Tempe, Arizona); VenaPro (InnovaMed Health, San Antonio, Texas); and Kendall SCD 700 Sequential Compression System (Covidien, Mansfield, Massachusetts). (Colwell CW Jr et al. 2010;
Hardwick ME et al. 2011; ActiveCare+SFT®2012).
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General surgery and oncology

Venous thromboembolism (VTE) is a frequent cause of death in hospitalized patients and about
1/3 of fatal pulmonary embolisms (PE) occurs after surgery (Gangireddy C et al. 2007).
Total DVT incidence in general surgery in the absence of prophylaxis is 15-40% of cases, out
of which 25-30% of the times DVT is proximal, associated with clinical symptoms and at risk of
producing a pulmonary embolism (PE), while 10-20% of leg DVT extends along proximal veins
(iliac-femoral district) and can cause PE. The latter is fatal in 0.2-0.9% of cases. However, most
post-surgical VTE occurs after discharge in a period varying from 2 weeks up to about 2-3 months
after the surgical procedure. Therefore, not only does a lack of prophylaxis complicate and prolong
hospitalization, but it also results in repeated admissions. VTE prophylaxis rationale in surgery
starts with the analysis of individual risk factors related to the procedure. The patient’s specific risk
factors include age (> 60 years), a previous episode of VTE, obesity, varicose veins, oestro-progestogen use, neoplasia, immobilization, pregnancy, puerperium, septic state and the presence of a
venous central catheter (Gould MK et al. ACCP 2012). Those related to the procedure include
laparoscopic cholecystectomy, appendectomy, TURP, inguinal hernioplasty, unilateral or bilateral
mastectomy and are considered at low thrombotic risk, while abdominal or pelvic surgery with an
‘open’ technique are associated with a higher VTE risk (CIF Guidelines 2013). The risk appears
to be further increased if abdominal-pelvic surgery is performed to remove a neoplasm (Agnelli G
et al. ACCP 2006). A study by De Martino RR et al. (2012) on the incidence of VTE within 30
days on 43,808 patients undergoing one of these surgeries for tumors (mastectomy, hysterectomy,
prostatectomy, colectomy, gastrectomy, lung resection, hepatectomy, pancreatectomy, cystectomy,
esophagectomy and nephrectomy) showed that DVT and PE are highly dependent on the type
of tumor and the resulting resection amplitude: it ranges from DVT 0.19% - PE 0.12% - VTE
0.28% for mastectomy to DVT 6.1% - PE 2.4% - VTE 7.3% for esophagectomy. Compared to
mastectomy, VTE incidence is 1.31 times larger in a gastrectomy (p = 0.4) and up to 2.68 times in a
hysterectomy (p = 0.002). The independent risk factors include the patient’s status, steroid use, old
age (>60 years), obesity (BMI > 35 kg/m2), blood transfusions, reintubation, cardiac arrest, post-op
infections, prolonged hospitalization.
Liem TK et al. (2010) reported that in patients with prior DVT, perioperative symptomatic
recurrence is common and is associated with high-risk procedures. A longer time interval between a
DVT episode and subsequent surgery may decrease the risk of recurrence, but large clinical trials are
needed to confirm this. A total of 372 patients with prior DVT underwent 1081 subsequent surgical procedures. One hundred nine patients undergoing 211 procedures had a follow-up venous
duplex scan within 30 days after surgery. Of them, 46% received an inferior vena caval (IVC) filter,
and PE were diagnosed in 3 patients (<1%). Overall, 24% of the patients developed DVT extension or new-site DVT in the perioperative period. The median time interval between the original
DVT and surgery was 1.5 weeks in patients with DVT recurrence and 4 weeks in patients without
recurrence (P = 0.22, Mann-Whitney). High-risk surgeries were associated with a >three-fold increased risk for recurrence, when compared with low-risk procedures (34% vs 11%; P = 0.009, c2).
Perioperative VTE recurrence was not influenced by the location of the original thrombus or other
VTE risk factors.
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The ACCP Consensus Statement provides guidelines regarding the perioperative management
of anticoagulation in patients with prior VTE. Patients are stratified according to the time interval
between the original DVT or PE and the subsequent surgery: <3 months is considered high-risk, 3
to 12 months is considered moderate-risk, and >12 months is considered low-risk for perioperative
VTE recurrence. (Guyatt GH et al. ACCP 2012)
Although it is based on the ACCP physician practice guidelines, there are some surgical procedures that have not been studied with regard to optimal perioperative VTE prophylaxis. There
are some surgeries for which ACCP recommendations differ from the guidelines published by
other surgical specialties. For example, ACCP has recommended against the use of aspirin as venous thromboprophylaxis for any patient group. However, the American Academy of Orthopedic
Surgeons lists aspirin as an acceptable option for prophylaxis against symptomatic PE in selected
patients who undergo total hip or knee arthroplasty. In another example, the Society of American
Gastrointestinal and Endoscopic Surgeons have published thromboprophylaxis guidelines that recommend mechanical and/or pharmacologic prophylaxis for certain laparoscopic procedures, even
when clinical VTE risk factors are absent. This is in contrast to the ACCP recommendations against
the routine use of thromboprophylaxis in lower-risk patients who undergo entirely laparoscopic
procedures.
In the VTE risk stratification algorithm regarding the procedure hazard class, Tuscany Region
(2015) takes into account the complexity of the intervention (e.g. the risk increases for highly complex oncological pathologies associated with extended lymph node dissections), the total duration
of the intervention (procedures longer than 30-40 minutes always result in higher risk), intervention area (pelvic surgery presents a higher risk), target organ (pancreatic and prostatic surgery result
in higher risk), laparoscopic access (prolonged pneumoperitoneum represents a risk factor). The
type of anesthesia is not to be overlooked either (< risk for spinal / epidural anesthesia). (Table 1)
Risk
Low
(score 0)

Medium
(score 1)

Table 1 - VTE risk dimension related to anatomical district and type of intervention.
District
Procedure
Neck
Exeresis of congenital neck cysts, lymph node Biopsies,
Parathyroidectomy, Hemithyroidectomy
Total thyroidectomy, Zenker’s Diverticulectomy, Esophageal
anastomosis remake
breast and
Simple lesion exeresis, Simple quadrantectomy (+/SLNB)
teguments
Pilonidal cyst
chest
Mediastinoscopy, thoracoscopy
abdomen and pelvis
Cholecystectomy (Open/VLS), Appendectomy (open/VLS),
Umbilical hernioplasty (open/VLS), VLS Laparocele plastic surgery,
Open inguinal/crural hernioplasty, open plastic surgery for small
laparocele, Ileostomy/colostomy closure, Adnexal surgery (open/VLS),
Other minor female pelvic surgery
rectum-anus
Hemorrhoidectomy, STAR, Fistulotomy/fistulectomy,
Sphincterotomy, Perianal abscess drainage,
Local exeresis of anorectal lesions, Prolassectomy according to
Delorme
limbs
FAV package for haemodialysis, Saphenectomy
Neck
Cervical radical lymphectomy
Breast

Quadrantectomy + axillary lymphectomy, Mastectomy (+/- axillary
lymphectomy),
Complex breast reconstructions, Bilateral breast reduction
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Chest
abdomen and pelvis

rectum-anus

High
(score 2)

Limbs
Chest

abdomen and pelvis

Bullectomy, simple exeresis of mediastinal lesions, atypical resections
(open/VATS)
Cholecystectomy + VLS/ERCP choledochotomy, fundoplication
(open/VLS)
esophageal myotomy (open/VLS), VLS surrenectomy, splenectomy
(open/VLS)
PSC-jejunostomy (open/VLS), Total nephrectomy (open/VLS), Partial
nephrectomy (open/VLS)
VLS inguinal/crural hernioplasty, Viscerolisis (open/VLS), Simple
hysterectomy
Plastic surgery for rectovaginal fistula, Complex excisions of rectal
lesions, Prolapsectomy according to Althmeier
Leg-thigh amputation
Pulmonary lobectomy (open/VATS), Pneumonectomy (open/VATS),
Thymectomy (open/VATS)
Esophagectomy (open/VATS)
Subtotal gastrectomy (open/VLS), Total gastrectomy (open/VLS),
Gastric banding VLS
VLS McLean gastroplasty, VLS Sleeve resection, VLS gastric bypass
Other procedures for pathological obesity, Small intestine resection
(open/VLS)
Colonic resection (open/VLS), Rectal resection (open/VLS),
PEatectomy (open/VLS)
Complex procedures on VBP (open/VLS), Surrenectomy (open/TAL),
Pancreatectomy (open/VLS)
Aortic aneurysmectomy, Radical hysteroannessiectomy (open/VLS),
Radical prostatectomy
Radical cystectomy

SLNB: Sentinel lymph node biopsy VLS: videolaparoscopy VATS: Video Assited Thoracic Surgery TAL: ThoracoAbdominal-Laparotomy

As stated above, there are some usable RAM, while the ACCP Guidelines indicate the Caprini
Score and Rogers Score in their recommendations.
If on the one hand the widespread use of prophylaxis, early mobilization and some further precautions in the perioperative stage have reduced the risks of thromboembolism, on the other hand
the fact that a greater number of elderly patients - possibly suffering form associated pathologies
- undergo complex interventions thanks to improved survival rates in the population can increase
this risk.
The use of neoadjuvant therapies and shorter hospital stays (as well as the concomitant reduction in thromboembolic prophylaxis duration) contribute to further increase the risk, which
must therefore be offset by adequate prophylaxis. High VTE incidence in the postoperative period and the availability of effective methods to prevent its onset make it necessary to consider
thromboprophylaxis for all patients undergoing surgery: a number of randomised controlled
trials and meta-analyses confirm the routine use of thromboembolic prophylaxis (Geerts WH
et al. ACCP 2008; Nicolaides et al. 2006; Scottish Intercollegiate Guidelines Network - SIGN
2002; Tuscany Region recommendation 2015). Over time different thromboprophylaxis measures have been adopted for VTE prevention in surgical care including the placement of elastic
stockings (anti-embolism stockings or graduated compression stockings), intermittent mechanical compression (IPC), UFHa low dosage, (LMWH), fondaparinux and even DOAC (Tufano
A et al. 2011).
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Both UFH at low doses and LMWHs can reduce the risk of asymptomatic and symptomatic
VTE by at least 60%. Today, in general surgery LMWHs represent the reference pharmacological
prophylaxis. The use of fondaparinux is only recommended in major abdominal surgery of oncological type, particularly in patients at very high VTE risk. Further indications on an individual
basis are related to patients with absolute or relative contraindications to the use of heparins (allergies, prior thrombocytopenia due to heparin-HIT). The fondaparinux dosage must be adjusted to
the renal function (see technical data sheet) and the therapy must only be initiated postoperatively.
Special attention should be reserved to prophylaxis customization in patients at high haemorrhagic risk, with renal failure, obese, in paediatric fields and whom underwent neuraxial anesthesia.
Kuroda S et al. (2016) states the results on VTE incidence in a phase II study on 70 patients
who underwent gastric cancer surgery and were treated for only 3 days with 20 mg enoxaparin or
2000UI every 12 hours starting 36 hours of the intervention. The short-time choice depends on
the need to remove abdominal drainages or the epidural catheter for postoperative pain with risk of
haemorrhage or complications. VTE incidence was 9%.
A Cochrane meta-analysis of 2009 (Rasmussen MS et al. 2009), which includes both the ENOXACAM II (Bergqvist D et al. 2002) and FAME studies (Rasmussen MS et al. 2006) (Rasmussen
2006) has shown a significant reduction in VTE episodes in patients treated with pharmacological
prophylaxis (14.3% in the control group vs. 6.1% in the treated group, OR 0.41) associated with a
significant reduction in DVT (5.1% in the control group vs 1.1% in the treated group, OR 0.27),
but especially with the incidence of symptomatic VTE (1.8% in the control group vs 0.22% in the
treated group, OR 0.22). However, these data should be interpreted with caution due to the high
percentage of patients lost to follow-up.
Regarding a possible treatment with DOAC (Hakeam HA et al. 2017), a review on MEDLINE
and EMBASE on patients with bowel resection or bypass shows a normal anticoagulant action with
rivaroxaban in patients with distal resection, while dabigatran was not effective. On the contrary,
the use of these two DOACs after a gastric bypass with the Roux-en-Y technique is uncertain. There
are no studies on gastro-intestinal resections on bypass for apixaban and edoxaban use.
In general surgery, pharmacological prophylaxis should last at least 7 days. In any case it may
vary depending on risk level, mobilization recovery and underlying pathology (Kearon C 2003).
The American Society of Clinical Oncology (ASCO) guidelines suggest the use of UFH or
LMWH for at least 7-10 days (Lyman GH et al. 2015). A Japanese multi-centre study (Sakon M et
al. 2010) showed a reduction in VTE incidence to 1.2% in patients who underwent abdominal or
pelvic surgery due to cancer by administering enoxaparin for 14 days, compared with 19.4% using
only IPC.
The issue of prophylaxis duration beyond the hospitalization period is still open: approximately
50% of VTE occur after discharge! (Merkow RP et al. 2011)
The randomized study Enoxicam II of 2002 demonstrated the following in surgical patients
discharged after a week of treatment with enoxaparin: those who continued for another three weeks
with enoxaparin showed a 4.8% of VTE at phlebography vs. 12% for those on placebo.
A study by White RH et al. (2003) performed on of 1,653,275 interventions of various types
shows that as far as normal abdominal surgery is concerned, DVT incidence after hospital discharge
ranges from 0.9% for splenectomy to 0.1% for appendectomy or laparoscopic cholecystectomy
versus 1.6% or 0.2% for the total incidence on operations. The percentage increases in cases of
abdominal surgery due to cancer, with values rising to 1.7% for colon and 0.9% for rectum versus
a total incidence of 2.6% and 1.5%.
A retrospective study on VTE within 90 days in major abdominopelvic surgery using the Manitoba Cancer Registry on 6,612 patients reported 1.6% VTE during hospitalization and 1.45%
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after discharge, of which 33% had PE, 24% DVT and 6.3% both (Alsubaie H et al. 2016). The
predisposing factors for post-discharge VTE were advanced stages, presence of other post-operative
complications, primary tumors of gastrointestinal non-colorectal origin, need for prolonged care and
being under 45 years of age. Moreover, VTE was an independent factor in reducing survival to 5 years.
A multivariate analysis by Moghadamyeghaneh Z et al. (2014), based on National Surgical
Quality Improvement Program (NSQIP) data on 116,029 patients after colorectal resection surgery highlighted a VTE incidence of 2%, of which 0.2% with DVT and PE. A significant number
of VTE cases (DVT 29.3% and PE 34.6%) were diagnosed after discharge. The main DVT predictors were ASA score >2, hypoalbuminemia, ulcerative colitis and stage 4 cancer, while for PE they
were DVT and tumor dissemination. The open procedure was found to be at greater risk of VTE
compared to laparoscopic procedures (p<0.01)
In oncological patients some studies demonstrate the effectiveness of compression therapy associated with pharmacological therapy in VTE prevention, while others deny the effectiveness of the
latter in favour of mechanical prevention only. At present the oncological patient is at very high risk
of VTE, hence the pharmacological therapy should be prolonged for at least 30 days after surgery,
should there be no contraindications. (Table 2) One of the biggest dilemmas is still whether the
benefit of a superior thromboprophylaxis exceeding 28 days outweighs the risks. Literature studies
(Raftopoulos I et al. 2010) and Cochrane meta-analysis have not shown a significant increase in
bleeding risks (4.1% in the treatment group vs. 3.7% in the control group, p=0.73).
Prophylaxis is also based on the use of mechanical means. Anti-embolism stockings reduce DVT
incidence and enhance the protection ensured by heparins, but there are not enough available data
to fully assess the effect of proximal DVT and PE. Subjects with malignant forms and other highrisk general surgery conditions have not been evaluated in sufficient quantities to allow for safe
conclusions regarding the efficacy of anti-embolism stockings under these clinical circumstances.
Further clinical studies are needed to assess the effectiveness of anti-embolism stockings in such
subjects. Associating anti-embolism stockings to further prophylactic agents provides for better
protection against VTE, with respect to the individual application of those single methods. As
already pointed out, anti-embolism stockings prevents venous stasis, hence increasing the venous
return during abdominal inflation for laparoscopic procedures. The European Association for Endoscopic Surgery recommends the use of intermittent pneumatic compression (IPC) or intraoperative anti-embolism stockings throughout the procedure.
IPC is an effective prophylaxis method, to be considered as a first choice alongside anti-embolism stockings in case of risk of severe haemorrhagic complications. Several studies have shown that
IPC is effective in reducing DVT in general surgery patients suffering from neoplasms. In experiments in which IPC was compared to UFH, both agents resulted in similar reductions of DVT
incidence. Plantar pneumatic compression (foot pump) creates haemodynamic effects similar to
IPC ones in terms of emptying the lower limbs, and similarly it seems to stimulate the fibrinolytic
activity. (Consensus on Compression - CTG 2009)
A Japanese phase III clinical study reports 18% of VTE in patients who received abdominal
tumor surgery using IPC initiated during the operation and continued until normal ambulation
recovery (Hata T et al. 2014; Sakon M et al. 2010) (hata - sakon).
A study by Yanagita T et al. (2016) on enoxaparin effectiveness (2000 IU every 12 hours) associated with anti-embolism stockings versus anti-embolism stockings alone on 565 patients evenly divided and who had undergone distal, proximal or total gastrectomy due to gastric cancer, followed
by the same rehabilitation programme, shows the absence of symptomatic VTE in both groups,
without significant bleeding differences. Only one patient in the enoxaparin group was operated
again due to bleeding, as he was being treated with a triple anti-platelet therapy.
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As suggested by the ACCP guidelines below, mechanical prophylaxis is indicated in low-risk
patients (Roger score 7-10; Caprini score 1-2), moderate-risk patients (Roger scores > 10; Caprini
score 3-4) or high-risk patients (Caprini score ≥ 5) in combination with pharmacological therapy or
alone. This is also recommended in cases of LMWH contraindication or unavailability or low-dose
UFH, as well as in patients presenting a high thrombotic and a concurrent haemorrhagic risk. In
this case the therapy must be continued until such risk has been reduced and the pharmacological
therapy can be used at the same time. (Table 3)
The Compression Therapy Group suggests to follow ACCP guideline, dressing antiembolism stocking until discharge and continuing with Graduated Compression Stocking (GCS),
conformed to patient general health and compliance, until complete recovery.
Table 2 - Tuscany Region Recommendations
- Low-risk patients (score 0): simple early mobilization is recommended (I A test).
- Moderate-risk patients (score 1): the use of prophylaxis with UFH in the amount of 5,000 U x 2/day or with
LMWH with a dosage under 3,400 U/day (depending on the different products) in one administration is recommended. Mechanical prophylaxis alone is recommended in cases where there are contraindications to pharmacological prophylaxis (I A test).
- High-risk patients (score 2): prophylaxis with UFH 5,000 U x 3/day or LMWH in doses over 3,400 U/day (depending on the different products) is recommended (I A test).
- Very-high-risk patients (score > 3): in very-high-risk patients (multiple factors) the association of pharmacological
prophylaxis with CA and/or IPC (I A test) is recommended.
- In oncological surgery pharmacological prophylaxis with LMWH should be continued for about a month after
discharge (I A test).
Table 3 - ACCP guidelines for general and gastrointestinal surgical patients
- For general and abdominal-pelvic surgery patients at very low risk for VTE (< 0.5%; Rogers score, <7; Caprini score,
0), we recommend that no speciﬁc pharmacologic (Grade 1B) or MECHANICAL (GRADE 2C) PROPHYLAXIS
be used other than early ambulation.
- For general and abdominal-pelvic surgery patients at low risk for VTE (+ 1.5%; Rogers score, 7-10; Caprini score, 1-2), we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH INTERMITTENT PNEUMATIC
COMPRESSION (IPC), over no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (+ 3.0%; Rogers score, > 10; Caprini
score, 3-4) who are not at high risk for major bleeding complications, we suggest LMWH (Grade 2B), UFH (Grade
2B), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (GRADE 2C), over no prophylaxis. Remarks: Three of the seven authors favored a strong (Grade 1B) recommendation in favor of LMWH or LDUH over
no prophylaxis in this group.
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%; Rogers score, > 10; Caprini
score, 3-4) who are at high risk for major bleeding complications or those in whom the consequences of bleeding are
thought to be particularly severe, we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over
no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at high risk for VTE (+ 6.0%; Caprini score, > 5) who are not at
high risk for major bleeding complications, we recommend pharmacologic prophylaxis with LMWH (Grade 1B) or
UFH (Grade 1B) over no prophylaxis. WE SUGGEST THAT MECHANICAL PROPHYLAXIS WITH ELASTIC
STOCKINGS OR IPC should be added to pharmacologic prophylaxis (Grade 2C).
- For high-VTE-risk patients undergoing abdominal or pelvic surgery for cancer who are not otherwise at high risk
for major bleeding complications, we recommend extended-duration pharmacologic prophylaxis (4 weeks) with
LMWH over limited-duration prophylaxis (Grade 1B). Remarks: Patients who place a high value on minimizing
out-of-pocket health-care costs might prefer limited-duration over extended-duration prophylaxis in settings where
the cost of extended-duration prophylaxis is borne by the patient.
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- For high-VTE-risk general and abdominalpelvic surgery patients who are at high risk for major bleeding complications or those in whom the consequences of bleeding are thought to be particularly severe, we suggest use of
MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over no prophylaxis until the risk of bleeding diminishes and pharmacologic prophylaxis may be initiated (Grade 2C).
- For general and abdominal-pelvic surgery patients at high risk for VTE (6%; Caprini score, + 5) in whom both
LMWH and UFH are contraindicated or unavailable and who are not at high risk for major bleeding complications,
we suggest low-dose aspirin (Grade 2C), fondaparinux (Grade 2C), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (Grade 2C), over no prophylaxis.
- For general and abdominal-pelvic surgery patients, we suggest that an inferior vena cava (IVC) ﬁlter should not be
used for primary VTE prevention (Grade 2C).
- For general and abdominal-pelvic surgery patients, we suggest that periodic surveillance with venous compression
ultrasound should not be performed (Grade 2C).
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Bariatric surgery

Obesity has been proved to be an independent risk factor for VTE in both men and women (AL
Freeman et al. 2010; Ageno W et al. 2008; Stein PD et al. 2005; Goldhaber SZ et al. 1997-1983).
In the United States it is estimated that 33.8% of adults are obese (BMI ≥30 kg/m2) and that
severely obese individuals (BMI ≥40 kg/m2) represent 5.7% of the population (Flegal KM et al.
2010). Stein PD et al. (2005) demonstrated that the risk of PE in obese individuals is twice as high
as in non-obese and even five times higher in patients under 40 years of age. The increase in BMI is
strongly and consistently associated with PE development in women, which is increased by about
six times in individuals with a BMI of 35 kg/m2 or higher (Kabrhel C et al. 2009). A study by the
Danish Prospective Diet, Cancer and Health (2010) showed that in obese patients with a genetic
mutation of Factor V Leiden (F5 G1691A) the probability of developing VTE is doubled, and that
it is quadrupled in those with prothrombin mutation (F2 G20210A) (Severinsen M.T. et al. 2010).
In obese individuals contraceptive use increases VTE percentage from 5.2% to 7.8% compared
with women not using them. The incidence in non-obese women who use them is 3.1% (Stein
PD et al. 2005) (stein). Finally, obese individuals have a higher risk of VTE relapse compared with
normal weight subjects. Eichinger et al. (2008) demonstrated that after ceasing the anticoagulant
therapy after VTE in 1107 patients, the probability of PE relapse was 9.3% in normal weight
patients, 16.7% in overweight patients (BMI 25-29 kg/m2) and 17.5% in obese patients (BMI ≥
30kg/m2) (et al. 2005) (Eichinger).
Obesity creates a prothrombotic state and determines changes in normal haemostasis. Studies on
obese animals show an overproduction of adipokines such as leptin and adiponectin, insulin resistance and a low-grade inflammatory condition which stimulates platelet reaction (Faber DR et al.
2009). Furthermore, it has been shown in vitro that in pathological obesity leptin stimulates clotting
by increasing monocytes and procoagulant tissue factors like prothrombin (Napoleon E et al. 2007;
Bogdanov VY et al. 2003; Kopp CW et al. 2003), which returns to normal values with weight loss
(Ay L et al. 2010). Another mechanism of fibrinolysis inhibition is PAI-1 overproduction (plasminogen activator inhibitor-1) by adipocytes and hepatocytes due to a circulation increase of free fatty
acids, pro-inflammatory cytokines, adipokines and hypoxia in the adipose tissue of obese individuals
(Hosogai Net al. 2005). Moreover, this stasis promotes endothelial activation predisposing patients
to thrombosis. As a matter of fact, the low flow rate causes the accumulation of prothrombotic substances as thrombin, while hypoxia decreases the ability of ADAMS13 metalloproteases to eliminate
ultra-large polymers of von Willebrand factor (Lopez JA et al. 2009) (Table 1)
Table 1 - Triggering factors for pro-coagulative states in obese patients (Stein PD et al. 2009)
stimulation of platelet activity
procoagulant state
fibrinolysis alteration
endothelial cell activation

Much information on antithromboembolic prophylaxis in obese patients derives from studies
in the field of bariatric surgery. However, we shall start from the role played by obesity in choosing
the anticoagulants doses for prophylaxis in any type of surgery. A long-standing debate concerns
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whether anticoagulants doses should be increased in obese patients, but there are only few available guidelines. While the pharmacological dosage of these agents are well characterized in normal
weight patients, obese patients will experience several changes both in distribution and in pharmacokinetics. Obese patients have a percentage increase of fat pro kilo in their total body weight
(TBW) which increases the distribution volume of lipophilic drugs. On the contrary, the adipose
tissue vascularization is partially reduced, which may result in a medication overdose if the dose is
set on TBW (Imberti D et al. BAFLUX study 2009; Hanley MJ et al. 2010). Since the intravascular
volume does not linearly correlate with body weight, if the determined LMWH doses are adjusted according to the weight, there is a risk of overdose; on the other hand, when using fixed-dose
LMWH there is a risk of underdose. In fact, the safety and effectiveness of different dosages in these
patients have not been adequately studied. In this respect, the 2004 ACCP guidelines (Hirsh J et
al. ACCP 2004) suggested an increase of the LMWH dose by about 25% in obese patients, on an
empirical basis. Moreover, the 2008 edition guidelines suggest an anti-Xa factor (anti-FXa) activity
monitoring in patients with weight >150 Kg treated with adjusted LMWH doses. However, the
correlation between anti-FXa levels and clinical manifestations (VTE and haemorrhage) are not
well defined. Traditionally, it is considered that after 4 hours of LMWH administration anti-FXa
levels in patients receiving prophylaxis should range from 0.1 to 0.4 U/ml. A recent study on parnaparine pharmacodynamics in obese patients (BMI >36) who were to receive bariatric surgery
(Imberti D et al. BAFLUX study 2009) has provided some potentially interesting information to
guide treatment choices. This study evaluated the anti-FXa activity of a group of patients treated
with 4,250 IU/day (standard prophylactic dose for patients with increased VTE risk) with that of
patients treated with a 50% higher dose. While in the first 4 hours of administration the activity remained in the expected range, in over 50% of patients receiving a higher dose the anti-FXa activity
was higher and often at levels compatible with an anticoagulant therapy and not with prophylaxis.
The results of this study - albeit indirectly - suggest the potential danger of using LMWH doses
50% higher than standard ones in obese patients. For instance, Tuscany Region recommends not
to adjust the LMWH dose in relation to body weight (except for nadroparin when used according
to the body weight diagram). This also applies to fondaparinux (as the studies validating its effectiveness included severely obese patients), dabigatran and rivaroxaban (Tuscany Region recommendation 2015). (Table 2)
Table 2 - Tuscany Region Recommendations
For obese patients it is recommended to use anticoagulant drugs for venous thromboembolism prophylaxis at the
doses recommended by the technical datasheet of the single drug (VI B test).

ACCP Guidelines recommend the use of UFH with 3 administrations a day in bariatric surgery and surgical patients at high VTE risk. However, few studies have used it in obese patients
to evaluate pharmacodynamics and clinical findings. We know for certain that in normal weight
patients the administration of low-dose subcutaneous UFH (e.g. 5000 U every 12 hours) has weak
pharmacokinetics with low plasma concentrations and that heparin absorption is determined by
the amount of fatty tissue (Hirsh J et al. 2004; Shepherd MF et al. 2003). In a series of 700 operated obese individuals (BMI >35 kg/m2) treated with adjusted doses of subcutaneous UFH (range
3000-19000 U and average 8000 U) after Roux-en-Y laparoscopic surgery and monitored with
anti-FXa activity protocol (0.11-0.25 U/ml), VTE with non-fatal PE was recorded in 0.4% of
patients, with bleeding requiring transfusions in 1% of cases (Shepherd MF et al. 2003). Moreover, other researchers have examined intravenous infusion in bariatric surgery (Shepherd MF et al.
2003; Quebbemann B et al. 2005). In a series of 822 patients with mean BMI of 45 kg/m2 (range
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30-86) and treated with an infusion of 400U/h (9600U/day) from pre-op until discharge, VTE
occurred in 0.12% of cases with major bleeding in 1.3% (Quebbemann B et al. 2005). However,
the scarcity of adequate trials does not allow for precise recommendations on usable UFH doses.
Unlike UFHs, not only do LMWHs by subcutaneous route have a bioavailability close to 100%
at low doses, but they can also be used in patients with creatinine clearance under than 30 ml/min
(Hirsh J et al. ACCP 2004). Although LMWH anticoagulant activity does not normally require it,
ACCP Guidelines recommend monitoring special patients like overweight and obese individuals
with anti-FXa activity whose peak after 4 hours of the dose is 0.6-1.0 U/ml in patients with double
daily administrations (Hirsh J et al. ACCP 2004; Tripodi A et al. 2009; Bounameaux H et al. 2004;
Harenberg J 2004). The optimal peak for prophylactic doses is unknown, but some authors suggest
levels of 0.2-0.5 U/ml (Bounameaux H et al. 2004; Lim W et al. 2010). Although a lot of data
support the ACCP Guidelines recommendations according to which larger doses should be considered for obese patients, in many studies TBW has varied highly. Therefore it is still very uncertain
whether LMWH dosage should also be based on BMI or TBW, and thus the dosage in bariatric
surgery patients in ACCP recommendations remains elusive. For medical patients it seems more
appropriate to rely on TBW instead. Although pharmacodynamics demonstrated the effectiveness
of weight-based dosing, there are no appropriate prospective randomised trails. Instead, observational data have shown that standard doses in obese medical as well as surgical patients corresponds
to an unacceptable VTE incidence.
Fondaparinux is a pentasaccharide enhancing Fxa inhibition through antithrombin bonds. As
LMWHs, it is 100% subcutaneously bioavailable, it is mainly excreted by the kidneys but has a
higher half-life (approximately 16 hours versus 4-6 hours for LMWH). A meta-analysis of four randomised controlled trials comparing fondaparinux with enoxaparin in patients undergoing major
orthopaedic surgery demonstrated a reduction of over 50% of the total VTE risk with doses of 2.5
mg/day for fondaparinux versus 30 mg 2 x/day or 40 mg/day for enoxaparin. In these studies the
reduction was significant (54%) even in obese individuals (maximum 223 kg), whose percentage
ranged from 5.4 to 53% of cases (Turpie AG et al. 2002). Similarly, in a group of 600 patients who
had received high-risk abdominal surgery (maximum 215 kg) there were no significative differences
of VTE incidence or haemorrhage using 2.5 mg/day of fondaparinux versus 5000 IU of deltaparin
(Agnelli G et al. 2005). A study on 10 severely obese volunteers (mean BMI 51.5 kg/m2 and maximum 76.7 kg/m2) also weighing over 248 kg proved that it is possible to reach therapeutic levels
with only 5 mg of fondaparinux, whereas 2.5 mg are not sufficient (Raftopoulos I et al. 2008).
Fondaparinux proved to be effective but it has no antidote: further studies are needed in order for
it to be recommended.
Although mechanical prophylaxis with anti-embolism stockings/graduated compression stockings, IPC or venous foot pump are used with pharmacological prophylaxis, there are no adequate
trials where it was used as monotherapy in severely obese medical patients and in bariatric surgery
(Simone EP et al. 2008; Hamad GG et al. 2005). Moreover, they may be less effective than the
pharmacological therapy (Turpie AG et al. 2007) (turpie), on top of other problems in terms of
patient compliance linked to their use. They are therefore recommended only in cases of high
haemorrhagic risk.
Since bariatric patients are at high post-operative VTE risk and there may also be some problems
in terms of pharmacological prophylaxis, vena cava filters are used more and more often (Hamad
GG et al. 2005; Sapala JA et al. 2003), which will definitely reduce post-operative PE risk (Rajasekhar A et al. 2010). In the last decade there has been an eightfold increase in their use (from 7%
in 1998 to 55% in 2007), despite many limitations (Wu EC et al. 2000; Barba CA et al. 2009).
Out of the 11 performed studies only four were structured on their use or non-use (Vaziri K et al.
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2009; Obeid FN et al. 2007; Gada NJ et al. 2006; Floor G et al. 2007), but two of them did not
show any significant PE differences between the two groups. In a study by Stein PD et al. (2013) on
508,230 bariatric surgery patients a prevalence of 0.9% for PE, 1.3% for DVT and 2.2% for VTE
was found, with in-hospital death due to PE of 0.03%. The vena cava filter had been used in 0.3%
of patients and was present in 10.5% of VTE cases and in 0.07% of cases without VTE. In cases of
death with PE during hospitalization, the vena cava filter was present in 3.9% of cases and absent
in 2.7% of cases. Regarding patients with DVT, intra-hospital mortality was 0% with filter versus
1.3% without filter. Finally there are short and long term complications for their placement, such as
thrombosis in the insertion point, DVT, vena cava occlusion, Post-Thromboflebitic Syndrome and
filter migration with non-quantifiable frequency. However, they must be taken into consideration.
That said, the use of a vena cava filter in bariatric surgery patients is not supported by scientific
evidence (grade 2C) (Rajasekhar A et al. 2010; Guyatt GH et al. ACCP 2008).
ACCP Guidelines recommend the use of a pharmacological therapy combined with CE or CA
and IPC in high-risk general surgery patients. Bariatric surgery should be considered at least at
moderate risk (Geerts WH et al. ACCP 2005). All scientific societies of bariatric surgery such as
the American Academy of Clinical Endocrinologists (AACE), The Obesity Society (TOS) and the
American Society for Metabolic and Bariatric Surgery (ASMBS) recommend the use of pharmacological prophylaxis in post-operative phases (Mechanick JI et al. 2008).
However, clinical trials on VTE chemoprophylaxis in bariatric surgery patients are scarce and
since it is a potential risk for bleeding, IPC alone may be a safe and effective therapy for VTE.
VTE is one of the causes of death in bariatric surgery with a variable DVT incidence of 1-3%,
whereas PE is at 0.3-2%. Brasileiro (2008) reported DVT in 0.79% of cases diagnosed with Echo
Colour Doppler after gastric bypass surgery in patients with no previous DVT (Brasileiro AL et al.
2008). Murr study on 660 patients reported a VTE incidence of 3.6% instead (Gonzalez R et al.
2006). The majority of PE appears in the first post-operative month and mortality in such cases is
higher than 30%. Froehling DA et al. (2013) demonstrated an incidence of total VTE of 0.03%
within 6 months after surgery on a cohort of 396 inhabitants of Minnesota mainly subjected to
Roux-en-Y ‘open’ gastric bypass. The cumulative incidence of VTE at 7, 30, 90 and 180 days was
respectively 0.3, 1.9, 2.1 and 2.1% (180 days 95% confidence interval (CI), 0.7-3.6%).
VTE predictive factors in bariatric surgery are multiple and have been reported by several authors. They can be classified by operation type with increased VTE risk for the ‘open’ technique
versus laparoscopy and gastric versus non-gastric bypass, operative time, age (hazard ratio, 1.89 per
10-year age increment; 95% CI, 1.01-3.55; p=0.05) (Froehling DA et al. 2013), BMI, male gender,
previous VTE. Other factors such as postoperative complications, renal insufficiency, congestive
heart failure, chronic pulmonary disease, hypertension and alcohol abuse are added.
In a multiple regression analysis on 304,515 patients (Masoomi H et al. 2011) the total VTE
incidence in hospital was 0.17% with the highest percentage in open gastric bypass (0.45%). VTE
incidence was lower in laparoscopic procedures than with the open technique (respectively 0.13%
vs 0.45%, p< 0.01) and in non-gastric versus gastric bypass (respectively 0.06% vs 0.21%, p <
0.01). The risk factors associated with an increase in VTE rates were alcohol abuse (OR 8.7), ‘open’
interventions (OR 2.5), gastric bypass (OR 2.4), kidney failure (OR 2.3), congestive cardiac failure
(OR 2), male gender (OR 1.5) and chronic lung disease (OR 1.4). A study by the Michigan Bariatric Surgery Collaborative on 27,818 bariatric surgery patients showed a VTE incidence in 0.33%
(93 patients), including 51 patients with PE. Risk factors included a previous VTE history (OR
4.15); male gender (OR 2.08); surgery over 3 hours (OR 1.86); BMI category (per 10 units) (OR
1.37); age category (for 10 years) (OR 1.25); type of procedure (reference adjustable gastric band):
duodenal switch (OR 9.45); open gastric bypass (OR 6.48); laparoscopic gastric bypass (OR 3.97);
78

sleeve gastrectomy (OR 3.50). In 97% of patients the presence of risk factors was under 1% (Finks
JF et al. 2012; Birkmeyer NJ et al. 2012).
In a multicentre study on 2,064 patients who had received bariatric surgery with a VTE incidence of 0.58% in the first six months after surgery there was a strong association with postoperative complications (91.7% of cases, 15.3% of controls), such as anastomotic dehiscence, abdominal
abscess, or with hospitalization in intensive care (50% of cases, 11.1% of controls) and no association with any classical VTE risk factors (Celik F et al. 2014).
A study on 17,434 patients followed for 12 months after bariatric surgery showed that VTE incidence was 0.88%, divided into 2.17% within the first month and 2.99% within six months, with
a percentage higher than the 74% after discharge. The risk factors after 6 months included male
gender, age > 55 years, smoking, previous VTE. As regards the surgical technique, laparoscopic
gastric band surgery had a lower VTE incidence compared to gastric bypass with ‘open’ technique
as well as with videolaparoscopy (Steele KE et al. 2011).
A study by the Cleveland Clinic on 4,293 bariatric surgery patients of revisional or primitive
nature detected VTE in 1.3% of cases, with PE in 0.9% associated with DVT absence in 38.4% of
cases. PE related mortality was 0.02%. 0.4% had post-discharge VTE. DVT incidence was 0.4%.
As far as techniques are concerned, VTE incidence was 1.1% for gastric bypass, 2.9% for sleeve
gastrectomy, 0.2% for gastric banding and 6.4% for revisional procedures. Univariate and multivariate analyses reported age, BMI, ‘open’ technique and revisional surgery as predisposing factors
(p< 0.05) (Jamal MH et al. 2015).
A study by the Bariatric Outcomes Longitudinal Database - the largest database for bariatric
surgery - on 73,921 patients reported a VTE incidence of 0.42% in the first 90 days, out of which
73% disappeared after discharge. The risk was higher in gastric bypass patients (0.55%) than in
those with gastric banding (0.16%) and more frequent with the open technique (1.54%) compared
to a laparoscopic approach (0.34%). Patients with VTE were older, had a higher BMI and a VTE
history (16.5% versus 3.7%), were mostly male and with a vena cava filter (Winigar DA et al.
2011).
A German multicentre observational study on 31,668 primitive bariatric interventions distributed on 3,999 gastric banding, 13722 Roux-en-Y gastric bypass interventions and 11,840 sleeve
gastrectomy interventions reported that gender, surgical procedure or VTE prophylaxis have no
statistically significant impact on DVT, which BMI (p=0.116) and prophylaxis duration (p=0.127)
have (Stroh C et al. 2016).
As for pharmacological prophylaxis, Birkmayer NJ et al. (2012) reported improved LMWH effectiveness compared to UFH and the mixed use with preoperative UFH and postoperative LMWH
for VTE prevention in a group of 24,777 patients who had received bariatric surgery (0,25%; p <
.001 vs UFH/LMWH group = 0,29%; p =.03 and vs UFH group 0,68%) without any significative
differences in haemorrhage incidence.
UFH therapy was more effective than UFH/LMWH association in patients at high VTE risk,
while the effects are similar to those at low risk. LMWH is also preferred to UFH for its pharmacological properties, e.g. improved bioavailability, higher half-life and especially its ease of use.
A systematic review with meta-analysis (Ikesaka R et al. 2014) of 6 studies for a total of 1,858
bariatric surgery patients who had received a weight-dependent heparin therapy showed a hospital
VTE of 0.54% compared to 2% for those who had used a standard dosage, with a similar percentage of bleeding in both groups (1.6% dose/weight vs 2.3% standard dose).
A best-evidence topic published by Parker SG et al. (2015) on the protocol and use of enoxaparin in 125 publications showed that there is no significant evidence in favour of a prophylactic
regimen over another, that a treatment for at least 10 days after discharge versus hospital treatment
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alone significantly reduces VTE incidence and that post-operative bleeding are more frequent in
patients who had received a preoperative enoxaparin dose. As for the dosage, 40 mg every 12 hours
compared to 30 mg appear to significantly reduce VTE incidence without increasing the bleeding
percentages.
A multicenter randomised study on 164 patients with gastric bypass surgery with the aim to
determine the optimal enoxaparin regimen reaching an anti-FXa peak of activity between 0.3 and
0.5 IU/ml and evaluating the course of procoagulant microparticles (MPs) highlighted that a single
daily dose of 6000 IU can reach the therapeutic goal in most patients, with no increased risk of
bleeding and with an effective reduction of procoagulant MPs versus a dosage of 4000 IU/day and
4000 IU every 12 hours (Steib et al. 2016).
Javanainen MH et al. (2016) demonstrated the absence of thromboembolic events in a group of
bariatric patients who had received a sleeve gastrectomy or Roux-en-Y interventions and had been
divided into a group with high-dose prophylaxis (100 patients - 40 mg x 2/day starting the day
prior to surgery), an intermediate-dose group (100 patients - 40 mg x 2/day without the dose on
the day of the operation) and a low-dose group (200 patients - 40 mg/day starting the day before
and with no dose on the day of the operation). As regards haemorrhages, the difference between the
high-dose and low-dose group was 10.5%, whereas between the high-dose and intermediate-dose it
was 9%. Only hypertension was a significant factor for haemorrhagic increase (p = 0.01).
As far as DOACs are concerned, a recent study with rivaroxaban 10 mg administrated one day before and three days after surgery in a group of 6 patients receiving Roux-en-Y gastric bypass and sleeve
gastrectomy showed that plasmatic concentration, time curve for plasmatic concentration and halflife were not altered by the two intervention techniques. Fragmented prothrombin (F1+2) decreases
in the first 12 hours and increases later, while the thrombin-antithrombin complex changes within 1-3
hours before surgery and then remains low in the postoperative period, increasing again 24 hours of
the last assumption. Rivaroxaban use showed no complications (Hakeam HA et al. 2017).
As regards mechanical prophylaxis, a Longitudinal Assessment of Bariatric Surgery (LABS) study
compared IPC alone in a group of 4,416 patients (396 patients = 9%) versus a much larger group
treated with IPC associated with pharmacological therapy. It concluded that the available data are
not sufficient to give a recommendation despite VTE incidence in the first 30 days (0.25% in the
IPC group versus 0.47% in the IPC plus pharmacological therapy group) and mortality at 30 days
(0.25% versus 0.34% always in favour of IPC alone) was lower in the group treated with IPC only
(Gagner M et al. 2012).
IPC alone reduces the risk of haemorrhage and heparin-induced thrombocytopenia (Bartholomew JR 2008) as well as DVT risk by 62% (Vanek VW 1998). A study by Gonzalez QH et
al. (2004) on 380 patients who had received laparoscopic gastric bypasses and were treated with
peri- and postoperative IPC associated with early ambulation only reported one patient (0.26%)
with popliteal VTE diagnosed with Echo Colour Doppler in the absence of PE cases in a follow
up after 3 years. Another retrospective study on 107 patients receiving gastric bypass and treated
with IPC and early ambulation reports the absence of VTE in hospital as well as only one patient
with DVT after discharge (Cotter SA et al. 2005). In literature there are few comparative works on
VTE prophylaxis strategies work on the obese population and among patients undergoing bariatric
surgery. Rocha AT et al. (2006) published a review on hospitalized obese patients. Out of the 37
works, only 6 studies assessed prophylaxis methods (UFH, LMWH and IPC). Due to the small
number of patients and low incidence, none of the studies can give a definitive judgment on the
most effective and safest VTE prophylaxis method.
The fact remains that it is difficult to set an appropriate heparin dose based on the patient’s
weight and the duration needed after discharge for possible haemorrhagic risks, so it is recommend80

ed to use it in groups of high-risk patients undergoing bariatric surgery, i.e. those who have a history
of previous VTE, a hypercoagulability state or significant walking deficits, rather than to all obese
individuals. In other cases IPC alone could potentially be enough for VTE prevention.
In conclusion, while anticoagulants doses for normal weight patients are well defined in the
guidelines, the same cannot be said for severely obese ones (BMI > 40 kg/m2). The most validated
anticoagulant in this type of patient is enoxaparin with 40 mg doses every 12 hours, while for UFH
the dose is 7500 units every 8 hours. Monitoring is performed with anti-Fx, although it has limited
usefulness and trials have not yet clarified the link between this test and bleeding or VTE. Further
studies are needed to define prevention strategies in moderately obese (BMI 35-40 kg/m2) and
severely obese (BMI > 40 kg/m2) patients (Vandiver JW et al. 2016).
Below are some treatment options (Table 2) referring to ACCP guidelines (Table 3).
The Compression Therapy Group suggests to follow ACCP guideline, dressing antiembolism stocking until discharge and continuing with Graduated Compression Stocking (GCS),
conformed to patient general health and compliance, until complete recovery. About IPC we
suggest to use the foot-calf thigh sectors where the size is available.
Table 3 - Therapeutic options for VTE prophylaxis VTE in obese patient surgery
Subcutaneous UFH given thrice daily at a dose of at least 5000 U per dose (higher doses may be indicated, but available evidence does not allow for specific dosing recommendations). Alternatively, heparin doses can be adjusted to
achieve 2-4 h postinjection heparin anti-FXa levels or activated partial thromboplastin time (APTT) in target range
(in general, anti-FXa levels of approximately 0.1-0.4 IU/ml or APTT in the upper normal range). This latter strategy
has been shown to be effective in orthopedic patients, but has not been assessed specifically in the obese
LMWH given either at increased fixed doses (e.g., enoxaparin 40 mg every 12 h or dalteparin 5000 IU every 12 h)
or preferably weight-based doses using actual body weight (e.g., anti-FXa 40-75 IU/kg once daily) with or without
accompanying peak anti-FXa-level monitoring. As stated, the current recommendations by the ACCP guidelines are
to consider weight-based dosing;
Fondaparinux 2.5-5 mg s.c. once daily; importantly, there are limited data for adjusting fondaparinux doses in relation to obesity and owing to the long elimination half-life of this drug, along with the lack of a reversal agent, more
data are needed before dose adjustments can be recommended.
Table 4 - ACCP guidelines for bariatric surgical patients
- For general and abdominal-pelvic surgery patients at very low risk for VTE (< 0.5%; Rogers score, <7; Caprini score,
0), we recommend that no speciﬁc pharmacologic (Grade 1B) or MECHANICAL (GRADE 2C) PROPHYLAXIS
be used other than early ambulation.
- For general and abdominal-pelvic surgery patients at low risk for VTE (+ 1.5%; Rogers score, 7-10; Caprini score, 1-2), we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH INTERMITTENT PNEUMATIC
COMPRESSION (IPC), over no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (+ 3.0%; Rogers score, > 10; Caprini
score, 3-4) who are not at high risk for major bleeding complications, we suggest LMWH (Grade 2B), UFH (Grade
2B), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (GRADE 2C), over no prophylaxis. Remarks: Three of the seven authors favored a strong (Grade 1B) recommendation in favor of LMWH or LDUH over no
prophylaxis in this group.
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%; Rogers score, > 10; Caprini
score, 3-4) who are at high risk for major bleeding complications or those in whom the consequences of bleeding are
thought to be particularly severe, we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over
no prophylaxis (Grade 2C).
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- For general and abdominal-pelvic surgery patients at high risk for VTE (+ 6.0%; Caprini score, > 5) who are not at
high risk for major bleeding complications, we recommend pharmacologic prophylaxis with LMWH (Grade 1B) or
UFH (Grade 1B) over no prophylaxis. WE SUGGEST THAT MECHANICAL PROPHYLAXIS WITH ELASTIC
STOCKINGS OR IPC should be added to pharmacologic prophylaxis (Grade 2C).
- For high-VTE-risk patients undergoing abdominal or pelvic surgery for cancer who are not otherwise at high risk for
major bleeding complications, we recommend extended-duration pharmacologic prophylaxis (4 weeks) with LMWH
over limited-duration prophylaxis (Grade 1B). Remarks: Patients who place a high value on minimizing out-ofpocket health-care costs might prefer limited-duration over extended-duration prophylaxis in settings where the cost
of extended-duration prophylaxis is borne by the patient.
- For high-VTE-risk general and abdominalpelvic surgery patients who are at high risk for major bleeding complications or those in whom the consequences of bleeding are thought to be particularly severe, we suggest use of
MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over no prophylaxis until the risk of bleeding diminishes and pharmacologic prophylaxis may be initiated (Grade 2C).
- For general and abdominal-pelvic surgery patients at high risk for VTE (6%; Caprini score, + 5) in whom both
LMWH and UFH are contraindicated or unavailable and who are not at high risk for major bleeding complications,
we suggest low-dose aspirin (Grade 2C), fondaparinux (Grade 2C), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (Grade 2C), over no prophylaxis.
- For general and abdominal-pelvic surgery patients, we suggest that an inferior vena cava (IVC) ﬁlter should not be
used for primary VTE prevention (Grade 2C).
- For general and abdominal-pelvic surgery patients, we suggest that periodic surveillance with venous compression
ultrasound should not be performed (Grade 2C).
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Laparoscopic and robotic surgery

In recent years, numerous surgical procedures have been laparoscopically performed, offering some
advantages over conventional open incisional surgery, such as decreased pain, quicker convalescence, and improved cosmesis. Nevertheless, this technique is still associated with a distinct morbidity. Abdominal insufflation at 15 to 17 mmHg used during laparoscopic procedures may cause
serum hypercoagulability of varying degrees, due to a modest activation of coagulation and fibrinolysis, and VTE secondary to venous stasis, depending on patient position (Beebe DS et al. 1993;
Sobolewski AP et al. 1995)..
General surgery
Gastric surgery is one of the most relevant and developed fields of minimally invasive surgery
(Parisi A et al. 2015). Treatments are often tailored according to the characteristics and stage of the
cancer and surgery remains one of the main stay treatment (NCCN. Clinical Practice Guidelines
in Oncology. However, technologic advance has provided surgeons with minimally-invasive and
even non-invasive procedures. Over the past two decades, gastrectomy has evolved toward the use
of small surgical incisions with reduced trauma to the patient and a faster postoperative recovery.
Laparoscopy has now spread globally and is within reach for most surgical centers. Researchers are
now focusing on the application of even more sophisticated robotic technologies for gastrectomy.
Robotic surgery, which until a few years ago seemed out of reach in many areas due to high costs,
is now finding ever-increasing support among different oncologic surgical centers.
To date, only three publications (Huang KH et al. 2012; Kim KM et al. 2012; Kim MC et
al.2010) [12-14-PARISI] in the literature report a three-arms comparison among open surgery,
laparoscopic, and robotic surgery. None of these reports feature Western patients, and two come
from a Korean database (Huang KH et al. 2012; Kim KM et al. 2012; Kim HI et al. 2016). All
other existing studies show a series of robotic surgeries compared only with laparoscopy, except
one study that compared the robotic with the open approach (Caruso S et al. 2011). The current
gold standard remains open surgery, so any comparison in the short and long term should consider
a control group of open surgery. The potential benefits and differences between laparoscopic vs
robotic techniques are unclear, and for robotic surgery, a gap exists in strong evidence and well-designed studies. Currently, the main international guidelines (NCCN. Clinical Practice Guidelines
in Oncology; Japanese gastric cancer treatment guidelines 2011) of management of gastric cancer
do not discuss the robotic technology, although many centers are utilizing robotic gastrectomy for
the treatment of gastric cancer in the past decade.
A propensity score-matched case-control study of Parisi A et al. (2017) comparing three treatment arms (robotic gastrectomy - RG, laparoscopic gastrectomy - LG, open gastrectomy - OG),
in 1026 gastrectomies included in IMIGASTRIC registry demonstrated that LG and RG can be
safely performed and proposed as possible alternative to open surgery. The main highlighted benefit
is a faster postoperative functional recovery associated to an intraoperative blood loss, significantly
lower in the LG (95.93 ± 119.22) and RG (117.91 ± 68.11) groups compared to the OG (127.26
± 79.50, P = 0.002).
The general consensus among different studies is the advantage of robotic surgery over laparoscopy and open surgery in reducing operative bleeding. A significant lower blood loss in the LG vs
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OG was demonstrated in meta-analysis of Viñuela EF et al. (2012). Between laparoscopic and robotic procedures results are different. In Kang’ BH et al. study (2012) the RG had lesser blood loss
than the LG, especially for technically demanding lymph node stations (93.25 mL vs 173.45 mL,
P < 0.001). Junfeng Z et al. (2014) highlighted that the RG group had a smaller amount of blood
loss in elderly patients (101.4 mL vs 131.4 mL, P = 0.017). Instead in the study of Eom BW et al.
(2012) blood loss was higher for RG (RG: 152.8 mL vs LG: 88.3 mL, P = 0.09) and Son T et al.
(2014) too (RG: 173.2 mL vs LG: 116.6 mL, P = 0.014).
The most relevant issue is definitely ensuring proper oncological surgery by performing an adequate lymphadenectomy with minimally invasive approaches. Researchers still regard nodal clearance as an important factor influencing long-term survival. Laparoscopy has shown to require a
long learning curve and experience to perform an extended lymphadenectomy, when required.
Viñuela EF et al. (2012) showed a significant higher number of lymph nodes retrieved in the OG
than in the LG by 3.9 nodes (P < 0.001), while no significant difference was found in ensuring a
proper number of lymph nodes (> 15 Lns) for pathological stage assessment (P = 0.09). Robotic
surgery can facilitate better D2 dissection. Kim MC et al. (2010) study does not report a significant difference among the three surgical groups, in contrast with Huang (2012) and Kim KM et
al. (2012) study[13]. Caruso S et al.(2011) reported a significant difference between robotic and
open surgery, but the robotic sample is too small to draw conclusions. Among studies comparing
the two minimally invasive techniques, only the study of Junfeng Z et al. (2014) was able to show
a statistically significant benefit in favor of robotic surgery.
In the analysis of the post-operative course, the number of overall complications was lower in
the LG than OG group, in Viñuela’s study (P < 0.001). Particularly, significant advantages were
found in medical and minor surgical complications. However, no differences were seen for major
surgical complications in this study, while the current largest RCT (KLASS Trial) (Kim HH et
al. 2010) didn’t show any differences between LG and OG (P = 0.13) in the assessment of overall
postoperative complications. Researchers have obtained inconsistent findings in studies on robotic
surgery in terms of demonstrating differences compared to laparoscopy in the analysis of complications (Marano A et al. 2013).
Minimally invasive surgery has demonstrated relevant advantages over open surgery with regard
to postoperative hospital stay, despite the extreme heterogeneity among studies. A shorter hospital
stay was reported in LG in Viñuela’s study (WMD = 3.6 d, 95%CI: 2.6-4.5, P < 0.001).
Previous studies on RG (Kim MC et al. 2010; Woo Y et al. 2011) have shown that the length of
hospital stay can be shorter than that of OG or LG. Particularly, Woo Y et al. found a significant
difference (P = 0.04) in the rate of patients discharged within the fifth postoperative day in favor
of the robotic approach (61%).
Several factors were hypothesized regarding the inflammatory response after surgery, as for
example a lesser tissues manipulation in robotic surgery (Hiki N et al. 2006). Thus, postoperative
bowel recovery in the RG may be shorter than other approaches. Moreover, Song J et al. (2009) and
Park JY et al. (2012)showed some advantages in the RG group regarding ambulation, pain control
and postoperative hospital stay. However, differences can be seen among the published studies in
the literature. Junfeng Z et al. (2014) didn’t show differences between the two groups regarding
first flatus, time to start a liquid diet, and postoperative length of stay. Son T et al. (2014) found
advantages in favor of LG in terms of postoperative restoration of bowel function, resumption of
oral intake, and hospital stay. Kang BH et al. (2012) reported a significant longer hospitalization in
the RG than the LG group, with a mean difference of 1.7 d (P = 0.042).
The incidence of venous thromboembolism (VTE) after abdominal cancer surgery is estimated
to be approximately 2- to 3-fold that observed after non-cancer surgery (Kearon C et al. ACCP
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2012). Retrospective, population based studies predating extended course venous thromboprophylaxis report an incidence of symptomatic VTE in colorectal cancer patients of approximately 5.5%.
A meta-analysis study on 11 randomized control trials issued by Cui G et al. (2013) reported that laparoscopic resection could achieve similar outcomes in terms of the incidence of VTE,
which are associated with long-term benefits of the patients. The study involved 3058 individuals,
of whom 1677 were treated with laparoscopic therapy and 1381 underwent open surgery. The
combined results of the individual trials showed no statistically significant difference in the odds
ratio for overall VTE (odds ratio 0.64, 95% confidence interval, 0.33-1.23, P=0.18), as well as in
subgroups of deep vein thrombosis and anticoagulant prophylaxis between these 2 approaches.
Similarly, Catheline et al. [12 in PATEL] reported a low incidence of 0.3% in a series of 2,384
patients who were undergoing various gastrointestinal laparoscopic procedures after receiving perioperative LMWH thromboprophylaxis.
Antithrombotic prophylaxis reduces the incidence of VTE by approximately 70% in this setting
(Mismetti P et al. 2001). Thus current guidelines recommend the use of heparin prophylaxis after
cancer surgery.
(Kearon C et al. ACCP 2012). In a randomized study on cancer surgery, the incidence of venography-detected deep vein thrombosis or confirmed pulmonary embolism was 18.2% with unfractionated heparin and 14.7% with low molecular weight heparin (Enoxacan study Group 1997).
A 2.1% incidence of symptomatic VTE at 30 days after major cancer surgery has been reported,
despite the use of antithrombotic prophylaxis (Agnelli G et al. 2006).4
The laparoscopic approach for major cancer surgery has become increasingly common, but patients operated by this approach were excluded from most of the studies on prophylaxis of VTE
after cancer surgery (Nguyen NT et al. 2007). Conflicting data regarding the incidence of VTE
after laparoscopic surgery for colon-rectal cancer have been reported (Cheung HY et al. 2008; Lee
FY et al. 2001; Cui GG et al. 2013).
Kimura Y et al. (2016) reported a 18.3 % of asymptomatic VTE in 71 patients underwent laparoscopic surgery for gastrointestinal cancer. Thromboprophylaxis, antiembolism stocking and
IPC were used in all patients. Fondaparinux sodium was used in several patients. There were no
relationships between the development of VTE and perioperative factors such as cardiovascular
disease, operation time, blood loss, postoperative complications, and fondaparinux administration.
Neoadjuvant treatment (chemotherapy or chemoradiotherapy) was significantly associated with
VTE (p < 0.05). Plasma D-dimer levels were higher 7 days after surgery in patients with than without VTE, although the levels remained high after surgery in all patients.
Becattini C et al. (2015) reported a study in 305 patients underwent to laparoscopic surgery for
colorectal cancer with stage 0 or 1 (51%), the remaining stage 2 or higher and metastatic in 8 patients. Mean duration of surgery was 170±73 min and mean duration of post-surgical immobilization 32±20 h. All patients received prophylaxis with LWMH from 12h after surgery to ultrasound
assessment (CUS at day 8±2 from surgery). Overall, VTE was diagnosed in 54 patients (17.7%;
95%CI: 13.4%-22.0%) and all the events were DVT of the lower limbs: symptomatic in 2 patients
(0.7%) and proximal in 3 patients (1.0%), for an overall incidence of major VTE of 1.6% (95%CI:
0.2%-3.0%). Distal vein thrombosis was found in the peroneal (12 patients, 3.9%), tibial (7 patients, 2.3%) and muscular (33 patients, 10.8%) veins. Bilateral DVT was observed in 19 patients
(6.2%). Obesity (OR 2.91; 95%CI: 1.02-8.30) and advanced age (≥70 years) (OR 4.75; 95%CI:
2.42-9.29) were independent predictors for VTE.
No correlation was observed between VTE and sex, comorbidities, surgical site, surgical time
neo-adjuvant chemo- or radiotherapy, type of surgery (left or right hemicolectomy, rectal anterior resection, Miles or subtotal colectomy) and cancer stage lower or higher than 2. After surgery, 6 patients
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experienced a bleeding complication that was major in 4 (1.3%; 95%CI: 0-2.6%) but fatal in none.
Major bleeding was one case of intraperitoneal bleeding requiring further surgery in, two cases of
bleeding in the surgical site requiring transfusion of more than 2 packed units, and one case of a drop
in hemoglobin level of 5 g/dL requiring transfusion with no evidence of bleeding in the surgical site.
Clinically relevant non-major bleedings were rectal bleeding and a drop in hemoglobin level of 2 g/
dL not requiring transfusion in one patient each. This study shows that there is a substantial incidence
of VTE after laparoscopic surgery for colon-rectal cancer despite antithrombotic prophylaxis. In our
study, the majority of events were asymptomatic distal vein thrombosis of the lower limbs.
Only limited evidence of the incidence of VTE and on the clinical benefit of antithrombotic
prophylaxis after laparoscopic surgery for colorectal cancer is currently available. (Nguyen NT et al.
2007; Mall JW et al. 2001; Schwenk W et al. 1998).
Similar rates of symptomatic VTE have been reported after open or laparoscopic surgery for
colorectal cancer in retrospective studies. (Nguyen NT et al. 2007; Ohtani H et al. 2011) 5,13 In
this study, the incidence of postoperative VTE was 17% despite the use of heparin prophylaxis. This
rate seems to support the concept that the risk of post-operative VTE is not related to the surgical
technique (open vs. laparoscopic) but to major risk factors such as duration of surgery, presence of
cancer and age.
Clouston HW et al. (2016) reported female gender, open surgery and receiving a blood transfusion are associated with on-going hypercoagulability up to six weeks post operation. This may
represent a group where thromboprophylaxis should be targeted.
Moghadamyeghaneh Z et al. (2017) referred that VTE is uncommon following colorectal resections; however, a significant proportion occurs after patients are discharged from the hospital (33.8
%). The length of postoperative hospitalization appears to have a strong association with post-discharge VTE. High-risk patients may benefit from continued VTE prophylaxis after discharge. A total of 219.477 patients of the NSQIP database, which underwent colorectal resections. The overall
incidence of VTE was 2.1 % (4556). 33.8 % (1541) of all VTE events occurred after hospital
discharge. The length of postoperative hospitalization had a strong association with post-discharge
VTE, with the highest risk in patients who were hospitalized for more than 1 week after operation
(AOR 9.08, P < 0.01). Other factors associated with post-discharge VTE included chronic steroid
use (AOR 1.81, P < 0.01), stage 4 colorectal cancer (AOR 1.40, P = 0.03), obesity (AOR 1.37, P <
0.01), age >70 (AOR 1.21, P = 0.04), and open surgery (AOR 1.36, P < 0.01). Patients who were
hospitalized for more than 1 week after an open colorectal resections had a 12 times higher risk of
post-discharge VTE event compared to patients hospitalized less than 4 days after a laparoscopic
resection (AOR 12.34, P < 0.01).
Major surgery is one of the main risk factors for VTE and international guidelines recommend
antithrombotic prophylaxis in the peri-operative period. Recent guidelines suggest the use of a risk
stratification model to identify those patients at sufficiently high risk for post-operative VTE to
require pharmacological prophylaxis.1 In this model, either duration of surgery over 45 min or the
presence of cancer gives patients a moderate risk for post-operative VTE which is considered sufficient to require antithrombotic prophylaxis with LDUH or LWMH. The risk stratification model
assigns a similar risk for VTE to major open or laparoscopic surgery, the only influencing factor
being duration of surgery over 45 min. In our study, advanced age and obesity were independent
predictors of post-operative VTE, while some plausible risk factors (surgical time, cancer stage,
etc.) were not found to be associated with study outcome. Authors concluded that In conclusion,
approximately 15% of patients have postoperative VTE after laparoscopic surgery for colorectal
cancer, approximately 2% of these events are symptomatic or located in the proximal veins. Obesity
and advanced age are risk factors for venous thromboembolic complications.
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Clouston HW et al. (2016) reported Of 48 patients diagnosed with operable colorectal cancer, 8% have pre-operative asymptomatic DVT, and a further 6% develop DVT despite thromboprophylaxis. The subgroup of patients with lymph node involvement may benefit from more
aggressive anticoagulation as they are at increased risk of DVT despite extended course anticoagulation. Pre-operative D-dimer may offer a predictive method to identify patients at risk of post-operative DVT. Pre-operative D-dimer was higher in patients who developed a post-operative DVT
compared to those who did not [1,275 ng/L (95%CI: 780 - 1770 ng/L) vs 805 ng/L (95% CI:
632 - 980 ng/L) p=0.03].
Patients with inflammatory bowel disease (IBD) have a higher baseline risk of VTE, which
further increases with surgery. VTE after abdominal surgery occurs in 2% to 3% of patients with
Crohn’s disease and ulcerative colitis. However, no evidence-based guidelines currently exist to
guide postdischarge prophylactic anticoagulation. Brady MT et al. (2017) reported incidence DVT
rate in 7,078 patients undergoing surgery for Crohn’s disease or ulcerative colitis. Postdischarge
chemical prophylaxis was given to only 0.6% of patients in the study. Postdischarge DVT complication a 90-day developed in 3.3% of patients and was more common in patients with ulcerative
colitis than with Crohn’s disease (5.8% vs 2.3%; p < 0.001). Increased rates of venous thromboembolism were seen in patients undergoing colectomy or proctectomy with simultaneous stoma
creation compared with colectomy or proctectomy alone (5.8% vs 2.1%; p < 0.001).
The strongest predictors of thromboembolic complications were stoma creation (adjusted OR,
1.95; 95% CI, 1.34-2.84), J-pouch reconstruction (adjusted OR, 2.66; 95% CI, 1.65-4.29), preoperative prednisone use (adjusted OR, 1.57; 95% CI, 1.19-2.08), and longer length of stay (adjusted OR, 1.89; 95% CI, 1.41-2.52).
McKenna NP et al. (2017) reported the 30-day postoperative VTE risk in patients with chronic ulcerative colitis presented in the NSQIP database. A total of 18,833 patients met inclusion
criteria, with an overall rate of VTE of 3.8%. Among procedure risk groups, VTE rates were high
risk, 4.4%; intermediate risk, 1.6%; and low risk, 0.7% (across risk groups, p < 0.01). Emergent
case subjects exhibited a higher VTE rate than their elective counterparts (6.9% vs 3.1%). Factors
significantly associated with VTE on adjusted analysis included emergent risk case (adjusted OR =
7.85), high-risk elective case (adjusted OR = 5.07), intermediate-risk elective case (adjusted OR =
2.69), steroid use (adjusted OR = 1.54), and preoperative albumin <3.5 g/dL (adjusted OR = 1.45).
Authors concluded that Emergent status and operative procedure are the 2 highest risk factors for
postoperative VTE. Extended VTE prophylaxis might be appropriate for patients undergoing these
high-risk procedures or any emergent colorectal procedures.
Merrill A, Millham F (2012) reported that patients with IBD are at increased risk for developing
postoperative DVT or PE. This risk persists when potential confounding variables are controlled
for. Risk of DVT or PE appears to be even higher for patients with IBD who are having nonintestinal surgery. Cardiac and stroke risks do not appear to be increased by IBD. Of 268,703 National
Surgical Quality Improvement Program patients, 2249 (0.8%) had IBD. Occurrence of DVT or
PE was more common in patients with IBD (2.5%) overall (P < .001). Nonintestinal surgical cases
had a higher rate of DVT or PE (5.0%; P = .002). Regression analysis, controlling for confounders,
confirmed that IBD was associated with increased risk for DVT or PE (odds ratio = 2.03; 95% CI,
1.52-2.70). For nonintestinal surgery, risk of DVT or PE for patients with IBD was increased (odds
ratio = 4.45; 95% CI, 1.72-11.49). Inflammatory bowel disease had no effect on risk of postoperative myocardial infarction or stroke.
Gross ME et al. (2014) reported the 30-day postoperative VTE rate in a total of 45,964 patients
with IBD (8,888) and colorectal cancer (37,076), derived by American College of Surgeon National Surgical Quality Improvement Program (2005-2010). IBD patients VTE rate was significantly
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higher than in patients who had colorectal cancer (2.7% vs 2.1%, p < 0.001). In a model with
15 significant covariates, the OR for VTE was 1.26 (95% CI, 1.021-1.56; p = 0.03) for the IBD
patients in comparison with the patients who have colorectal cancer. So patients with IBD had a
significantly increased risk for postoperative VTE in comparison with patients who had colorectal
cancer. Therefore, post-discharge VTE prophylaxis recommendations for IBD patients should mirror that for patients who have colorectal cancer. This would suggest a change in clinical practice to
extend out-of-hospital prophylaxis for 4 weeks in postoperative IBD patients.
A retrospective study of Iannuzzi JC et al. (2016) reported a postdischarge VTE in 0.7% of the
cases, among 128,163 patients, suggesting that ulcerative colitis increases risk for postdischarge
VTE whereas Crohn’s disease does not. Ulcerative colitis postdischarge VTE rates exceeded even
those of malignancy, suggesting that a future study is necessary to determine the efficacy of extended duration thromboprophylaxis in high-risk benign conditions, such as ulcerative colitis.
The severity of VTE risk and the necessity of thromboprophylaxis for laparoscopic cholecystectomy is still being debated. Lindberg F et al.(1997), the average rate of clinical DVT was 0.03%
among 153.832 patients who were undergoing laparoscopic cholecystectomy. Gundogdu RH et al.
(2017) reported that the selective use of thromboprophylaxis does not significantly increase the risk
of bleeding after laparoscopic cholecystectomy and probably decreases the incidence of symptomatic thrombotic complications. No patients in this study experienced clinically symptomatic VTE.
Of the 1485 patients who were included in the study, 307 (20.67 %) having a low VTE risk, did
not receive any thromboprophylaxis; while 1178 (79.33 %) with a medium, high or a very high
risk received VTE prophylaxis. A bleeding complication occurred in 14 (1.18 %) patients receiving
prophylaxis and in 2 (0.65 %) patients not receiving prophylaxis (p = 0.548). No patients in this
study experienced clinically symptomatic VTE.
A systematic review and meta-analysis of overall 15 studies of Rondelli F et al. (2013) confirmed
that the rate of VTE after laparoscopic cholecystectomy seems to be relatively low. The clinical benefit of heparin prophylaxis for patients undergoing laparoscopic cholecystectomy remains unclear.
The incidence of VTE was lower after laparoscopic cholecystectomy than after open cholecystectomy [odds ratio (OR), 0.47; 95 % confidence interval (CI), 0.40-0.56]. No statistically significant
reduction in VTE was observed in patients receiving heparin prophylaxis after laparoscopic cholecystectomy (OR, 0.86; 95 % CI, 0.12-5.82)
Stein PD et al. (2014) referred in 4,107,430 underwent laparoscopic cholecystectomies an
in-hospital prevalence is low and fatal PE is rare (PE=0.15%, DVT=0.40% and VTE=0.53%).
The prevalence of PE increased from 0.04% in patients aged 21 to 30 years to 0.31% in patients
aged 71 to 80 years. Deaths due to in-hospital PE were 780 (0.02%) of the 4 107 430 laparoscopic
cholecystectomies. The rate of death increased with age. The risk of VTE increased with age, as did
the risk of death in those who had PE. These data may be useful in assessing the use of thromboprophylaxis in patients undergoing laparoscopic cholecystectomy.
Bariatric
Venous thromboembolism (VTE) is a major cause of morbidity and mortality in bariatric surgery patients. The reported incidence of DVT in the bariatric population ranges between 0.2% to
2.4% and the incidence of PE from 1% to 2%.(Simone EP et al. 2008; Hamad GG et al. 2005;
Sapala JA et al. 2003; Gonzalez QH et al. 2004) These events though rare can be devastating. The
overall mortality rate following gastric bypass is reported to be between 0.5% and 1% with PE being the most common cause. The reported incidence of fatal PE ranges between 0.2% and 0.64%,
(Schauer PR et al. 2000; Fobi MA et al. 1998) accounting for 30% to 50% of all deaths in bariatric
surgery patients. (Melinek J et al. 2002; Bajardi G et al. 1993)
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Laparoscopic techniques in bariatric surgery required an acute angulation at the knee when
the patient is placed in a modified lithotomy and steep reverse Trendelenberg position, which are
known to decrease lower extremities venous blood return (Papaziogas B et al. 2007). The potential
thrombogenic effect may be overridden by lowering the coagulation cascade activation postoperatively and may still be associated with less VTE risk compared to open surgery, which causes
significant abdominal wall trauma (Diamantis T et al. 2007). The incidence of VTE among super
obese patients (BMI > 55 kg/m2) who underwent open gastric bypasses (OGB) compared with a
similarly matched group of laparoscopic gastric bypasses (LGB) was 2.1% (four events) versus 0.9%
(1 event) (Diamantis NJ et al. 2006). The authors observed that despite the theoretical hindrance to
venous return and vena cava compression observed with pneumoperitoneum, fewer PEs occurred
in the laparoscopic group. Although 90% of obese patients now undergo laparoscopic surgery
for weight loss, open surgery was associated with significantly higher incidence of VTE in LABS
as compared to those undergoing only laparoscopic surgery (1.73% versus 0.32%, p<0.001). In
contrast, a study of 3.861 patients undergoing bariatric procedures at a single institution between
1980 and 2004 reported no difference in the incidence of PE between open (0.84%) and laparoscopic (0.88%) surgery patients (Carmody BJ et al. 2006). The same result is reported by Cui G
et al. (2014) in eleven randomized control trials involving 3058 individuals, of whom 1677 were
treated with laparoscopic therapy and 1381 underwent open surgery. The combined results of
the individual trials showed no statistically significant difference in the odds ratio for overall VTE
(odds ratio 0.64, 95% confidence interval, 0.33-1.23, P=0.18), as well as in subgroups of DVT
and anticoagulant prophylaxis between these two approaches. A study of Escalante-Tattersfield T
et al. (2008) reported an overall rate of DVT in the group of 500 consecutive patients was 0.2%,
with no clinically significant pulmonary embolism. All patients undergoing laparoscopic Rouxen-Y gastric bypass, received the same thromboprophylaxis regimen and were followed with lower
extremity color Doppler ultrasonography within the first 24 hours after the surgical procedure. In
a review of deaths after laparoscopic gastric banding (LAGB) reported in the literature, data from
9.682 patients were collected from 24 articles and 48 (0.51%) deaths were reported (Gagner M et
al. 2008). PE was the most frequent cause of death, in 11 (22.9%) patients, with an incidence at
0.11%, or 1 in every 1000 patients.
Biliopancreatic diversion with duodenal switch (BPD-DS) is another bariatric procedure,
which is performed mainly for super morbidly obese patients, who are inherently associated with a
higher incidence of co-morbidity. A study of Rezvani M et al. (2014) showed in 362 patients that
the prevalence of VTE within 90 days after BPD-DS is relatively low (overall rate 3.3% - 2.2%
DVT and 1.1% PE) and comparable to other weight loss procedures. VTE complications were
more common in females than males (83.3% versus 16.6%, respectively). Overall risk of postoperative VTE after laparoscopic BPD-DS appears to be associated with the length of operation (P=0.02)
and hospital stay (P=0.0005).
Krell RW et al. (2014) reported that in resident laparoscopic gastric bypass is independently
associated with wound infections and VTE. The effect appears to be mediated in part by longer
operative times. These findings highlight the importance of strategies to assess and improve resident
technical proficiency outside the operating room. In 17.057 patients the risk-adjusted 30-day complication rates with and without residents were 13% and 8.5%, respectively (p < 0.01). Resident
involvement was independently associated with wound infection (odds ratio [OR] = 2.06; 95% CI,
1.24-3.43) and VTE (OR = 2.01; 95% CI, 1.19-3.40), but not with any other medical or surgical
complications. Operative duration was longer with resident involvement (median duration with
residents 129 minutes vs 88 minutes without; p < 0.01). After adjusting for operative duration,
resident involvement was still independently associated with wound infection (OR = 1.67; 95% CI,
1.01-2.76), but not VTE (OR = 1.73; 95% CI, 0.99-3.04).
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Although infrequent Safdie FM et al. (2015) underlying DVT events of the upper extremity in
a group of 1503 patients, with a rate of 0,3%.
The guidelines for VTE prophylaxis in the “open surgery” era may no longer apply in an era
where the majority of surgery is performed laparoscopically. No uniform VTE prophylaxis regimen
for bariatric surgery exists in bariatric surgery; however, most surgeons advocate the use of some
form of prophylaxis mechanical, pharmaceutical, or both. (Gonzalez QH et al. 2004; Geerts WH
et al. ACCP 2004; ASMBS Position Statement 2007; Richardson W et al. 2007) A 2007 position
statement by the American Society for Metabolic and Bariatric Surgery acknowledges the importance of early ambulation and IPC use and recommends the use of chemoprophylaxis in all bariatric surgery patients unless contraindicated. It also recognizes that the choice of anticoagulant, dose,
duration, and the role of inferior vena cava filters are controversial and recommendations have not
been established (Jorgensen JO et al. 1994).
The Society of American Gastrointestinal and Endoscopic Surgeons guidelines recommend the
routine use of IPC and either LDUH or LMWH for laparoscopic gastric bypass patients (Wilson
YG et al. 1994). In response to these 2 statements, routine anticoagulation is common practice
among bariatric surgeons. According to a recent survey, 95% of bariatric surgeons use chemical
prophylaxis to prevent venous thromboembolism (Barba CA et al. 2009).
The use of anticoagulants does not come without a price, however. Several authors that routinely used pharmaceutical prophylaxis reported acceptable rates of VTE but often at an increased
risk of intraluminal bleeding. Bleeding at the gastrojejunostomy can at times stop spontaneously,
and patients may be treated conservatively with only blood transfusions. If the bleeding continues,
however, endoscopic management may be required, increasing the risk of anastomotic perforation.
Bleeding at the jejunojejunostomy is even more problematic, because if it does not stop spontaneously, reoperation and revision of the anastomosis is necessary. Furthermore, even if the bleeding
does stop, the presence of a hematoma places the anastomosis at a high risk for disruption. A literature review of 5 studies (Hamad GG et al. 2005; Brasileiro AL et al. 2008; Kothari SN et al. 2007;
Miller MT and Rovito PF 2004; Cotter SA et al. 2005) using pharmaceutical prophylaxis demonstrated acceptable rates of VTE events but with an incidence of major postoperative hemorrhage
as high as 5.9%. This is in contrast to studies, utilizing mechanical prophylaxis, early ambulation
and hydration where not only were postoperative bleeding rates significantly lower but in addition
the incidence of DVT and PE was not only comparable but also often superior.(Clements RH et
al. 2009)
Kothari SN et al. (2007) compared two different anticoagulation regimens in 476 patients. They
reported no DVTs and only one PE. But in the enoxaparin cohort, 5.9% of patients required postoperative transfusion, and 1.7% required reoperation for bleeding. In another study, Miller MT
and Rovito PF (2004) evaluated the outcomes of 250 patients using their anticoagulation regimen.
Their overall incidence of VTE was 1.2%, with a postoperative bleeding incidence of 2.4%. Magee
CJ et al. (2010) referred a postoperative VTE incidence was 0% in a total of 735 patients underwent laparoscopic bariatric surgery, all of whom received dalteparin 2500 IU preoperatively, followed by 5000 IU daily postoperatively. The treatment period was 1 week for laparoscopic gastric
banding or 3 weeks for all other procedures. Inferior vena cava filters were used in selected patients
with thrombophilia, a history of pulmonary embolism, or >1 episode of deep vein thrombosis.The
30-day and 90-day all-cause mortality rate was 0%. A total of 3 adverse bleeding events occurred.
In a systematic review and meta-analysis of 19 studies, Becattini C et al. (2012) showed that
the rate of VTE after laparoscopic bariatric surgery seems to be relatively low with standard regimens for antithrombotic prophylaxis. The incidence of major bleeding seems to increase using
weight-adjusted doses of heparin with no advantage in terms of VTE reduction. The weighted
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mean incidence (WMI) of PE was 0.5% (12 events in 3991 patients, 12 studies; 95% confidence
interval [CI] 0.2-0.9%; I2 38%) with LDUH (5000 UI twice or 3 times daily) or LWMH (30
mg twice daily or 40 mg once daily). The WMI of major bleeding as originally reported in 7 of
these studies was 3.6% (2741 patients; 95% CI 0.9-7.95; I294%). The WMI of screened VTE in
3 high-quality studies with different regimens of heparin prophylaxis was 2.0% (8 events in 458
patients; 95% CI 0.9-3.5%; I2 0%). The WMI of symptomatic VTE was .6% (4 studies; 7 events
in 1328 patients; 95% CI 0.3-1.1%; I2 0%) and that of major bleeding was 2.0% (95% CI 1.03.4%; I2 55%), with weight-adjusted doses of heparin prophylaxis.
The routine use of chemoprophylaxis is not universal, however. Clements RH et al.(2009) reported that the use of mechanical prophylaxis with IPC, early ambulation, and short operative
times were as effective as chemical prophylaxis in the prevention of VTE. Frantzides CT et al.
(2012) evidentiated the same result using IPC, early ambulation, emphasis on hydration, and
shorter operating times. A total of 1.692 patients undergoing laparoscopic gastric bypass were divided in two groups, basing on postoperative care protocol: Group A (435 patients) received after
surgery routine postoperative enoxaparin 40mg subcutaneously twice daily along with calf length
IPC; Group B (1,257 patients) received only IPC without pharmacological anticoagulation. Patients with a personal or family history of a hypercoagulable state, or a family history of VTE did
receive postoperative enoxaparin. Selective pharmacologic anticoagulation, in high-risk patients
only. All patients in Group B were admitted to a floor with telemetry monitoring, were aggressively
hydrated, and required to ambulate within 2 hours of arrival to the floor. Mean operating time
was 144±26 minutes (Group A) and 126±15 minutes (Group B). Mean length of stay was 2.3±1.5
days for Group A and 1.4±1.2 for Group B. Intraluminal bleeding occurred in 21 patients (4.8%)
in Group A and 5 (0.9%) in Group B; none required intervention. Five PE occurred in Group A
(1.1%) and none in Group B. Seven patients in Group A (1.7%) and 6 (0.47%) in Group B had
clinically evident DVT. Two non-VTE related deaths occurred in Group A.
Clements RH et al. (2009) demonstrated an adequate VTE prophylaxis using calf-length IPC,
early ambulation, and relatively short operative times, without pharmacologic anticoagulation in a
group of 957 patient undergoing laparoscopic Roux-en-Y gastric bypass. All patients have no earlier history of VTE. Of the 957 patients, 792 were women and 165 were men. Mean age was 41.0
+/- 0.3 years, BMI was 49.1 +/- 0.2, and American Society of Anesthesiology scores 2 (29.8%), 3
(69.8%), and 4 (0.4%). Mean operative time was 106.0 +/- 0.8 minutes. Clinically evident DVT
developed in three patients (0.31%) and one patient had a PE (0.10%). The one mortality in the
cohort was unrelated to VTE. There were seven (0.73%) bleeding complications, of which one resolved without treatment, two required reoperation, and four required blood transfusions.
A study of Sederino MG et al. (2016) explored the incidence of the postoperative DVT and
the cell damage from compartment iatrogenic syndrome, analyzing two groups of patients operated laparoscopically over a period at least 90 minutes, one of which assisted with a IPC. The
venous flow in the lower limbs was detected with the Echo Colour Doppler method, and only
one of the two groups was assisted with the IPC. All patients had a follow-up was extended for 5
years at the interval of 7 days, 14 days, 30 days, 3 and 5 years.The results were confirmed that the
application of IPC is able to neutralize the negative effect of the PNP reducing the possible risk
of thromboembolic venous stasis and the improvement of lactic acid and of myoglobinemia are
attributable to a reduction of preload. With the use of IPC, it decreases venous stasis, improves
venous return and cardiac output increases, preventing cell damage by hypoperfusion. The use
of a IPC applied to the lower limbs allows an increase in venous return from the lower limbs so
reducing the risk of DVT.
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Gynecologic
Current guidelines recommend VTE thrombopropylaxis in the immediate postoperative period
for patients undergoing open surgery. However, the VTE prophylaxis recommendations for women
undergoing minimally invasive gynecologic surgery are not as well established. The risk of VTE
in this surgery appears to be low based on retrospective analyses. To date, there are no established
guidelines that specifically provide a standard of care for patients undergoing minimally invasive
gynecologic surgery for benign or malignant disease (Ramirez PT et al. 2013).
The American Society of Clinical Oncology (ASCO), the National Comprehensive Cancer Network (NCCN), and the American College of Obstetrics and Gynecology (ACOG) guidelines recommend consideration of continuing prophylaxis for up to 28 days following surgery. The American
College of Chest Physicians (ACCP) guidelines (2012) include the more definitive recommendation that VTE prophylaxis be continued for 28 days after surgery. The recommendation for extended prophylaxis in gynecologic cancer patients are derived from two randomized controlled trials
indicating that prolonged thromboprophylaxis reduces the incidence of postoperative VTEs. The
first study was a double-blinded, multicenter trial in which patients undergoing planned curative
open surgery for abdominal or pelvic cancer received enoxaparin (40 mg subcutaneously) daily for
6 to 10 days. Patients were then randomly assigned to receive either enoxaparin or placebo for another 21 days. The results showed a 60% relative reduction and a 7% absolute reduction in the risk
of postoperative VTE (Bergqvist D et al. 2002). In a subsequent study, the investigators evaluated
the efficacy and safety of thromboprophylaxis with the low molecular weight heparin (dalteparin),
administered for 28 days vs. 7 days following major abdominal surgery for cancer. The results
showed that the cumulative incidence of VTE was reduced from 16.3% among patients receiving
short-term thromboprophylaxis to 7.3% among patients receiving prolonged thromboprophylaxis
(Rasmussen MS et al. 2006). Interestingly, a recent survey of the Society of Gynecologic Oncology
membership showed that the rate of extended prophylaxis (8-30 days) in patients who had major
surgery and cancer was as low as 11% (Martino MA et al. 2007).
There are no definitive guidelines referring to prevention of VTEs in patients undergoing minimally invasive surgery, including laparoscopic and robotic surgery for paucity of data. ACCP recommends only early ambulation for patients undergoing laparoscopic surgery, unless they have
other risk factors for VTE. ACOG recommends thromboprophylaxis on the basis of patient and
procedure risk factors, regardless of whether the procedure is open or performed laparoscopically.
ASCO proposes that there are limited data regarding the benefit of thromboprophylaxis in patients
undergoing laparoscopic surgery, and consequently propose guidelines stating that patients undergoing laparoscopy lasting longer than 30 minutes should receive pharmacologic thromboprophylaxis with either UFH or LMWH unless contraindicated because of high risk of bleeding or active
bleeding. The ASCO guidelines also state that in the absence of prospective data, standard prophylactic regimens may be tailored according to individual patient risk factors for patients undergoing
minimally invasive surgery.
There is no consensus on the use of preoperative thromboprophylaxis in patients undergoing
minimally invasive surgery. Many concerns over intraoperative and postoperative bleeding have led
many surgeons to avoid or delay the administration of pharmacologic thromboprophylaxis until
the postoperative period. Administration less than 2 hours before surgery is associated with an increase in major bleeding. There are no randomized trials in gynecologic surgery that deal with the
issue of timing of initiation of pharmacologic thromboprophylaxis. There is a large retrospective
study of 9,949 women who underwent hysterectomy for benign conditions and it concluded that
postoperative rather than preoperative administration of UFH or LMWH may reduce the risk of
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bleeding complications after hysterectomy without apparent risk of increased venous thromboembolism.
A recent survey of the Society of Gynecologic Oncology membership indicated that there is
significant variation in the patterns of use of thromboprophylaxis after minimally invasive surgery (Worley MJ et al. 2013). Investigators found that most respondents (51.2%) did not routinely use preoperative pharmacoprophylaxis. Among those who did use preoperative pharmacoprophylaxis, prophylaxis was discontinued upon hospital discharge, regardless of benign (73.5%)
or malignant (53.3%) pathology. The investigators noted that for laparoscopy in patients with
known or suspected malignancy; combination prophylaxis (IPC and pharmacoprophylaxis) was
the preferred method of thromboprophylaxis (preferred by 71% of respondents). For low-complexity procedures, the most common form of thromboprophylaxis was IPC alone (preferred by
76% of respondents).
A study by Schmeler KM et al. (2013) showed that median time between surgery and VTE was
57 days prior to implementation of strict guidelines of routine treatment with 28 days of anticoagulation in the immediate postoperative period. Martino MA et al. (2006) estimated the incidence
of PE among 507 patients with known or suspected gynecologic cancer undergoing major intraabdominal surgery, including laparoscopy, and found that the risk of postoperative PE in patients
with a diagnosis of cancer was 14 times the risk of postoperative PE in those with benign disease.
It has been suggested that the risk of VTE may be reduced in patients undergoing minimally
invasive gynecologic surgery compared to open surgery because minimally invasive surgery is associated with less surgical trauma, infrequent use of retractors, shorter hospital stay, and faster return
to daily activities; however, to date, there are no published prospective studies evaluating this important question in gynecologic surgery.
A prospective study of Ageno W et al. (2007) about 266 consecutive patients undergoing gynecologic laparoscopy for benign indications. The investigators used compression ultrasonography
and clinical assessment to determine the incidence of clinically relevant VTEs. No patient received
pharmacologic or mechanical prophylaxis. The most common indications for surgery were ovarian
cysts and endometriosis. The mean duration of surgery was 60.5 minutes (range, 10-300 minutes).
The investigators found that there were no episodes of DVT in any of the patients. The authors
concluded that gynecologic laparoscopy in noncancer patients is associated with a low risk of postoperative VTEs.
Nick AM et al. (2010) estimated the incidence of thromboembolism within 6 weeks in patients
undergoing low- and intermediate-complexity, minimally invasive surgery was low (0,7%), even
among patients with a gynecologic malignancy. Patients undergoing high-complexity, minimally
invasive procedures may benefit from postoperative anticoagulation. Six of 849 patients developed
symptomatic VTE (0.7%, 95% confidence interval: 0.024-1.44%). The median time to diagnosis of VTE was postoperative day 15.5 (range, 1-41 days), median body mass index was 25.4
kg/m (range, 18.4-50 kg/m), median operative time was 176 minutes (range, 53-358 minutes),
and median estimated blood loss was 125 mL (range, 10-250 mL). Five of 430 (1.2%) patients
with a history of gynecologic malignancy developed postoperative thromboembolic events. Venous
thromboembolism was diagnosed in three of 662 (0.5%) patients undergoing intermediate complexity procedures and three of 106 (2.8%) patients undergoing high-complexity procedures. Three
patients with venous thromboembolism (50%) had a history of at least one previous modality of
cancer treatment before laparoscopy. One patient (17%) had DVT only, four (67%) had pulmonary emboli without an identified DVT, and one (17%) had both. There were no associated mortalities. The authors concluded that patients undergoing high-complexity procedures may benefit
from postoperative anticoagulation.
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A subsequent study by Ritch JM et al. (2011) examined the risk of VTE and the use of thromboprophylaxis in women undergoing laparoscopic hysterectomy. In 60.013 women, 579 (1%) VTEs
were noted. Venous thromboembolism was diagnosed in 2,1% of women aged 60 years or older
and in 2.3% of women with cancer. Interestingly, 23.562 patients (39,3%) received no thromboprophylaxis, 29.288 (48,8%) received mechanical prophylaxis, and 7.163 (11,9%) received pharmacologic prophylaxis. The authors also noted that the number of patients in a physician’s practice
was an important factor in prophylaxis, with patients treated by high-volume physicians being more
likely to receive pharmacologic prophylaxis. The authors concluded that among patients undergoing laparoscopic hysterectomy, older women, women with medical comorbidities, and women with
cancer are at substantial risk of VTE and that prophylaxis use is highly variable. These investigators
suggested the use of pharmacologic prophylaxis in women older than 60 years of age, with medical
comorbidities, and with cancer.
In a recent study, Sandadi S et al. (2012) specifically evaluated the incidence of postoperative
VTE among patients undergoing minimally invasive surgery for endometrial cancer in a total of
573 patients. Postoperative LWMH was administered to 125 patients (22%) during their immediate postoperative hospital stay. All patients had sequential compression devices placed intraoperatively and continued during hospitalization. Seven patients (1,2%) developed symptomatic VTE.
The investigators found that factors associated with increased risk of postoperative VTE were body
mass index of 40 kg/m2 or higher and an operative time of 180 minutes or more. The incidence
of VTE was 9,5% in this high-risk group, compared with 0.6% in all other patients. The authors
noted that postoperative LMWH was administered to 45% of patients in the high-risk group compared to 20% of the other patients.
The most recent evaluation of the prevalence of VTEs after minimally invasive surgery specifically looked at (2013).
A retrospective multi-institutional study of Kumar S et al. (2013) that determined the 30-day
prevalence of VTEs following minimally invasive surgery in 558 patients with endometrial (90% of
the cases) and cervical cancer (10% of the cases). The modalities of hysterectomy included robotic
(88%), vaginal (9%), and laparoscopic (3%). The methods of thromboprophylaxis were sequential
compression devices (100%) and heparin (39%). There were no VTEs during the hospital stay, and
the 30-day prevalence of VTEs was 0.5%. The authors stated that the existing guidelines proposed by
American Society of Clinical Oncology (ASCO) and the American College of Obstetrics and Gynecology (ACOG) for predicting the risk of VTEs within 30 days after surgery are based on results from
open surgery and may not be applicable to patients undergoing minimally invasive surgery.
An important prospective randomized trial of the Gynecologic Oncology Group compared open
versus laparoscopic hysterectomy for endometrial cancer (GOG-LAP2). A total of 1.682 patients
were randomly assigned 2:1 to laparoscopy (74% of the cases) or open surgery. The rate of documented PE for patients undergoing laparoscopic surgery was 1%. There were no differences in the
incidence of VTE between patients undergoing open and laparoscopic hysterectomy.
A recent study by Cain K et al. (2012) aimed to determine the average patient cost for filling
a prescription for extended-duration enoxaparin prophylaxis. That study included women who
underwent major abdominal/pelvic surgery for confirmed gynecologic malignancy. Patients who
underwent minimally invasive surgery were excluded. The study included 364 patients and found
that the average patient cost for 28 days of enoxaparin prophylaxis was $62 (median, $21; range,
$0-$1210). The investigators concluded that at least 90% of patients filled their prescription regardless of cost.
Bouchard-Fortier G et al. (2014) reported a low symptomatic VTE rate after 30-days (0,57%)
in patients undergoing minimally invasive surgery (MIS) for a gynecologic malignancy (endome94

trial, cervical or ovarian cancer) despite no VTE prophylaxis. The benefits of routine use of VTE
prophylaxis in this population are questionable.
Of the 419 patients who underwent MIS for a gynecologic cancer, 352 (84%) received no VTE
prophylaxis. At least a total laparoscopic hysterectomy (simple or radical) or pelvic lymph node
dissection was performed in 95% of these patients. The median length of surgery was 137 min
and 95% of patients were discharged home within 1 day of surgery. The rate of VTE in the 352
untreated patients was 0.57% (1 pulmonary embolism and 1 deep vein thrombosis). There were no
VTE diagnosed within 30 days of surgery in the 67 patients who received anticoagulant thromboprophylaxis.
Freeman AH et al. (2016) reported VTE within 30 days following surgery in women undergoing robotic or laparoscopic hysterectomy for endometrial carcinoma or complex hyperplasia with
atypia. In this study were included 1.413 patients (739 robotic and 674 laparoscopic cases), without
known thrombophilia, VTE history, or long-term anticoagulation. All women received mechanical
prophylaxis per hospital policy and 61% had additional pharmacologic prophylaxis. The rate of
VTE was 0.35% (5/1413), which did not differ among those who received pharmacologic compared to mechanical prophylaxis (0.23% [2/865] versus 0.55% [3/548] respectively, p=0.38). No
factors were associated with increased risk of VTE due to the low event rate. The Authors concluded
that VTE in patients undergoing minimally invasive surgery for endometrial cancer was very low
irrespective of the mode of prophylaxis received in this large cohort, highlighting that mechanical
prophylaxis is sufficient for these women. National guidelines for VTE prophylaxis need to differentiate the low risk associated with minimally invasive surgery surgery from the risk associated with
laparotomy for endometrial cancer.
A study of Madhi H et al. (2016) in 2.219 woman who underwent at least one major laparoscopic surgery for uterine, ovarian, and cervical cancers showed that the rate of VTE is low after
major laparoscopic surgery for gynecologic cancers but is associated with increased 30-day mortality. Universal or extended thromboprophylaxis does not appear to be indicated for all patients.
VTE diagnosis in 15 patients (0.7%) were diagnosed with VTE within 30 days after surgery. Six
patients (0.3%) were diagnosed before discharge, and 9 patients (0.4%) were diagnosed after discharge. The median time from surgery to diagnosis was 6 days (range, 0-28 days). Although most
patients included in the study had uterine cancer (86%, n = 1913), no difference was noted based
on the site of cancer (0.5% for cervical cancer, 0.7% for endometrial cancer, and 0.8% for ovarian
cancer; p = 0.95). There was no difference in rate of VTE when stratified by age (p = 0.10), body
mass index (p = 0.68), diabetes (p = 0.22), smoking (p = 0.60), respiratory morbidities (p = 0.55),
cardiac disease (p = 0.22), hypertension (p = 0.13), preoperative blood transfusion (p = 0.90), or
American Society of Anesthesiologists class (p = 0.10). There was a trend toward higher risk of VTE
among patients with disseminated cancer compared with those with early cancers (3.6% vs .6%, p
= 0.05). No difference was found in the risk of VTE based on operative time (0.7% for <2 hours,
0.6% for 2-3 hours, and 0.7% for >3 hours; p = 0.96). No difference was noted in the risk of VTE
among those who underwent lymphadenectomy compared with those who did not (.9% vs .5%,
p = 0.35). In multivariable logistic regression analysis adjusting age (p = 0.12), body mass index (p
= 0.90), operative time (p = 0.71), and lymphadenectomy (p = 0.30), none of these variables was
significantly associated with risk of VTE. In multivariable analysis adjusting for other confounders,
VTE within 30 days was a significant predictor of higher 30-day mortality (OR, 26.0; 95% CI,
2.2-306.9; p = 0.01).
Barber EL et al. (2016) reported that minimally invasive surgery (laparoscopic or robotic) to
30-day postoperative for the treatment of endometrial cancer is independently associated with decreased odds of VTE compared with open surgery. Of 9.948 patients who underwent hysterectomy
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for the treatment of endometrial cancer, 61,9% underwent minimally invasive surgery and 38,1%
underwent open surgery. Patients undergoing minimally invasive surgery had a lower VTE (0.7%,
n=47) than open surgery patients (2.2%, n=80) (p<0.001). In a multivariate model adjusting for
age, BMI, race, operative time, Charlson comorbidity score, and surgical complexity, minimally
invasive surgery remained associated with decreased odds of venous thromboembolism (aOR 0.36,
95% CI 0.24-0.53) compared with open surgery.
Kim JS et al. (2017) demonstrated that 30-day and 60-day VTE rates after minimally invasive
surgery robotic hysterectomy for endometrial cancer were low (overall rates were 0.7% and 1.2%
respectively). There were no significant differences in 30-day and 60-day VTE rates among patients
that did and did not receive extended pharmacologic prophylaxis, although a trend toward lower
VTE rates in the extended pharmacologic prophylaxis group was observed (30-day rates 0.5% vs
2.8% respectively, P = 0.25; 60-day rates 0.8% vs 5.6%, P = 0.07). A total of 403 patients were included, of which 367 patients (91%) received extended pharmacologic prophylaxis and 36 patients
(9%) did not. LMWH prescriptions ranged from 7 to 30 days. Patients receiving extended prophylaxis (EP) were older (63 ± 11 vs 57 ± 12; P = 0.004), more frequently underwent lymphadenectomy (67% vs 34%; P < 0.001), and had higher-grade tumors compared with patients not receiving
extended pharmacologic prophylaxis.
VTE risk during laparoscopy has not been defined exactly yet and therefore it is recommended
that prophylaxis be carried out after assessing the individual risk for the patient. In the presence of
some risk factors, a choice can be made indifferently among UFH in low doses, LMWH, anti-embolism stockings or IPC.
In summary, the following can be recommended:
- low risk: no drug treatment, early mobilization and possibly compression with anti-embolism
stockings (particularly in patients with mobilization difficulties, e.g. the elderly)
- medium risk: UFH 5000 U.I. every 12 hours (first injection 2 hours before surgery) or LMWH
from 2000 to 3500 U.I. anti-Xa - depending on the preparation - once a day (first injection 2-4
hours before surgery) and anti-embolism stockings or IPC.
- high risk: UFH 5000 U.I. three times a day (first injection 2 hours before surgery) or LMWH
from 3800 to 5000 U.I. anti-Xa - depending on the preparation - once a day (first injection 1012 hours before surgery) and anti-embolism stockings or IPC.
In patients operated for neoplasia a prophylaxis with LMWH and elastic compression for at least
a month is recommended, to be continued during radiotherapy, should that be the case.
Urology
The DVT risk in urologic patients undergoing an open pelvic surgery, including radical cystectomy and prostatectomy, was estimated to be 22%-32% without prophylaxis (Allgood RJ et al. 1970;
Nicolaides AN 2001), suggesting that these results are similar to the rates of thromboembolic complications associated with other general surgeries. The introduction of pharmacological prophylaxis,
early mobilization and the use of IPC reduced to more contemporary rates of 1-5% (Zincke H et
al. 1994; Dillioglugil O et al. 1997; Heinzer H et al. 1998).
In laparoscopic procedures the patient’s position such as the lateral flank position during kidney/
adrenal gland surgery or the lithotomy position during prostate/urinary bladder surgery may be
another risk factor that predisposes to decreased venous return, thereby increasing the risk of VTE.
Moreover there are no uniform guidelines for the use of chemoprophylaxis, and little evidence is
available to justify a routine prophylactic anticoagulation treatment for laparoscopic surgery. Unfortunately, there are no randomized prospective studies that address the development of DVT in
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urologic laparoscopic surgery; however, several reports in the literature have retrospectively reviewed
symptomatic DVT and PE occurrences in patients with prostate cancer undergoing laparoscopic or
robot-assisted laparoscopic radical prostatectomy. A study of Secin FP et al. (2007) that evaluated
5.951 patients from 13 referral centers in Europe and the United States who underwent radical
prostatectomy via a minimally invasive approach found that the rate of DVT was 0.5% while the
rate of PE was 0.2%. The median time to development of DVT was 10 days, while the median
time to development of PE was 11 days. Interestingly, the investigators found that the incidence of
VTE did not differ according to whether surgery was performed by laparoscopy or by the robotics
approach. Also of note, all patients in the study had prophylaxis with ce and/or IPC on the lower
limbs; however, heparin prophylactic regimens varied substantially among institutions. Another
study involving a retrospective analysis of patients undergoing laparoscopic or robot-assisted laparoscopic radical prostatectomy found only 2 cases (0.3%) of DVT among 680 patients (Hu JC et
al. 2006). In 482 laparoscopic nephrectomies conducted, one PE case (0.2%) was noted, although
it is unclear whether any DVT prophylaxis treatments were included (Rassweiler J et al. 1998).
These reports suggest that the DVT risk in urologic laparoscopic surgery appears to be lower, but
accurate DVT rates may be higher if screening imaging techniques are utilized rather than clinical
observations.
The American Urological Association recommends IPC for urologic laparoscopic and robot-assisted procedures but provides no clear recommendations for the use of pharmacologic prophylaxis. In addition, noting the lack of large RCTs, high-risk groups may require the use of LDUH
or LMWH before, during, or after surgical procedures (Forrest JB et al. 2009). In contrast, Van
Hemelrijck M et al. (2012) concluded that both physiotherapeutic and pharmacological prophylaxis should be used after all major surgeries including laparoscopic surgery for prostate cancer.
Furthermore, in guidelines published by the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES), the use of LMWH is recommended as an option for all types of laparoscopic
surgery. In addition, a recent report on efficacy of enoxaparin in patients undergoing abdominal or
pelvic cancer surgery has indicated that enoxaparin can offer patients an advantage over using IPC
alone for VTE prevention (Sakon M et al. 2010).
Current ACCP guidelines recommend medical prophylaxis in patients undergoing major surgery for a malignancy, including those undergoing laparoscopic urologic surgery. However, these
recommendations were based on gynecological and colorectal series, which do not address speciﬁc
operative and disease states in patients undergoing RALP. Data are limited regarding the benefits
of heparin prophylaxis for patients undergoing minimally invasive urologic surgery. Moreover it
needs a tailored outcome prediction model to better assist urologists risk stratify patients undergoing robot-assisted partial nephrectomy and counsel them on individual surgical risks. Winoker JS
et al. (2017) reported that ACS NSQIP® (American College of Surgeons National Surgical Quality
Improvement Program®) risk calculator poorly predicted and discriminated which patients would
experience complications after robot-assisted partial nephrectomy. The observed rate of any complication in preoperative details of 300 randomly selected patients was 14%, while the mean predicted
rate of any complication using the calculator was 5.42%.
There is a paucity of definitive evidence that supports the use of enoxaparin to prevent VTE after
urologic laparoscopic surgery. Nomura T et al. (2013) reported in 63 patients that use of enoxaparin
immediately after a surgery and associated a IPC may confer valuable thromboprophylaxis benefits
for urologic laparoscopic surgery (24 nephrectomies, 10 adrenalectomies, 9 nephroureterectomies,
5 cystectomies, 5 partial nephrectomies, 4 donor nephrectomies, 2 prostatectomies, 2 nephroureterectomies with cystectomies, 1 pyeloplasty, and 1 renal cyst decortication). All patients received
postoperative prophylaxis with enoxaparin (2000 IU twice daily for 5 days). IPC started the day
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of intervention and continued until patients were completely mobile. None of the patients treated
with enoxaparin developed symptomatic VTE, but two cases (3.2%) of pulmonary embolism were
noted before initial enoxaparin administration. Statistically significant differences were observed
between the prothrombin time (PT) and activated partial thromboplastin time (APTT) values and
D-dimer levels obtained at baseline and on day 7 after surgery; however, the PT and APTT values
did not exceed the normal range. In addition, signs of any adverse events were not encountered in
any of the patients treated with enoxaparin.
Open partial nephrectomy remains the gold standard for treatment of small renal masses (SRMs).
Laparoscopic cryoablation has provided encouraging outcomes. Robotic partial NEPHRECTOMY (RPN) represents a new promising option but is still under evaluation. Guillotreau J et al.
(2012) confirmed that laparoscopic and robotic techniques are viable treatment options in the
management of SRMs (≤4cm).
Jong Jin Oh et al. (2016) reported about the surgical margin status after open partial nephrectomy (OPN) and robotic partial nephrectomy (RPN) performed in patients with T1a renal cell
carcinoma (RCC), that RPN may result in a narrower peritumoral surgical margin than OPN.
With respect to laparoscopic or robotic-assisted laparoscopic radical prostatectomy (RALP),
Secin et al. (2008)reported a 0.5% incidence of VTE in a large retrospective review of 5951 patients
and Hu JC et al. reported a rate of 0.6% in 322 patients undergoing RALP and 0% in another 358
patients undergoing laparoscopic prostatectomy. Compare RALP with open radical prostatectomy,
there is an implied beneﬁt of the laparoscopic approach compared to published rates of DVT in
open radical prostatectomy, which can be as high as 6.2% (Heinzer H et al. 1998). As noted in
other studies, the use of intraoperative heparin also include the formation of lymphoceles and haematomas, which may disrupt the normal ﬂow of blood in the pelvis and increase the risk of DVT
(Secin et al. 2008; Bigg SW and Catalona WJ. 1992).
Patel T et al. (2011) reported that the incidence of VTE is low after robotic assisted laparoscopic
prostatectomy (RALP), which may obviate the use of heparin prophylaxis. However, its use appears
to be safe and does not affect surgical outcomes. In 307 patients (187 patients received perioperative heparin prophylaxis consisted in 5000UI before induction and 5000UI every 8 hours in
post-operative period; 120 patients did not receive any) the overall VTE rate within 30 days was
0.6% (one in each arm of the study). Heparin did not inﬂuence estimated blood loss (P = 0.076),
haematrocrit change (P = 0.378), or length of stay (1.4 vs 1.3 days; P = 0.159).
A systematic review of 110 papers reported Novara G et al. (2012) for robot-assisted radical prostatectomy (RARP). Risk factors for complications after RARP, and surgical techniques to improve
complication rates after RARP. Moreover performed a cumulative analysis of all studies comparing
RARP with retropubic RP (RRP) or laparoscopic RP (LRP) in terms of perioperative complications. The Authors concluded that RARP can be performed routinely with a relatively small risk of
complications. Surgical experience, clinical patient characteristics, and cancer characteristics may
affect the risk of complications. Cumulative analyses demonstrated that blood loss and transfusion
rates were significantly lower with RARP than with RRP, and transfusion rates were lower with
RARP than with LRP, although all other features were similar regardless of the surgical approach.
Chalmers DJ et al. (2013) reported that risk of VTE in patients undergoing robot-assisted prostatectomy is low and not significantly reduced with the administration of prophylactic heparin/IPC
compared with IPC alone (0.7% vs 1.0%, P=0.78).
The Compression Therapy Group suggests for mechanical prophylaxis to utilize antiembolism
stocking until discharge and continuing with Graduated Compression Stocking (GCS), conformed
to patient general health and compliance, until complete recovery. IPC can be use, specially with
foot-calf-thigh sectors when possible.
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Table - ACCP recommendation (2008) for laparoscopic procedures
2.5.1. For patients undergoing entirely laparoscopic procedures who do not have additional thromboembolic risk
factors, we recommend against the routine use of thromboprophylaxis, other than early and frequent ambulation
(Grade 1B).
2.5.2. For patients undergoing laparoscopic procedures in whom additional VTE risk factors are present, we recommend the use of thromboprophylaxis with one or more of LMWH, LDUH, fondaparinux, IPC, or GCS (all Grade
1C).
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Vascular surgery

Arterial
The incidence of asymptomatic DVT after major vascular surgery was reported in about 15-25%
of patients without thromboprophylaxis, whereas symptomatic VTE occurs in 1.7-2.8% in the
first 3 months after surgery (Geerts WH et al. ACCP 2008). The scientific evidence in VTE prevention in patients undergoing vascular surgery are scarce and for this reason the ACCP guidelines
authors (Gould MK et al. ACCP 2012) deem appropriate to apply the risk estimates of general and
abdominal-pelvic surgery (Rogers and Caprini score) to formulate recommendations for patients
undergoing vascular surgery. In this sense pharmacological thromboprophylaxis is used in the presence of moderate or high thrombotic risk. The significantly low VTE rate derives primarily from
two factors: the first is the perioperative specific therapy (antiplatelet therapy, heparin), as in 2000
the Pulmonary Embolism Prevention (PEP) Trial Collaborative Group had already demonstrated
the ability of ASA (160 mg) to reduce the incidence of symptomatic DVT and PE by around 30%
(Clagett GP et al. 1998).
The second is the possibility of a more rapid mobilization in major surgery (abdominal), with the
sole exception of peripheral revascularisation conducted in advanced stages of the disease or in
particularly compromised patients and patients with thoracic-abdominal aneurysms on whom a
catheter was inserted to drain cerebrospinal fluid, to be removed on day three. It has been widely
demonstrated that intraoperative anticoagulation therapy with intravenous sodium heparin can
represent an adequate protection against thromboembolic events - both artheriosis for prosthetic
graft and postoperative myocardial infarction as well as VTE. It should be considered that in
a study on patients with incapacitating peripheral vascular disease Libertiny G and Hands L
(1999) documented preoperative DVT in 19.6% of the enrolled patients. Propensity to preoperative DVT in artheriopathic patients is due to the prolonged immobilization resulting from
the vascular disability as well as to high homocysteine levels and a generalized hypercoagulability
state. It is now certain that immobilization results in a higher DVT incidence, which is why
early revascularisation is recommended to save the limb as well as in case of critical ischemia to
minimize VTE risk, hence improving claudication and walking disability in general (Consensus
on Compression - CTG 2009).
Tuscany Region (2015) stratifies the thromboembolic risk of vascular surgical patients based
on the scores given by the sum of patient-related and surgery-related risk factors, according to the
following scheme:
• low risk (score 0): - phlebologic surgery - carotid surgery - exeresis of ganglion caroticum tumor
-percutaneous endovascular procedures - FAV for periodic haemodialysis
• medium risk (score 1): - endovascular aneurysm exclusion - peripheral aneurysms of ‘open’ limbs
- ‘open’ peripheral revascularisation - upper thoracic outlet syndrome decompression - lumbar
sympathectomy - limb amputations
• high risk (score 2): - open aortic aneurysms - open aortic-iliac-femoral aneurysms - open visceral
aneurysms - open aortic-iliac-femoral revascularisation - open visceral revascularisation - surgery
on deep veins.
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Preventive measures are limited to the patients’ specificity, basically to LMWH and graduated compression elastic stockings/elastic bandage (Table 1). Although the optimal time to begin
anticoagulant prophylaxis has not been exactly coded yet, most surgeons prefer to administer the
first heparin dose after surgery. With regard to patients undergoing infrainguinal vascular surgery
(femoral-popliteal, femoral-tibial, femoro-femoral, iliac-femoral, axillary-femoral bypasses, re-operations for bypass thrombosis and popliteal aneurysm graft), given low DVT incidence (2.8%)
in the postoperative period an anticoagulant prophylaxis is not recommended, unless it is strictly
required for specific indications regardless of VTE risk. It is recommended in patients undergoing
major amputation where VTE incidence is 14.3%. A Cochrane review considering randomised
or almost-randomised controlled trials in patients undergoing major unilateral or bilateral amputation (e.g. hip disarticulation, transfemoral disarticulation, knee disarticulation and transtibial
disarticulation) of the lower limbs treated with different types of thromboprophylaxis (including
pharmacological or mechanical) or placebo concluded that it is not possible to highlight the best
prophylaxis because there are only two published works, for a total of 288 participants (Robertson
L, Roche A 2013). In the first no significant differences between LWMH and UFH use in DVT
prevention were highlighted (odds ratio [OR] 1.23, 95% confidence interval [CI] 0.28 to 5.35).
Furthermore, it was an open-label intervention and therefore at high risk of performance bias. The
second study did not highlight any significant PE differences (OR 1.02, 95% CI 0.44 to 2.37)
comparing heparin versus placebo.
PE incidence was similar to proximal amputation (OR 0.79, 95% CI 0.31 to 1.97) or distal to
the knee (OR 1.53, 95% CI 0.09 to 26.43). Of the ten deceased participants, 3 had PE symptoms
and they all belonged to the placebo group. The recorded bleeding cases were under 10%.
In addition to the previous rules, in high risk situations where the pharmacological treatment
cannot be pursued the use of a vena cava filter can be considered.
In particular, mechanical prophylaxis is partially contraindicated in patients with occlusive arteriopathy of the lower limbs and especially after a bypass.
Table 1 - Tuscany Region Recommendations
- Low-risk patients (score 0): simple early mobilization is recommended (I A test).
- Moderate-risk patients (score 1): the use of prophylaxis with UFH in the amount of 5,000 U x 2/day or with
LMWH with a dosage under 3,400 U/day (depending on the different products) in one administration is recommended.
- Mechanical prophylaxis alone is recommended in cases where there are contraindications to pharmacological
prophylaxis (I A test).
- High-risk patients (score 2): prophylaxis with UFH 5,000 U x 3/day or LMWH in doses over 3,400 U/day (depending on the different products) is recommended (I A test).
- Very-high-risk patients (multiple factors, score > 3): the association of pharmacological prophylaxis with ANTI-EMBOLISM STOCKINGS and/or IPC (I A test) is recommended.
- In very-high-risk patients, e.g. oncological surgery, pharmacological prophylaxis with LMWH should be continued
for about a month after discharge (I A test).

Venous
Superficial Circle
Despite the large number of surgeries performed on the superficial venous district, the thrombotic risk in this clinical setting is still unknown. A study by Van Rij et al. (2004) showed that 5.3%
of patients develop DVT after ablative surgery on lower limbs veins and that less than half of them
are symptomatic events. Although the mere presence of varicose veins is a thromboembolic risk
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factor, it has been demonstrated that low-risk patients (without VTE history, thrombophilia or oral
contraceptives use) undergoing saphenectomy (duration of the intervention under 30 minutes if
patients are older than 40 years) do not get a significant benefit from the implementation of pharmacological thromboprophylaxis. In particular, none of the 903 studied patients developed DVT
without prophylaxis (Enoch S et al. 2003).
Although an endovascular treatment with laser and radiofrequency technique are favoured in
the United States, in many countries traditional surgery remains the standard treatment for patients
with varicose veins (Glowiczki et al. 2012)
Traditional stripping surgery has evolved all the same over time. Inguinal and subgeniculate
wounds have been minimized, while anesthesia varies from bi-bloc technology to sedation or tumescence local anesthesia. Postoperative compression is indicated for venous thromboembolism
prevention (GRADE B 1b), haematoma prevention (2-3 days) to reduce oedema, inflammation and
pain (2-4 weeks) (GRADE C III), but also for relapse prevention (GRADE B III) (CIF 2005-Consensus on Compression - CTG 2009).
The REACTIV trial demonstrated the superiority of surgery associated with elastic compression
versus elastic compression alone for aesthetic results and improvement of QoL(Gloviczki-144).
Graduated Compression Stockings (GCS) with a therapeutic class are often prescribed after stripping to reduce pain and other symptoms associated with this technique, but it is unclear whether
this leads to a clinical benefit for the patient. And above all it is not clear what the optimal duration
of the compressive treatment is. A prospective study by Spreafico et al. (2011) indicates the need
for GCS for at least 4 weeks after a short stripping.
In traditional surgery the great saphenous vein (GSV) Guidelines of the Venous Forum recommend compression therapy in postoperative periods for at least 1 week with GRADE 1B (Gloviczki
P et al. 2011; Biswas S et al. 2007). Although there is no recognised evidence as to duration and
optimal compression levels, in the acute postoperative phase the use of elastic or inelastic bandages
prevails, while for maintenance class 1-2 therapeutic stockings are preferred (Consensus on Compression - CTG 2009; Gloviczki P et al. 2011). Postoperative pain and after-stripping haematoma
are partially controlled by proper elastic compression (Mackay F et al. 2011; Biswas S et al. 2007).
The use of postoperative kits providing appropriate eccentric compression on the thigh proved to
be more effective on oedema and haematomas control with better patient compliance (Mackay F et
al. 2011; Mosti G et al. 2009). Below are the recommendations of the Italian College of Phlebology
(Table 2)
Table 2 - RECOMMENDATIONS of the Italian College of Phlebology (CIF)
Compressive treatment after surgery is crucial (GRADE B 1b)
In acute stages elastic/inelastic bandages seem to allow for better oedema and symptoms control (GRADE C III)
Extending the compression with therapeutic graduated compression stockings for 2-4 weeks after the treatment
seems to improve the remote outcome (grade B III)

With the growing popularity of thermo-ablative endovascular techniques, some cases of
heat-induced venous thrombosis were initially described, i.e. the thrombus extension from the
superficial to the deep venous district in the area recently treated with thermoablation, defined
as post-ablation superficial thrombus extension (PASTE). A retrospective study showed that the
probability of a thrombotic involvement of the deep venous district after radiofrequency (RFA) or
intravenous laser treatment (EVLA) is not high (0.7% and 1% respectively). In particular, heat-induced venous thrombosis is an infrequent event (0.2 and 0.9 respectively) (Marsh P et al. 2010),
confirming the international experts’ opinion (Wright D et al. 2010). Among the factors that can
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influence the risk of thrombosis through thermo-ablative endovascular techniques, some are related
to patient’s characteristics such as age, thrombophilia or severe venous insufficiency, while others are
related to the procedure, such as type of anesthesia and the persistence of the superficial tributary
veins patency in the most proximal point to thermoablation. Some authors had suggested tying the
crosses before performing a thermo-ablative endovascular intervention, but randomised trials with
a 5-year follow-up have shown that crossectomy does not provide an added benefit to the treatment,
not even from an antithrombotic perspective (Gradman WS 2007; Disselhoff BC et al. 2011).
The endovascular technique for great saphenous vein (GSV) treatments has spread to many
centres worldwide due to great patient satisfaction (outpatient treatment, no incision and quicker
recovery) and cost-benefit ratio (no admission, no use of second-level operating rooms), with results
comparable to stripping even in the long term (Lugli M et al. 2009; Mosti G et al. 2013; Spreafico
G et al. 2011).
A randomised clinical trial by Bakker NA et al. (2013) assessed the effect of compression in
post-operative phases for GSV ablation with EVLA on pain in terms of Quality of Life (QoL) for
a group of patients without Deep Venous Insufficiency (DVI), active ulcerations, more than one
insufficient vein in a leg and anticoagulant therapy. A group (37 patients) was treated with graduated compression stockings for 2 days and another (32 patients) for 7 days. The assessment was
made after 2 days, 7 days and 6 months using the VAS scale for pain and the SF-36 test for QoL.
The results indicated a significant pain difference after 7 days (VAS score group A 3.7 [+2.1] vs
group B 2.0 [+1.1], p<0.001), physical dysfunction (group A 85.1 [+11.2] vs group B 95.7 [+10.1],
p<0.001) and vitality (group A 75 [+13] vs group B 83.7 [+13.4], p=0.03), all in favour of the
group with graduated compression stockings after 7 days. The control after 6 months did not detect
any significant differences.
In a randomised clinical trial by Ye K et al. (2016) on a group of 400 patients with uncomplicated varicose veins treated with EVLA - half treated with graduated compression stockings (GCS)
and the other half without GCS - pain as primary endpoint, complications, QoL and the average
time to return to work as a secondary endpoint were evaluated. In the first week the group with
GCS reported less pain (P<0.001) and oedema (P=0.01) vs. the second control group, whereas the
second week the results were similar. No significant differences were found in QoL and the average
time to return to work.
One can thus say that compression should be used in thermo-ablative endovascular treatments,
as widely shown by literature, while the post-operative treatment period and the compression class
to be used are controversial (Table 3-4).

AUTHOR
Bakker NA
Yang L.
Roopram A

Table 3 - Compression therapy after EVLA treatment
YEAR
LASER
COMPRESSION
First choice
2013
810-nm
Struva-35
-1 week
2013
microwave
bandage
-48h
2013
810-nm
2°kl
-2 weeks

Pronk P
Rasmussen LH

2010
2013

980-nm
980-nm

short stretch
Co-plus

-1 week
-48h

Benarroch- Gampel J

2013

With ulcers

30-40mmHg

-48-72h

Vuylsteke ME

2012

1470-nm

2°kl

-3 weeks
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Later on
25mmHg
(24hrs/day for the
first 7 days, then
daytime)
Rosidal
1 kl
To be continued
until healing

De Meideros CA
Darwood RJ
Disselhoff BC
Kalteis M
Christenson JT
Pronk P
Rasmussen LH
Carradice D
Gale SS
Almeida JI
Goode SD
Shepherd AC
Rasmussen LH
Galanopoulos G
Theivacumar NS
Ochoa Chaar CI
Disselhoff BCVM
Schwartz T
Rathod J
Desmyttere J
Marsh P
Tesmann JP

AUTHOR
Harlander-Locke
Rautio T, Perala J
Hinchliffe RJ
Stotter L
Subramonia S
Almeida JI
Gale SS
Goode SD
Shepherd AC
Rasmussen LH
Marsh P
Tesmann JP
Boon R
Kapoor A

2005
2008
2008
2008
2010
2010
2010-7
2011
2010
2009
2010
2010
2011
2012
2011
2011
2011
2010
2010
2010
2010
2011

810-nm
810-nm
810-nm
810-nm
980-nm
980-nm
980-nm
810-nm
810-nm
980-nm
810-nm
980-nm
980-1470
Review
810-nm
810-nm
1470-nm
1470-nm
980-nm
810-nm
810-nm

bandage
stockings
stockings
stockings
stockings
panelast
Rigid dressing
stockings
Elastic band.
stockings
Band. Crepe
stockings
20 mmHg
2 kl
Rigid dressing
Elastic band.
20-30mmHg
2kl
2kl
Rigid dressing
20-30 mmHg
Rigid dressing

-48h
-1 week
-1 week
-2 weeks
-3 weeks
-1 week
-48h
-6 weeks
-72h
-2 weeks
-24hrs
-1 week
-2 weeks
-2 weeks
-1 week
-24hrs
-1 wk x 24hrs
-1 wk x 24hrs
???
-24hrs
-72hrs x 24hrs
-24hrs

Table 4 - Compression therapy after RFA therapy
YEAR
RFA
COMPRESSION
First choice
2013
Clos-FAST
Stockings
Nothing
2002-5
Closure
Stockings
-1 week
2006
VNUS
stockings
-2 weeks
2006
Closure
stockings
-6 weeks
2010
Clos-PLUS
stockings
-2 weeks
2009
Clos-FAST
stockings
-2 weeks
2010
Clos-PLUS
Elastic band. -72h
2010
RFiTT
Band. Crepe -24hrs
2010
Clos-FAST
Stockings
-1 week
2011
Clos-FAST
20 mmHg
-2 weeks
2010
Closure
20-30 mmHg -72hrs x 24hrs
2011
RFiTT
Rigid dressing -24hrs
2010
RFiTT
2 kl
-1 week
2010
Clos-FAST
bandage

18mmHg
20-30mmHg
2 kl

2kl
20-30mmHg
2 kl
3 kl
2 kl

Later on

20-30mmHg
2 kl

2 kl
stockings

In recent years a GVS endovascular treatment with cyanoacrylate has appeared, which determines vein occlusion without using of any kind of compression after surgery. The vein is stung
transcutaneously, without tumescence perivenous anesthesia (Almeida JI et al. 2011-2013; Min RJ
et al. 2012; Kailasnath P 2002).
A European prospective multi-centre study by Proebstle TM et al. (2015) without intra-operative tumescence and postoperative compression on 70 patients after 12 months showed an occlu105

sion in 92.9% of cases with 3 recanalizations within the first 6 months. An improvement of the
Venous Clinical Severity Score (from 4.3 ± 2.3 in the beginning to 1.1 ± 1.3 after 12 months) and
a significant QoL improvement (Aberdeen Varicose Vein Questionnaire score from 16.3 at the beginning to 6.7 in 12 months; P< .0001) were recorded. The local reported effects were a phlebitic
reaction in 11.4% of cases with an average duration of 6.5 days (range, 2-12 days), pain without
phlebitis in 8.6% of cases lasting on average for one day (range, 0 -12 days).
Almeida JI et al. (2015) reported a 92% occlusion at a 24-month follow-up in a group of 38
patients, with partial recanalization in two cases and total recanalization in one case. No patients
received any compression after surgery, with a significant improvement of the Venous Clinical Severity Score (from 6.1±2.7 average in the beginning to 1.3 ± 1.1, 1.5 ± 1.4 and 2.7 ± 2.5 after 6, 12
and 24 months). Oedemas improved in 89% of cases after 48 hours, while there was no preoperative pain in 13% of cases, which was further reduced in 84% of cases.
Koramaz I et al. (2017) reported the ablation results without tumescence of the great saphenous
vein with n-butyl cyanoacrylate (NBCA) versus those with EVLA on 339 patients. On average the
procedure lasted 7 minutes (range 4-11 minutes) in the NBCA group versus 18 minutes (range
14-25) in the EVLA group (P<0.01). The NBCA group did not receive any tumescence versus an
average of 300 ml (range 60-600 ml) in the EVLA group and compression therapy after surgery versus class II thigh-high stockings for 2 weeks. All the saphenous veins were completely occluded in
both groups and when controlled after 1 year the occlusion was 98.6% in the NBCA group versus
97.3% in the EVLA group (P=0.65). The side effects were lower in the NBCA group (pigmentation
P<0.002 and phlebitis P<0.015).
Deep Circle
Chronic deep venous insufficiency (DVI) caused by valvular insufficiency, occlusion of wide-caliber veins in the legs or both result in symptoms including swelling, pain and even cutaneous
ulcerations that easily tend to relapse. The anatomic area affected is divided into grades: the first
grade is a reflux extended until the proximal third of the thigh, the second up to the popliteal level,
the third is distally extended and impacts onto the entire axis of the limb (Raju S et al. 1996). A
third-degree DVI is found in 10% of patients presenting cutaneous changes and ulcerations (C4;
C6). Valvular insufficiency may be primitive (CEAP Ep-Ec) or secondary (CEAP Es): the primitive
is not associated with post-thrombotic changes but is rather a structural abnormality of the vein
wall and valves (anomalous, long or free edge resulting in a valve prolapse; valvular ring dilation
with commissure broadening; asymmetric insertion of the cusps or valve leaflets) or a very rare
congenital disorder characterized by agenesis and hypoplasia of the venous valves, which can also
be associated with other congenital malformations, causing the symptoms to appear early. The secondary and obstructive DVI forms are post-thrombotic phenomena appearing in 80-95% of cases
(Bauer G 1948; Browse NL et al. 1998; Perrin M 2004). The obstructive form is less common and
affects 3-9% of patients (Halliday P et al. 1985; Raju S et al. 1988). Reflux in all its forms can be
associated with an obstructive iliac process (Neglen P et al. 2007; Raju S et al. 2010). Most patients
are treated with graduated compression stockings and local wound dressings, but sometimes these
symptoms are out of control, the ulcers relapse frequently or tend not to heal despite a correct
conservative therapy. In such situations with a severe venous dysfunction, deep venous circulation
surgery is required. In most cases DVI is associated with superficial venous insufficiency and it
can only be treated after having treated the latter beforehand. Nevertheless, this has not led to a
rebalancing of the limb. Limb rebalancing means reaching a clinical condition characterized by the
absence of trophic lesions of ulcerative of flogistic type and of symptoms controllable with physical
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or pharmacological devices such as to avoid a significant alteration of the quality of life (QoL),
though creating a state which is well accepted by the patient. The failure of conservative and pharmacological therapy in controlling symptoms such as pain, oedema, cutaneous changes and ulcers
reducing the patient’s quality of life, as well as multiple relapses on the superficial venous system
requiring multiple corrections - which proved ineffective in the short term - lead to focus on an
eventual corrective action on the deep venous system. Therefore, surgeons tend to treat circulation
insufficiency of the superficial venous circle and perforating veins beforehand, in the context of the
absence of major veins obstruction (Wilson NM et al. 1991).
If the reflux is associated with an obstructive proximal process, as happens in 2/3 of cases, this
should be treated in the first instance (Sellitti A et al. 2016). The choice of a patient suitable for
deep venous surgery must be made through a set of diagnostic tests: Echo Colour Doppler possibly
with B-flow technology (Lurie F et al. 2003), phlebography (ascending, transfemoral or transbrachial and descending) (Lugli M et al. 2009) and air plethysmography (Criado E et al. 1998). CT or
MRI phlebography may be useful in defining particular clinical conditions. Dynamic venous pressure measurement can be performed as an alternative to air plethysmography. Unfortunately there
is no linear correlation between clinical and haemodynamic results, so the symptoms and severity
of the clinical signs are at present the best way to determine which patients may benefit from deep
venous circulation surgery.
DVI correction is reserved to patients with pure conditions of refluent type or mixed conditions
(suprainguinal obstruction, subinguinal reflux), in which the proximal obstructive component has
been resolved, but the limb has not been rebalanced (Maleti O et al. 2011).
The main goal of reconstructive surgery of the deep venous system is a bypass of the obstructed tract or the recovery of the valve mechanism competence (O’Donnell 1987). Examples include valvuloplasty, the transposition of a vein segment (normally the femoral vein into the great
saphenous vein or into the deep femoral vein when the valve is continent) and a vein segment
transplant (the usual donor site is the axillary vein). Mechanical prosthetic valves do not have a
role in venous surgery. In cases of deep venous reflux (DVR) of primitive type, the first choice is
represented by internal valvuloplasty (Maleti O et al. 2011). This technique was first proposed
by Kistner in 1975, with later variations proposed by Raju S (1983), Sottiurai VS (1988) and
Thripathi R et al. (2001) to reduce the risk of tearing the margins during phlebotomy. It has led
to good outcomes in terms of free-ulcer periods, pain reduction and improving the quality of life
in at least 70% of the cases after 5 years (Masuda EM et al. 1994; Lethola A et al. 2008). Variants
such as external transparietal and transcommissural valvuloplasty Neglen P et al. 2007, Nishibe T
et al. 2001; Tripathi R et al. 2004; Rosales A et al. 2006) and the use of external sleeves designed
to reduce the lumen diameter (Camilli S et al. 1994, Akesson H et al. 1999; Lane RG et al. 2003)
have not lead to comparable satisfactory results. The first technique has the advantage of not performing a phlebotomy: in transparietal operations the goal is to reduce the vein lumen by putting
a few sutures on the corner of insertion of the cusps, while in transcommissural operations the
sutures must be applied on the cusps insertion point with or without endoscopic supervision.
In the second technique, the goal is to reduce the lumen by correcting the valve incontinence
with a prosthetic sleeve or an external cuff using Dacron cuff, Venocuff I or II, PTFE or bovine
pericardium.
In secondary DVI, a valvuloplasty is indicated only in rare cases of partially damaged valvular
nests. The preferred interventions are therefore femoral transposition, valved transplant and the
creation of a neovalve. The transposition was first described by Kistner (1979) and consists of a
terminal-lateral (most common) or a termino-terminal anastomosis of the femoral vein into the
great saphenous vein or the deep femoral vein which has a continent valve. The transplant tech107

nique consists in inserting a continent valved tract in the insufficient venous system, with a privileged donor site characterized by the axillary vein for the femoral vein (Raju S-1981) or brachial
for the popliteal vein (Taheri SA-1982). Transplant and transposition are feasible only in a limited number of cases: adverse anatomical conditions such as caliber difference and inadequacy of
the first segment of the deep femoral vein are common contraindications to the transposition; the
absence of an appropriate donor segment by diameter which should comprise a competent valve
as well as the patient’s refusal to collect from a site far from the implant are the contraindications
to the transplant technique. A neovalve can be created in most cases, but it is technically difficult
and should therefore be performed by surgeons trained in this type of surgery. Site selection is
crucial for the result of this technique, which happens to be the popliteal vein or in alternative
the femoral vein, where a thrombotic complication presents less risks thanks to the presence of
better collateral veins. In case of synechia, an endophlebectomy is to be performed before valve
reconstruction. In the technique developed by Plagnol P et al. (1999) the valve is fashioned from
the proximal end of the great saphenous vein that is left attached to the femoral vein, invaginated, and fixed to the venous wall. In the technique developed by Maleti O et al. (2006), the
neovalve is created via the dissection of the vein wall and the creation of an adequately fixed flap.
The neovalve creation technique varies according to the conditions of the vein wall and is determined on the spot. If there is a double channel in the post-thrombotic venous lumen, the best
solution is using the intraluminal septum. In case the vein wall is too thin or there is no valve, it is
possible to invaginate the wall and reconstruct the vein using bovine pericardium or PTFE. The
outcomes following transposition and transplantation are less satisfactory than the ones achieved
with valvuloplasty for primary reflux; however, the first two approaches ensure long periods of
absence of trophic lesions in over half the cases (Neglen P et al. 2007, Masuda EM et al. 1994;
Taheri SA et al. 1986; Eriksson I et al. 1988; Sottiurai VS et al. 1996; Perrin M 2000). Indeed,
a meta-analysis with follow-up after more than 5 years shows improvement in 50% of cases. The
outcomes of neovalve creation are more encouraging; however, only limited series are available by
a limited number of working groups (Plagnol P et al. (Plagnol P et al. 1999, Lugli M and Maleti O 2006). Surgical treatment of the deep venous system requires appropriate anticoagulation
therapy, generally to be continued for six months. Possible postoperative complications include
DVT, PE, venous occlusion and venous insufficiency. In more than 50 years of surgical treatment
of the deep venous system, no fatal outcomes nor major complications were reported; therefore,
corrective surgery of the deep venous reflux can be considered a safe procedure.
Lugli M and Maleti O (2006) have given the results of unicuspid or bicuspid neovalve construction out of the vein wall in 18 limbs affected by post-thrombotic syndrome and non-healing ulcers.
At median follow-up of 22 months (range 1-42 months), neovalve competence was confirmed
in 95% of cases, the ulcer healed within 4 to 25 weeks (median, 12 weeks), no recurrences occurred, and air plethysmography showed a significant improvement in hemodynamic parameters (P
< 0.001). Early thrombosis of the neovalve occurred in 12% of cases and a late occlusion occurred
in 6% of cases, 8 months after surgery. No PE occurred, while minor postoperative complications
occurred in 17% of cases (1 case of haematoma and 2 cases of wound seroma). In the postoperative period, a 35mmHg thigh stocking was combined to intravenous heparin injections (150 IU/
kg) from the day of the operation to the second post-op day, to be later replaced with OAT for 6
months maintaining INR between 2.5 and 3.
A Cochrane review by Goel RR et al. (2015) on the surgical treatment of the deep venous
system included four studies with 273 participants. All studies concerned clinical outcomes following primary valve incompetence corrected with valvuloplasty (Belcaro G 1993; Belcaro G et
al. 1999; Makarova NM et al.2001; Wang SM et al.2006). No trials investigating the results of
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surgery for secondary valvular incompetence or the obstructive form of DVI were found. The
methodological quality of the studies has been found to be low, mainly because of lack of information on randomisation and blinding, or because data were incomplete or poorly presented.
Healing or recurring ulcers were not reported in one study, and the remaining three studies did
not include participants with previous ulcers or with active ulceration. Three studies reported no
significant surgery complications and no incidence of DVT during follow-up. One study does
not report the occurrence of complications. Clinical changes were assessed based on subjective
and objective measurements, (CEAP) requiring hemodynamic pre and post-operative tests such
as venous refilling time (VRT) and ambulatory venous pressure (AVP). Two small trials comparing external valvuloplasty using anterior plication in combination with ligation of incompetent
superficial veins versus ligation alone (L) showed that ligation plus anterior plication produced
significant improvement in AVP (-15 mm Hg (95% confidence interval (CI) -20.9 to -9.0) at
one year and -15 mm Hg (95% CI -21 to -8.9) at two years. Significant improvement in AVP
and VRT was maintained for 10 years in one study. However, AVP values after surgery remained
relatively high, causing its benefits to be questioned. Similarly, another study showed sustained
mild clinical improvement for seven years in the group treated with valvuloplasty compared
with participants undergoing superficial correction alone. However, this benefit is lost when the
conditions of participants are stable preoperatively. One small study (n = 40) with grade-3 reflux
and no participants with ulcers reported that external valvuloplasty of the femoral vein combined
with surgical repair of the superficial venous system has proved to achieve better outcomes than
surgical repair of the superficial venous system alone. Authors concluded that no evidence was
found for benefits of valvuloplasty in the treatment of patients with primary valvular incompetence DVI, due to poor-quality trials.
The saphenofemoral venous bypass with May-Husni procedure was first introduced by Warren and Theodore Thayer in 1954. It is used in case of severe symptomatic obstructions of the
superficial femoral vein. In 71% of the fourteen patients subjected to saphenopopliteal bypass,
post-thrombotic symptoms have improved. Despite its effectiveness, the procedure was not widely
accepted and only in 1970 did Husni, May and Frileux reviewed their procedure. Husni was the
first to perform an anastomosis between the GSV and the posterior tibial vein in cases of extended
thrombosis. He also performed an arteriovenous fistula to improve the patency of the bypass. Since
then, this operation has been closely linked with their names. This operation is only possible in the
rare event that the SFJ is fully patent and the common femoral and popliteal veins are spared from
post-thrombotic changes and are patent. Another key factor for the positive outcome of the operation is the absence of late recanalization of the femoral vein, which may normally occur between 3
months and 2 years of the thrombosis (Tab. 5).
Shaydakov E et al. (2015) report that a group of 12 patients (C4a or C4b CEAP class) were
operated with this technique. Using a GSV whose median diameter was 6.7 mm (range: 5.3-7.8
mm) a termino-lateral bypass was constructed by a single surgeon. A Vedensky spiral was placed at
the saphenofemoral confluence to prevent dilation and subsequent incompetence of the valves in 4
patients. No arteriovenous fistula was performed. Postoperatively, all the patients received pharmacologic prophylaxis with LMWH in therapeutic doses, later replaced with warfarin for 3 months
and mechanical prophylaxis with Class II GCS (23-32 mmHg; RAL-GZ 387 standard). Patients
were encouraged to mobilize early on the first day after the operation. At an average follow-up of
60 months (26-72 months) on 10 patients, bypass patency had been achieved in all cases. Reflux
occurred in GSV in 40% of cases (follow-up 1.5-2 years) without the Vedensky spiral, with no impairment of post-operative symptom improvement, and with recanalization of the femoral vein in
20% of cases after 3 years with recurring post-thrombotic symptoms.
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Study
Warren (1954)
Husni (1970)
Frileux (1972)
Dale (1979)
Husni (1983)
Gruss (1985)
Danza (1991)
AbuRahma (1991)
Coleman (2013)
Shaydakov (2014)

Tab. 5 - Reappraisal of the May-Husni procedure
Number of AVF
Follow-up
Clinical improvepatients
(months)
ment %
14
23
71
20
?
70
23
?
100
6
?
50
27
12 - 132
78
12
8
?
42
8
2
?
75
19
66
58
17
3
101
82
10
60
83

By-pass patency %
57
69
67
?
63
?
?
42
56
100

The connection between iliac vein compression and DVT has been known since 1851. Virchow found that the occurrence of venous thrombosis is 5-fold higher in the left iliac vein than
in the right one. In 1965, Cockett and Thomas confirmed that compression of the iliac vein is
an important factor in the development of iliac-femoral left vein thrombosis. The compression
of the iliac vein is not rare in the general population. Baron HC et al. (2000) report a 20% incidence in adults, while according to Liu Z et al. (2014) the incidence of iliac vein compression
syndrome (IVCS) is around 14.8%; according to Wolpert LM et al. (2002), who carried out
a study using MR, incidence is 37%. Kibbe MR et al. (2004) analysed 50 volunteers with no
signs or symptoms and reported a compression >50% of the left iliac vein in 24% and a compression >25% in 66% of them. Several retrospective studies have proved that most patients
with iliac-femoral left vein thrombosis are also affected by iliac vein compression. Approximately
70-80% of iliac veins develop obstruction to variable degrees, followed by DVT triggered by the
mechanical obstruction of the right common iliac artery on the left iliac vein. The incidence of
DVT due to compression of the iliac vein is low, even if an incidence >50% is an independent
risk factor in multivariate analysis.
The obstruction of the femoral-iliac-cava venous systems cause chronic venous hypertension and
high venous pressure in peripheral tissues at the obstruction site, which trigger inflammatory alterations and may be one of the main causes of physical disabilities and chronic pain. Chronic venous
hypertension causes pain in the extremities, vulva, basin, the lumbar and sacral stretch of the spinal
cord, when the patient is moving and at rest and, occasionally, during sexual intercourse. Lower
limb edema and and/or secondary lymphoedema may limit physical activity and favour recurring
cellulitis in the patient’s limbs, with subsequent inflammatory skin alterations, stasis dermatitis and
even venous ulcers.
Post-thrombotic syndrome is the most severe consequence of untreated DVT in these areas
and it occurs in 20-50% of patients treated on anticoagulants only. Besides, residual venous obstruction after incomplete recanalization implies a higher risk of recurring DVT. Medical management includes elevation of limbs, compression with elastic and non-elastic devices, compression
pumps, analgesics and anticoagulants; however, it does not correct chronic venous hypertension
and related tissue damage on the long term. In the last 20 years, angioplasty and stenting for
upper extremity obstruction have been found to be the best therapeutic choice for most patients
with severe symptoms, because the actual final goal is the maintenance of venous patency. Open
surgical treatment, such as femoro-femoral or femoro-caval bypass, used to be the only option
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for these patients; today, it is taken into consideration only in case endovascular procedures cannot be implemented or fail. Endovascular procedures are now the preferential treatment due to
high rates of clinical success, rarity of complications, and, in most cases, significant improvement
of the patients’ quality of life. Raju S et al. (2013) has reported excellent results on appr. 1,500
patients treated with PTA/stenting. Patency was 90-100% in non-thrombotic obstruction and
74-89% in post-thrombotic obstruction at 3 and 5 years. Clinical relief of pain was 86-94%, and
stable reduction of swelling 66 to 89%. From 58% to 89% of venous ulcers healed. Procedural
success in full recanalization was 83% to 95%, with no embolia-related deaths. Access site or
pulmonary complications occurred in less than 1% of patients, and significant bleeding requiring
transfusions was extremely rare.
Min-Kai Wu et al. (2016) have proved on 500 volunteers that iliac vein compression is a common event (46.6% of cases), with an average stenosis of 16.2% (range 0 - 72.6%), and a stenosis
<25% in 37.8% of cases. However, incidence of DVT is low and DVT only occurs in subjects with
a stenosis >50% or combined with other risk factors that significantly increase the risk (e.g. patients
with malignancies had 10-fold increased the risk of DVT; χ2 = 69.60, P < 0.01). In particular, in
8.8% (44) of volunteers with compression ≥50% evaluated via contrast-enhanced CT, DVT occurred in 1.2% (6) of volunteers, (two in the ilio-femoral vein, two in the popliteal vein, and two in
the calf vein) within 1 year. A significantly higher incidence of DVT was found over the group with
compression <50% (6.8% vs 0.7%; multivariate analysis χ2 = 12.84, P = 0.01). In subgroup analysis, patients with malignancy and iliac vein stenosis ≥50% had 12-fold increased the risk of DVT
than those only affected by stenosis ≥50% compression (RR = 12.389, 95% CI: 2.327-65.957, P
= 0.003).
The occlusion of the femoral vein can be accompanied by an occlusive iliac vein disease. In
these cases, it is possible to perform a hybrid procedure: endophlebectomy of the femoral vein
followed by balloon angioplasty and stenting of the iliac vein, as reported by Comerota AJ et al.
(2010) in one of his clinical cases: a young patient with previous iliac-femoral DVT and leg ulcer
was first treated with elastic bandaging, then with CS 30-40mmHg combined with pharmacologic prophylaxis with UFH (100 IU/kg) for 3 days, followed by enoxaparin 1mg/kg every 12 hours
while waiting to achieve warfarin therapeutic levels. The patient’s ulcer healed in four weeks.
Additional pharmacologic treatment for platelet inhibition was implemented with clopidrogrel
75mg/day, ASA 81mg/day and cilostazol 100mg/day, preoperatively, and for 6 weeks after the
operation.
Among secondary causes of the May-Thurner Syndrome there may be exogenous compression
of the left common iliac vein; for example, pressure induced by infra-renal aortic aneurysm extending to iliac arteries, as was the case in the clinical case described by Da Silva-DeAbreu A et al.
(2016), treated with an arterial endoprosthesis with no venous stenting.
Balloon angioplasty with stenting is indicated for treating non-thrombotic (compression-induced) femoral vein obstruction and post-thrombotic iliac vein obstruction in patients with pain
in their legs or significant edema which does not recede with compression therapy and negatively
impacts QoL, or in subjects with active or incipient venous ulcers in their legs. (Grade IIb, Level B)
Balloon angioplasty with stenting is indicated for treating non-thrombotic vein obstruction and
post-thrombotic obstruction of vena cava in patients with pain in their legs or significant edema
which does not recede with compression therapy and negatively impacts QoL, or in subjects with
active or incipient venous ulcers in their legs. (Grade IIb, Level C)
The ACCP guidelines recommend using compression by aligning indications for General, GI,
Urological, Gynaecological, Bariatric, Plastic or Reconstructive Surgery. (Tab. 6)
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Tab. 6 - ACCP guideline for Vascular surgery (2012)
- For general and abdominal-pelvic surgery patients at very low risk for VTE (circa 0.5%; Rogers score, <7; Caprini
score, 0), we recommend that no speciﬁc pharmacologic (Grade 1B) or mechanical (Grade 2C) prophylaxis be used
other than early ambulation.
- For general and abdominal-pelvic surgery patients at LOW RISK for VTE (circa 1.5%; Rogers score, 7-10; Caprini score, 1-2), we suggest MECHANICAL PROPHYLAXIS, preferably with INTERMITTENT PNEUMATIC
COMPRESSION (IPC), over no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at MODERATE RISK for VTE (circa 3.0%; Rogers score,
>10; Caprini score, 3-4) who are not at high risk for major bleeding complications, we suggest LMWH (Grade 2B),
LDUH (Grade 2B), or MECHANICAL PROPHYLAXIS, preferably with IPC (Grade 2C), over no prophylaxis.
Remarks: Three of the seven authors favored a strong (Grade 1B) recommendation in favor of LMWH or LDUH
over no prophylaxis in this group.
- For general and abdominal-pelvic surgery patients at MODERATE RISK for VTE (3.0%; Rogers score, >10;
Caprini score, 3-4) who are at high risk for major bleeding complications or those in whom the consequences of
bleeding are thought to be particularly severe, we suggest MECHANICAL PROPHYLAXIS, preferably with IPC,
over no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at HIGH RISK for VTE (circa 6.0%; Caprini score, > 5) who
are not at high risk for major bleeding complications, we recommend pharmacologic prophylaxis with LMWH
(Grade 1B) or LDUH (Grade 1B) over no prophylaxis. We suggest that mechanical prophylaxis with ELASTIC
STOCKINGS or IPC should be added to pharmacologic prophylaxis (Grade 2C).
- For HIGH-VTE-RISK patients undergoing abdominal or pelvic surgery for cancer who are not otherwise at high
risk for major bleeding complications, we recommend extended-duration pharmacologic prophylaxis (4 weeks)
with LMWH over limited-duration prophylaxis (Grade 1B).
Remarks: Patients who place a high value on minimizing out-of-pocket health-care costs might prefer limited-duration over extended-duration prophylaxis in settings where the cost of extended-duration prophylaxis is borne by
the patient.
- For HIGH-VTE-RISK general and abdominalpelvic surgery patients who are at high risk for major bleeding
complications or those in whom the consequences of bleeding are thought to be particularly severe, we suggest use of
MECHANICAL PROPHYLAXIS, preferably with IPC, over no prophylaxis until the risk of bleeding diminishes
and pharmacologic prophylaxis may be initiated (Grade 2C).
- For general and abdominal-pelvic surgery patients at HIGH RISK for VTE (6%; Caprini score, > 5) in whom both
LMWH and UFH are contraindicated or unavailable and who are not at high risk for major bleeding complications,
we suggest low-dose aspirin (Grade 2C), fondaparinux (Grade 2C), or MECHANICAL PROPHYLAXIS, preferably with IPC (Grade 2C), over no prophylaxis.
- For general and abdominal-pelvic surgery patients, we suggest that an inferior vena cava (IVC) ﬁlter should not be
used for primary VTE prevention (Grade 2C).
- For general and abdominal-pelvic surgery patients, we suggest that periodic surveillance with venous compression
ultrasound should not be performed (Grade 2C).

112

Pregnancy and puerperium

Pregnancy increases the risk of venous thromboembolism (VTE) 4-5-fold over that in the non-pregnant state (Bates SM et al. ACCP 2012). Person time for each woman with at least one pregnancy
was divided into antepartum (from conception up to two days before childbirth) and “outside pregnancy” (excluding one day before childbirth up to 12 weeks afterwards, which was time associated
with the peripartum and postpartum).
VTE is one of the leading causes of maternal mortality in developed regions (Saving Mothers’
Lives 2011; Drife J. 2003) and is also responsible for many more non-fatal complications such
as post-thrombotic syndrome (Wik H et al. 2012). Around 50% of maternal VTE events occur
during pregnancy, and there is a shortage of high quality evidence regarding which women are at
greatest risk. Tale variabilità è giustificata anche dalla presenza contemporanea di altri fattori di
rischio, primo fra tutti l’età della donna (Linee guida CIF 2013), poi obesità, precedenti VTE,
tromboflebiti congenite o acquisite (Cantwell R et al. 2011). Previous research has shown more over
that cigarette smoking, multiple gestations, and increased parity are associated with an increased
risk of antepartum VTE (Jacobsen AF et al. 2008; Knight M 2008; Larsen TB et al. 2007). Of all
potential risk factors, however, admission to hospital must be considered as potentially the most
important given that in the general population the risk of VTE during admission is more than
100 times8 the risk outside hospital. Each year in the United Kingdom an estimated 25.000 deaths
from venous thromboembolism are associated with admissions to hospital (Department of Health
2013). It is not clear if the same magnitude of risk exists for pregnant women.
Sultan AA et al. (2013) pointed out that the overall risk of first venous thromboembolism in
pregnant women increased during admissions to hospital not related to delivery, and remained significantly higher in the 28 days after discharge. During these periods need for thromboprophylaxis
should receive careful consideration.
Admission to hospital in pregnancy was associated with an increased risk of VTE (absolute rate
1752/100 000 person years; incidence rate ratio 17.5, 95% confidence interval 7.69 to 40.0) compared
with time outside hospital. The rate of VTE was also high during the 28 days after discharge (absolute
rate 676/100 000 person years; incidence rate ratio 6.27, confidence interval 3.74 to 10.5). The rate
during and after admission combined was highest in the third trimester (961/100 000 person years;
incidence rate ratio 5.57, confidence interval 3.32 to 9.34) and in those aged ≥35 years (1756/100 000
person years; incidence rate ratio 21.7, confidence interval 9.62 to 49.0). While the absolute rate in
the combined period was highest for those with three or more days in hospital (1511/100 000 person
years; incidence rate ratio 12.2, confidence interval 6.65 to 22.7), there was also a fourfold increase
(558/100 000 person years; incidence rate ratio 4.05, confidence interval 2.23 to 7.38) in the risk of
venous thromboembolism for those admitted to hospital for less than three days.
Also, the risk of venous thromboembolism after discharge needs to be determined to assess the
need for thromboprophylaxis after admission.
Guidelines from the Royal College of Obstetricians and Gynaecologists (RCOG 2009) recommended that antenatal pharmacological thromboprophylaxis should be considered in pregnant women during admissions to hospital for stays of three or more days if they also have two or
more risk factors. Estimates of the absolute risks of venous thromboembolism during and after
antepartum admissions, including those in women with no other medical comorbidities or risk
factors, however, are not available.
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The incidence of VTE during pregnancy is 1:1000, with a 5-fold increase during puerperium
(Bates SM et al. ACCP 2012). In most cases (90%), the left limb is affected over 55% in non- pregnant women: this is due to ovarian veins crossing the internal iliac vein, with DVT involving the
iliac-femoral (72%) rather than the femoral-popliteal (7%) vein.
A study of O’Connor DJ et al. (2011) in 33.311 deliveries only 74 patients (0.22%) had a
VTE. There were 40 incidents of DVT (0.12%) and 37 of PE (0.11%). DVT involved the iliac
veins (6), the femoral or popliteal veins (16), the infrapopliteal veins (17), and the axillary vein (1).
Most (57.5%) of the DVTs involved the left lower extremity. Thirty-eight (51.6%) of the VTEs
occurred in the postnatal period, and of those 33 (87%) occurred within 1 week of delivery. Most
of the postnatal VTEs (68%) were seen in patients who underwent a cesarean section. Among patients with VTE during pregnancy, there were 28% in the first trimester, 25% in the second, and
47% in the third. Events were distributed among maternal age groups as follows: 26% aged 13-24,
50% aged 25-34, and 24% aged 35-54. Of the 35 patients tested for a hypercoagulable disorder,
12 were found to have a positive test result. Five (6.8%) of these 74 patients had a prior history of
VTE, with two having a hypercoagulable disorder. In addition, 45 of the 74 patients were on oral
contraceptive therapy or received hormonal stimulation therapy before pregnancy. Patients with a
VTE during pregnancy were treated with LMWH or UFH. Most postnatal patients were treated
with subcutaneous low molecular weight heparin and coumadin. Six inferior vena cava filters were
placed in patients with bleeding complications as a result of anticoagulation. There were no deaths
during the study period.
A study of Virkus RA et al. (2013) showed in 1.297.037 pregnancies a first-ever VTE diagnosis
in 0,1% (1436 women) had a VTE diagnosis. Almost all women had relevant clinical symptoms
and in 796 (65.8%), the diagnosis were confirmed by a positive diagnostic test or by instituted anticoagulation treatment. VTE diagnoses were most often confirmed when made in the first trimester
(72.6%) and in the puerperal period (79.1%), rather than in the second (53.7%) and third trimester (58.5%). The 796 cases of VTE included 624 women with DVT only (78,3%) and 133 with
PE (16,7%). Deep venous thrombosis was located in the left lower limb in 83.8% in pregnancy,
compared with 67.9% in the puerperal period.
For this reason, every pregnant woman should be assessed for VTE risk factors before or in the
very first weeks of pregnancy; risk evaluation should be repeated in case of admission to hospital or
onset of obstetric complications.
Pregnant women with congenital thrombophilia (Factor V Leyden or homozygous G20210A
prothrombin mutation) and a family history of VTE should undergo ante-partum prophylaxis
with LWMH in prophylactic dosing, to be continued up until 6weeks post-partum.
Mechanical or pharmacologic prophylaxis should be prescribed after an accurate personal and
family clinical work-up, to be repeated during pregnancy e.g. due to physiological alterations of
body weight or the onset of co-morbidities such as hypertension, diabetes or preeclampsia.
In case of ARTIFICIAL INSEMINATION and ovarian hyperstimulation syndrome, antithrombotic prophylaxis with LMWH should be carried out up until 3 months after the resolution of the
syndrome (CIF Guidelines 2013.
LMWH is the elective drug; treatment should be suspended 24 hours before induced delivery
or at the beginning of spontaneous labour. The patient does not receive treatment in the first 6-12
hours post-partum (RCOG 2009).
A position paper published by Linnemann B et al. (2016) reported that VTE is a major cause
of maternal morbidity during pregnancy and the postpartum period. However, because there is a
lack of adequate study data, management strategies for pregnancy-associated VTE must be deduced
from observational studies and extrapolated from recommendations for non-pregnant patients. In
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this review, the members of the Working Group in Women’s Health of the Society of Thrombosis
and Haemostasis (GTH) have summarised the evidence that is currently available in the literature to provide a practical approach for treating pregnancy-associated VTE. Because heparins do
not cross the placenta, weight-adjusted therapeutic-dose LMWH is the anticoagulant treatment
of choice in cases of acute VTE during pregnancy. No differences between once and twice daily
LMWH dosing regimens have been reported, but twice daily dosing seems to be advisable, at
least peripartally. It remains unclear whether determining dose adjustments according to factor Xa
activities during pregnancy provides any benefit. Management of delivery deserves attention and
mainly depends on the time interval between the diagnosis of VTE and the expected delivery date.
In particular, if VTE manifests at term, delivery should be attended by an experienced multidisciplinary team. In lactating women, an overlapping switch from LMWH to warfarin is possible.
Anticoagulation should be continued for at least 6 weeks postpartum or for a minimum period of 3
months. Although recommendations are provided for the treatment of pregnancy-associated VTE,
there is an urgent need for well-designed
prospective studies that compare different management strategies and define the optimal duration and intensity of anticoagulant treatment.
The role of compression therapy during pregnancy is three-fold: ameliorating symptoms related
to venous insufficiency made worse by pregnancy, preventing varicose vein onset and related complications (especially varicose thrombosis), prophylaxis of DVT (CIF Guidelines 2013).
Although no clinical trials have been carried out, elastic compression can be used during pregnancy (Gray G, Ash AK 2006). Studies carried out on small groups have proved that the use of elastic stockings during pregnancy significantly reduces venous stasis and the diameter of the femoral
superficial and common veins. (Jamieson R et al. 2007).
The Royal College of Obstetricians and Gynaecologists (RCOG) recommends using elastic
stockings in the following cases:
-

hospitalised women with contraindications to the use of heparin
women undergoing caesarean section at high risk of VTE
patients with previous episodes of VTE associated to heparin
pregnant women travelling for more than 4 hours (RCOG 2009)

Treatment is conservative and mainly based on support or therapeutic elastic compression stockings exerting a 10-15 mmHg pressure at ankle. Compression with class 1 or 2 stockings is only
effective in preventing saphenous reflux; however, it does not reduce the risk of telangiectasias and
small varicose veins. In case of fully manifest varicose veins, the use of class 1 elastic stockings is
indicated (18-21 mmHg at ankle) (CIF Guidelines 2013).
LONG-DISTANCE TRAVELLERS at increased risk of VTE (e.g. previous VTE, recent surgery
or trauma, active malignancies, pregnancy, use of oestrogen- progestogen, advanced age, limited
mobility, severe obesity or known thrombophilic disorder) should wear elastic preventive or therapeutic knee-length GCS from 15 to 30 mmHg (Tab. 1-2).
Tab. 1- Recommendations of the Italian Phlebology Council (CIF) for long-distance travellers
All pregnant women should be carefully evaluated for risk of thrombosis. Grade A III
In case symptoms associated with functional venous insufficiency and/or onset of telangiectasias or reticular varicose
veins during pregnancy with no thrombotic risk, the use of support hose or AFNOR Class I (10-15 mmHg) stockings
is indicated.
Grade C IIb
In case of onset of varicose vein disease during pregnancy, compression class 1 (18-21 mmHg) therapeutic stockings
should be worn for the entire pregnancy and after delivery, also to prevent thrombosis — Grade B Ib
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Tab. 2 - ACCP guidelines for long-distance traveling people
- For long-distance travelers at increased risk of VTE (including previous VTE, recent surgery or trauma, active malignancy, pregnancy, estrogen use, advanced age, limited mobility, severe obesity, or known thrombophilic disorder),
we suggest frequent ambulation, calf muscle exercise, or sitting in an aisle seat if feasible (Grade 2C).
- For long-distance travelers at increased risk of VTE (including previous VTE, recent surgery or trauma, active
malignancy, pregnancy, estrogen use, advanced age, limited mobility, severe obesity, or known thrombophilic disorder), we suggest use of properly ﬁtted, BELOW KNEE GCS PROVIDING 15 TO 30 MM HG OF PRESSURE
AT THE ANKLE DURING TRAVEL (Grade 2C). FOR ALL OTHER LONG-DISTANCE TRAVELERS, WE
SUGGEST AGAINST THE USE OF GCS (Grade 2C).
- For long-distance travelers, we suggest against the use of aspirin or anticoagulants to prevent VTE (Grade 2C).

The 2012 ACCP Guidelines suggest using elastic compression during pregnancy in all patients
considered at high risk of VTE after caesarean section, and in all women with previous DVT: they
should wear elastic GCS with a pressure of 30-40 mmHg for at least two years, in order to prevent
the onset of post-thrombotic syndrome (Tab.3).
Tab. 3 - ACCP guidelines for pregnancy women
Maternal Consequences of Antithrombotic Therapy Use During Pregnancy
For pregnant patients, we recommend LMWH for the prevention and treatment of VTE, instead of UFH (Grade 1B).
Fetal Consequence of Antithrombotic Therapy Use in Pregnant Women
For women receiving anticoagulation for the treatment of VTE who become pregnant, we recommend LMWH over
VKAs during the ﬁrst trimester (Grade 1A), in the second and third trimesters (Grade 1B), and during late pregnancy
when delivery is imminent (Grade 1A).
For women requiring long-term VKAs who are attempting pregnancy and are candidates for LMWH substitution, we
suggest performing frequent pregnancy tests and substituting LMWH for VKAs when pregnancy is achieved rather
than switching to LMWH while attempting pregnancy (Grade 2C).
Remarks: Women who place little value on avoiding the risks, inconvenience, and costs of LMWH therapy of uncertain duration while awaiting pregnancy and a high value on minimizing the risks of early miscarriage associated with
VKA therapy are likely to choose LMWH while attempting pregnancy.
For pregnant women, we suggest limiting the use of fondaparinux and parenteral direct thrombin inhibitors to those
with severe allergic reactions to heparin (eg, HIT) who cannot receive danaparoid (Grade 2C).
For pregnant women, we recommend avoiding the use of oral direct thrombin (eg, dabigatran) and anti-Xa (eg, rivaroxaban, apixaban) inhibitors (Grade 1C).
VTE in Patients Using Assisted Reproductive Technology
For women undergoing assisted reproduction, we recommend against the use of routine thrombosis prophylaxis
(Grade 1B).
For women undergoing assisted reproduction who develop severe ovarian hyperstimulation syndrome, we suggest
thrombosis prophylaxis (prophylactic LMWH) for 3 months postresolution of clinical ovarian hyperstimulation
syndrome rather than no prophylaxis (Grade 2C).
Remarks: Women who are averse to taking medication for very small beneﬁt and those who consider self-injecting a
considerable burden will be disinclined to use LMWH for extended thrombosis prophylaxis. Given that the absolute
beneﬁt decreases as time from the hyperstimulation event increases, such women will be very disinclined to continue
prophylaxis throughout the entire resultant pregnancy.
Prevention of Recurrent VTE in Pregnant Women
For all pregnant women with prior VTE, we suggest postpartum prophylaxis for 6 weeks with prophylactic- or intermediate-dose LMWH or VKAs targeted at INR 2.0 to 3.0 rather than no prophylaxis (Grade 2B).
For pregnant women at low risk of recurrent VTE (single episode of VTE associated with a transient risk factor not
related to pregnancy or use of estrogen), we suggest clinical vigilance antepartum rather than antepartum prophylaxis
(Grade 2C).
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For pregnant women at moderate to high risk of recurrent VTE (single unprovoked VTE, pregnancy- or estrogen-related VTE, or multiple prior unprovoked VTE not receiving longterm anticoagulation), we suggest antepartum
prophylaxis with prophylactic- or intermediate dose LMWH rather than clinical vigilance or routine care (Grade 2C).
For pregnant women receiving longterm VKAs, we suggest adjusted-dose LMWH or 75% of a therapeutic dose of
LMWH throughout pregnancy followed by resumption of long term anticoagulants postpartum, rather than prophylactic-dose LMWH (Grade 2C).
Prevention of VTE in Pregnant Women With Thrompophilia and No Prior VTE
For pregnant women with no prior history of VTE who are known to be homozygous for factor V Leiden or the
prothrombin 20210A mutation and have a positive family history for VTE, we suggest antepartum prophylaxis with
prophylactic- or intermediate-dose LMWH and postpartum prophylaxis for 6 weeks with prophylactic- or intermediate-dose LMWH or VKAs targeted at INR 2.0 to 3.0 rather than no prophylaxis (Grade 2B).
For pregnant women with all other thrombophilias and no prior VTE who have a positive family history for VTE, we
suggest antepartum clinical vigilance and postpartum prophylaxis with prophylactic- or intermediate-dose LMWH
or, in women who are not protein C or S deﬁ cient, VKAs targeted at INR 2.0 to 3.0 rather than routine care (Grade
2C).
For pregnant women with no prior history of VTE who are known to be homozygous for factor V Leiden or the prothrombin 20210A mutation and who do not have a positive family history for VTE, we suggest antepartum clinical
vigilance and postpartum prophylaxis for 6 weeks with prophylactic- or intermediatedose LMWH or VKAs targeted
at INR 2.0 to 3.0 rather than routine care (Grade 2B).
For pregnant women with all other thrombophilias and no prior VTE who do not have a positive family history for
VTE, we suggest antepartum and postpartum clinical vigilance rather than pharmacologic prophylaxis (Grade 2C).
Prevention of Pregnancy Complications in Women With Thrombophilia
For women with recurrent early pregnancy loss (three or more miscarriages before 10 weeks of gestation), we recommend screen ing for antiphospolipid antibodies (APLAs) (Grade 1B).
For women with a history of pregnancy complications, we suggest not to screen for inherited thrombophilia (Grade 2C).
10.2.3. For women who fulﬁ ll the laboratory criteria for APLA syndrome and meet the clinical APLA criteria based
on a history of three or more pregnancy losses, we recommend antepartum administration of prophylactic- or intermediate-dose UFH or prophylactic LMWH combined with low-dose aspirin, 75 to 100 mg/d, over no treatment
(Grade 1B).
For women with inherited thrombophilia and a history of pregnancy complications, we suggest not to use antithrombotic prophylaxis (Grade 2C).
Prevention of Recurrent Preeclampsia or Pregnancy Loss in Women Without Known Thrombophilia
For women considered at risk for preeclampsia, we recommend low-dose aspirin throughout pregnancy, starting from
the second trimester, over no treatment (Grade 1B).
For women with two or more miscarriages but without APLA or thrombophilia, we recommend against antithrombotic prophylaxis (Grade 1B).
Prevention of Thromboembolism in Pregnant Women With Mechanical Heart Valves
For pregnant women with mechanical heart valves, we recommend one of the following anticoagulantregimens in
preference to no anticoagulation (all Grade 1A):
(a) Adjusted-dose bid LMWH throughout pregnancy. We suggest that doses be adjusted to achieve the manufacturer’s peak anti-Xa LMWH 4 h postsubcutaneous-injection or
(b) Adjusted-dose UFH throughout pregnancy administered subcutaneously every 12 h in doses adjusted to keep
the mid-interval activated partial thromboplastin time at least twice control or attain an anti-Xa heparin level of 0.35
to 0.70 units/mL or
(c) UFH or LMWH (as above) until the 13th week, with substitution by VKAs until close to delivery when UFH
or LMWH is resumed.
Remarks: For pregnant women with mechanical heart valves, the decision regarding the choice of anticoagulant
regimen is so value and preference dependent (risk of thrombosis vs risk of fetal abnormalities) that we consider the
decision to be completely individualized. Women of childbearing age and pregnant women with mechanical valves,
should be counseled about potential maternal and fetal risks associated with various anticoagulant regimens, including continuation of VKAs with substitution by LMWH or UFH close to term, substitution of VKAs by LMWH or
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UFH until the 13th week and then close to term, and use of LMWH or UFH throughout pregnancy. Usual long-term
anticoagulants should be resumed postpartum when adequate hemostasis is assured.
In women judged to be at very high risk of thromboembolism in whom concerns exist about the efﬁ cacy and safety
of UFH or LMWH as dosed above (eg, older generation prosthesis in the mitral position or history of thromboembolism), we suggest VKAs throughout pregnancy with replacement by UFH or LMWH (as above) close to delivery
rather than one of the regimens above (Grade 2C).
Remarks: Women who place a higher value on avoiding fetal risk than on avoiding maternal complications (eg,
catastrophic valve thrombosis) are likely to choose LMWH or UFH over VKAs. 12.1.3. For pregnant women with
prosthetic valves at high risk of thromboembolism, we suggest the addition of low-dose aspirin, 75 to 100 mg/d
(Grade 2C).

Obstetrics - caesarean section
Caesarean section has a 2-3fold risk of VTE over vaginal delivery, which may become even
4-fold in case of emergency caesarean sector. The risk extends until 4-6 weeks after delivery, with
low absolute risk (1 on 1000 pregnancies). The presence of a general or specific VTE risk factor
should induce to perform post-partum prophylaxis for at least 7 days even when caesarean section
is a therapeutic choice and is not performed in emergency conditions (Tab.4)
Tab. 4 - Recommendations of Regione Toscana for caesarean section
• Caesarean section during labour: mobilisation, preventing dehydration and thromboprophylaxis with LMWH for
at least 7 days (test IV A).
• Elective caesarean section: mobilisation, preventing dehydration and thromboprophylaxis with LMWH for at least
7 days in case at least one of the following factors is present: age >35 years, obesity (BMI >30), parity ≥3, preeclampsia, blood loss >1,000 ml or need for transfusion, smoke, extended varicose veins, recurring systemic infections,
immobility (test IV A).
• Elective or non-elective caesarean section, whether associated with previous VTE episodes or in case of any other
condition requiring LMWH thromboprophylaxis (Asymptomatic thrombophilia, BMI >40, prolonged hospitalisation, cardiac or pulmonary disease, SLE, cancer, nephrotic syndrome, sickle cell anaemia, use of intravenous drugs):
mobilisation, hydration and thromboprophylaxis with LMWH for at least 6 weeks (test IV A).
• The administration of LMWH is not a contraindication for breast-feeding (test III A).

Overcash RJ et al. (2015) compared the adequacy of VTE prophylaxis based on anti-Xa concentrations between weight-based enoxaparin dosing and BMI-stratified dosing in morbidly obese
women after cesarean delivery, evidencing that weight-based dosing is significantly more effective
in achieving adequate anti-Xa concentrations. The weight-based regimen was 0.5 mg/kg of enoxaparin every 12 hours. In the BMI-stratified regimen, women with BMIs of 40-59.9 received 40 mg
enoxaparin every 12 hours and women with BMIs of 60 or greater received 60 mg every 12 hours.
The anti-Xa concentration adequate thromboprophylaxis range was 0.2-0.6 international units/mL.
Forty-two morbidly obese women received weight-based enoxaparin, and 43 received BMI-stratified dosing. Anti-Xa concentrations were significantly higher in the weight-based group compared
with the BMI-stratified group (0.29±0.08 international units/mL compared with 0.17±0.07 international units/mL, P<.001). Thirty-six participants (86%) on weight-based dosing had anti-Xa
concentrations within the prophylactic range compared with 11 (26%) on BMI-stratified dosing
(P<.001). No participant had an anti-Xa concentration of 0.6 international units/mL or greater, the
therapeutic threshold for venous thromboembolism prophylaxis.
The Royal College of Obstetricians and Gynaecologists has identified the following categories
of women at risk of VTE when undergoing caesarean section:
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Low risk

Age > 35 years
Negative personal and family clinical history
Elective caesarean section for non-complicated pregnancy with no risk factors

Moderate risk

Severe varicose veins
Age > 35 years
Obesity > 80kg
Deliveries > 4
Pre-section immobility > 4 days
Concomitant pathology or infection
Preeclampsia
Emergency caesarean section

High risk

Presence of 3 or more moderate risk factors
Major abdominal or pelvic associated surgery (e.g. caesarean section+hysterectomy)
Family history of DVT, PE, or thrombophilia
Ascertained thrombophilia status
Absolute immobility (e.g. lower limbs paralysis)

The most frequently occurring additional risk factors are obesity, cigarette smoke, age > 35
years, thrombophilia, threatened abortion with forced bedrest, caesarean section with hypotension
induced by spinal or epidural anaesthesia, lower limb venous insufficiency.
In women having undergone caesarean section with increased VTE risk - presence of one major
and at least two minor risk factors - we suggest either prophylaxis with LMWH prophylactic dosing
or mechanical prophylaxis with IPC or GCS in case of contraindication to anticoagulants (GRADE
2B).
In light of currently available knowledge, primary prophylaxis should be carried out according
to the following plan:
low and moderate risk

early mobilisation, graduated compression stockings, NO
drugs

high risk

5000-7500 IU if no complications arise every 12 hours or
LMWH + GCS

high risk persisting after delivery

continuing LMWH administration for 6 weeks

women with congenital thrombophilia

heparin during pregnancy and puerperium + GCS
correction of additional risk factors (e.g. obesity and
smoke)

antiphospholipid antibody syndrome, primary or
sporadic, with no clinical history of abortion or
thrombosis

no medical therapy or ASA 50-100mg

with previous thrombosis, both pregnancy-related
or not

UFH or LMWH administration during all pregnancy
until 4-6 weeks post-partum (in this period, OAT can be
administered) + GCS
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Palmerola KL et al. (2016) reported compliance at intermittent pneumatic compression (IPC)
in 293 patients underwent cesarean delivery. Twenty one percent of patients (n=60) were non-compliant with IPCuse. Reasons for noncompliance included patient discomfort, machine malfunction
and incorrect device use. Patients who were non-compliant had similar risk factors for thromboembolism compared to women who were compliant. Although IPC’s are effective in preventing
thromboembolism, device use was suboptimal in patients post-cesarean patients.
Here below are the recommendations of Regione Toscana and the ACCP guidelines (Tab. 5).
Tab. 5 - ACCP guidelines 2012
VTE Following Cesarean Section
For women undergoing cesarean section without additional thrombosis risk factors, we recommend against the use
of thrombosis prophylaxis other than early mobilization (Grade 1B).
For women at increased risk of VTE after cesarean section because of the presence of one major or at least two minor
risk factors, we suggest pharmacologic thromboprophylaxis (prophylactic LMWH) or MECHANICAL PROPHYLAXIS (ELASTIC STOCKINGS OR INTERMITTENT PNEUMATIC COMPRESSION) in those with contraindications to anticoagulants while in hospital following delivery rather than no prophylaxis (Grade 2B).
Remarks: The reduced bleeding risk with mechanical prophylaxis should be weighed against the inconvenience of
elastic stockings and intermittent pneumatic compression.
For women undergoing cesarean section who are considered to be at very high risk for VTE and who have multiple
additional risk factors for thromboembolism that persist in the puerperium, we suggest that prophylactic LMWH
be combined with ELASTIC STOCKINGS AND/OR INTERMITTENT PNEUMATIC COMPRESSION over
LMWH alone (Grade 2C).
For selected high-risk patients in whom signiﬁ cant risk factors persist following delivery, we suggest extended prophylaxis (up to 6 weeks after delivery) following discharge from the hospital (Grade 2C).
Use of Antithrombotic Therapy in Nursing Women
For lactating women using warfarin, acenocoumarol, or UFH who wish to breastfeed, we recommend continuing the
use of warfarin, acenocoumarol, or UFH (Grade 1A).
For lactating women using LMWH, danaparoid, or r-hirudin who wish to breast-feed, we recommend continuing
the use of LMWH, danaparoid, or r-hirudin (Grade 1B).
For breast-feeding women, we suggest alternative anticoagulants rather than fondaparinux (Grade 2C).
For breast-feeding women, we recommend alternative anticoagulants rather than oral direct thrombin (eg, dabigatran) and factor Xa inhibitors (eg, rivaroxaban, apixaban) (Grade 1C).
For lactating women using low-dose aspirin for vascular indications who wish to breastfeed, we suggest continuing
this medication (Grade 2C).

Gynaecological surgery
VTE is a substantial and potentially avoidable complication also after gynaecological surgery.
The incidence of DVT after gynaecological surgery performed without thromboprophylaxis ranges
from 15% to 40% and is similar to DVT incidence after major general surgery. Global incidence of
DVT is comparable to or slightly lower than in general surgery. In 19 studies involving 2,268 women undergoing gynaecological surgery without prophylaxis, reported post-surgery DVT occurrence
ranged between 4% and 38%, with an average of 16% (diagnostics based on fibrinogen uptake test).
Fatal PE was reported in 0.4% of a cumulative sample >1,000 including non-protected subjects and
may reach 12%. Factors which may seem to increase the risk of VTE after gynaecological surgery are
similar to factors related to general surgery, such as advanced age, previous DVT/PE, malignancies
and abdominal (rather than vaginal) surgery. In particular, gynaecological oncology patients are at
substantially increased risk of DVT: several of them are in their advanced age, in some, a pelvic mass
may exert pressure on major veins, they are exposed to lesions of the vein intima during surgery
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(especially when pelvic lymph nodes are dissected), surgery usually takes a long time, postoperative
mobility is often impaired, and, finally, chemotherapy itself is thrombogenic. As in other surgical
patients, although thrombi start to form during surgery or immediately after it, a significant share
of symptomatic events occurs after dismissal from hospital: 1.1% over a total of 2.3% (White RH.
et al. 2003). By cumulating the incidence of fatal PE in prospective studies carried out on 7,000
gynaecological surgery patients, it is possible to show that risk drops by 75% with thromboprophylaxis (from 0.4% to 0.1%).
Rational prophylaxis is always based on the awareness of risk factors: gynaecological surgery has
some peculiarities which lead to increased VTE risk over other surgeries. First of all, contraceptive
or replacement hormonal therapies lead to a 4-fold risk of VTE risk; additionally, surgery is performed in specific anatomical areas and for diseases affecting vital venous drainage areas. Risk stratification proposals can be summarised in those included in the International Consensus Statement,
which is the most commonly referenced to. The document makes a distinction between vaginal
and abdominal surgery, indicates oestrogen treatment as an additional risk factor in young women
and emphasises high risk of VTE in case of oncologic diseases or previous DVT. (Consensus on
Compression - CTG 2009)
For thromboprophylaxis of VTE in gynaecological oncology patients, treatment based on one
single prevention strategy (Antiembolism Stocking, IPC or LMWH) is associated by an incidence
of VTE between 1% and 6.5%; therefore, it is necessary to implement combined pharmacologic
and mechanical prophylaxis regimes.
Benign tumors
hokenstad ED et al. (2016) reported in a group of 26.103 patients, presented in the American
College of Surgeons National Quality Improvement Program (NSQIP) database, who underwent
surgery for pelvic organ prolapse (POP), that VTE is rare. Although differences in VTE rates between procedure groups failed to maintain statistical significance after multivariate analysis, we
were able to identify risk factors associated with an increased VTE risk in surgery for POP. Women
with obesity, an increased length of stay, or ASA score of 3 or higher are at an increased risk for
developing VTE after undergoing surgery for POP. Of the 26,103 women who underwent surgery
for POP, 21.311 (81.7 %) underwent vaginal (VAG), 3,346 (12.8 %) laparoscopic sacrocolpopexy
(LSC), and 1.426 (5.5 %) open abdominal sacrocolpopexy (ASC). VTE occurred in 36 patients
(0.17 %) in VAG group, 8 (0.24 %) in LSC group, and 9 (0.63 %) in the ASC group. The ASC
group had a significantly higher incidence of VTE compared with the VAG group (p < 0.01). Upon
multivariate analysis, factors associated with a greater incidence of VTE included BMI greater than
30 kg/m2 (P=0.048), ASA score of 3, 4, or 5 (P=0.027), and length of stay above the 75th percentile
(P < 0.01). The procedure group did not retain statistical significance in multivariate modeling.
Some studies carried out on subjects who underwent elective gynaecological surgery for benign
diseases have shown that antiembolism stockings have ensured greater protection from DVT than
no prophylaxis. Randomised studies have evaluated the effects of IPC in patients who underwent
gynaecological surgery. The use of IPC alone during surgery and in the first 24 hours after it has
not proved effective, while continuing IPC prophylaxis for at least 5 days postoperatively proved
to be much more effective than in control groups and offered a degree of protection comparable to
low dose UFH.
A review of Rahn DD et al. (2011) showed that IPC provides sufficient prophylaxis for the majority of gynecology patients undergoing benign surgery. Additional risk factors warrant the use of
combined mechanical and pharmacologic prophylaxis. One thousand two hundred sixty-six articles
were screened for gynecologic interventions and comparators (included graduated compression
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stocking, IPC, UFH, LMWH, placebo and routine postoperative care), and 14 randomized controlled trials (five benign gynecologic, nine gynecologic oncology) met eligibility criteria. In addition, nine prospective or retrospective studies with at least 150 women were identified and provided
data on VTE risk stratification, gynecologic laparoscopy, and urogynecologic populations. Eligible
randomized controlled trials were extracted for these characteristics: study, participant, surgery, intervention, comparator, and outcomes data, including VTE incidence and bleeding complications.
Overall incidence of clinical venous thromboembolism was 0-2% in the benign gynecologic
population. With use of IPCfor benign major procedures, venous thromboembolism incidence was
less than 1%. No VTE were identified in prospective studies of benign laparoscopic procedures.
Overall quality of evidence in the benign gynecologic literature was poor. Gynecologic-oncology
randomized controlled trials reported VTE incidence (including “silent” VTE) of 0-14.8% with
prophylaxis and up to 34.6% without prophylaxis. Fair quality of evidence supports that LDUH
and IPC are both superior to placebo or no intervention but insufficient to determine whether
heparins are superior to IPC for VTE prevention. Combining two of three risks (aged 60 years
or older, cancer, or personal venous thromboembolism history) substantially elevated the risk of
venous thromboembolism.
Malignancies
Gynecologic surgical patients, especially those with malignancy, have an elevated risk: without
prophylaxis, rates of VTE are as high as 35%. Even with prophylaxis, clinically significant PEs are
found in 5-18% of women undergoing complex pelvic surgery (Einstein MH et al. 2007; Rodriguez AO et al. 2007; Tateo S et al. 2005). The risk of venous thromboembolic events (VTE) among
patients undergoing cancer-directed surgery is two to three-fold higher than in non-cancer patients
(Lyman GH et al. 2013). Given the high-risk of VTE, strategies using pharmacologic prophylaxis
have been tested in numerous prospective trials and recommended in national guidelines for more
than two decades (Geerts WH et a. ACCP 2008; Gould MK et al. ACCP 2012). Preoperative
lower extremity screening is not useful, in part because many gynecologic oncology patients with
postoperative PEs have no evidence of DVT pre- or post-operatively (Clarke-Pearson DL et al.
2012). Both immediate and extended perioperative pharmacologic prophylaxis with low molecular
weight heparin decrease rates of VTE and of hospital readmission in medical and surgical patients
with malignancy (Samama MM et al. 1999; Bergqvist D, et al. 2002). The American College of
Chest Physicians (ACCP) and the American College of Obstetricians & Gynecologists (ACOG)
recommend LDUH, LMWH, LDUH or LMWH combined with IPC for patients at moderate
or high risk who undergo gynecologic surgery, with extended prophylaxis for 2-4 weeks after discharge (Committee on Practice Bulletins - ACOG 2007). Despite ample guidelines, adherence
continues to be suboptimal, ranging in published series from 39-59% (Schleyer AM et al. 2011;
Stroud W et al. 2014; Cohen AT MH et al. 2008).While inpatient postoperative VTE prophylaxis
has gained acceptance, the use of preoperative or extended prophylaxis has been inconsistent and/
or infrequent except in certain orthopedic (Prandoni P et al. 2002) and cancer populations (Reinke
CE et al. 2012). Potential concerns with perioperative anticoagulation include perceived risks for
wound infection or hematoma, surgical blood loss, and concomitant increased hospital lengths of
stay (Jensen CD et al. 2011).
Trujillo-Santos J et al. (2012) reported that in 15.520 consecutive patients with VTE, presented
in the Registro Informatizado de la Enfermedad Trombo Embólica Registry, cancer was present in
20% and was associated with a two-fold increase in the risk of fatal PE. In a subsequent study
including 2.474 women with cancer, 329 (13%) died during the first month. The incidence of fatal
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PE (n = 71) exceeded that of fatal bleeding (n = 22), except in women with cancer of the bladder or
vulva. Then Authors compared the mortality rate according to initial presentation in 3.978 women
with cancer and VTE, of whom 438 (11%) died during the first month. The risk of fatal bleeding
was twice as high as the risk of fatal PE (12 vs. 5 deaths) in those with DVT alone. The Authors
concluded that the higher risk of dying from bleeding than from PE in some women with cancer
and VTE suggests that a less aggressive anticoagulant strategy might reduce fatal bleeding more
than it would increase fatal pulmonary embolism during this period.
Gunderson CC et al. (2014) reported a that preoperative and postoperative VTE appear to have
a detrimental effect on overall survival (OS) with epithelial ovarian cancer (EOC). When modeled
as a binary variable, postoperative VTE attenuated progression free survival (PFS); however, when
VTE timing was modeled, postoperative VTE was not associated with PFS. It is unclear whether
VTE is an inherent poor prognostic marker or if improved VTE prophylaxis and treatment may
enable similar survival to patients without these events. In 586 patients with Stage I-IV EOC from
1996 to 2011, most tumors were high grade serous (68.3%) and advanced stage (III/IV, 75.4%).
Median age was 63 years (range, 17-94); median BMI was 27.1 kg/m(2) (range, 13.7-67.0).. 3.7%
had a preoperative VTE; 13.2% had a postoperative VTE. Upon multivariate analysis adjusting for
age, stage, histology, performance status, and residual disease, preoperative VTE was predictive of
OS (HR 3.1, 95% CI: 1.6-6.1, p=0.001) but not progression free survival (PFS) (p=0.55). Postoperative VTE was associated with shorter PFS (HR 1.45, 95% CI: 1.04-2.02, p=0.03) and OS
(HR 1.8, 95% CI: 1.3-2.6, p=0.001). When VTE timing was modeled, preoperative VTE (HR
3.5, 95% CI: 1.8-6.9, p<0.001) and postoperative VTE after primary therapy (HR 2.3, 95% CI:
1.4-3.6, p=0.001) were predictive of OS.
Diaz ES et al. (2013) reported that VTE during ovarian clear cell carcinoma (OCCC) primary treatment is associated with a significantly higher risk of cancer recurrence and death. This
increased risk is not attributable to VTE-related mortality and raises the possibility that a paracrine circuit involving thrombosis might contribute to a more aggressive tumor biology. Among
74 patients with OCCC, VTE was diagnosed in 11 (15%) during primary treatment and 7 (9%)
at time of cancer recurrence; 56 (76%) patients never developed VTE. Patients with VTE during
OCCC primary treatment had shorter progression-free survival (PFS) and overall survival (OS)
than OCCC patients without VTE (median PFS 11 vs. 76 months, p=0.01, median OS 19 vs. 90
months, P=0.001). Patients with VTE during OCCC primary treatment had a 3.9-fold increase in
risk of recurrence (P =0.007) and a 6.3-fold increase in risk of death (P <0.001). After controlling
for cancer stage, VTE during OCCC primary treatment remained an independent prognostic factor for death (HR=3.6, P =0.005). No patient died of VTE.
Cohen JG et al. (2017) point out that in patients affected by ovarian clear cell carcinoma and
high-grade serous ovarian cancer, the levels of plasma tissue factor (TF) and the activity of the
microvesicles of the same tissue factor (MV TF) are not predictive of VTE, and, therefore, immunohistochemistry does not help stratifying VTE risk in these patients, although these tumors have
the highest VTE risk among ovarian epithelial tumors. Indeed, on 105 patients, including 35 patients affected by VTE within 9 months of surgery, were subjected to assessment via enzyme-linked
immunosorbent assay for measuring plasma TF and to a TF-dependent Factor Xa generation assay
to measure the activity of MV TF. Immunohistochemical tests were carried out to assess the tumor
expression of TF, based on the assumption that ovarian clear cell carcinoma expresses a significantly
higher TF than the other tumor (p<0,0001). Results show that although patients with VTE were
affected by a significantly worse ovarian tumor (P<0,0001) than the other patients, with a 3-fold
increase of mortality, no significant differences were detected in average plasma levels of TF or the
activity of MV TF over patients not affected by VTE.
123

There are only two RCT that have compared the use of anticoagulants and IPCin surgical patients
with gynecologic malignancy. In particolare quella di Maxwell et al. (2001) concludono che LWMH
e IPC hanno effetti simili con una incidenza del 1,9% per LWMH versus lo 0,9% per IPC (Table 6).
Table 6 - Randomized controlled trials of VTE prophylaxes (anticoagulant vs IPC)
in surgical patients with gynecologic malignancy
Author, reference,
Intervention (n)
Comparator (n)
VTE detection method
country, year
IPCapplied with inUFH 5000 units 2, 10,
duction of anesthesia 125
I-ﬁbrinogen, clinical
Clarke-Pearson,
18h preoperatively and
and continued until
VTE
USA, 1993
every 8h postoperatively×5th postoperative day
7days (107)
(101)
Dalteparin 2500 units IPCapplied with in1-2h preoperatively, 12h duction of anesthesia Doppler ultrasound of
Maxwell,
USA,
postoperatively, and then and continued until bilateral lower extrem2001
5000 units once a day×- 5th postoperative day ities
5days (105)
(106)

VTE incidence
6.5% compared with 4.0%
(NS)
1.9% compared with 0.9%
(NS)

Clarke-Pearson DL et al. (2012) referred that preoperative risk assessment of the individual patient will provide insight into the level of risk and the potential benefits of prophylaxis. Common
risks include a history of VTE, age, major surgery, cancer, use of oral contraceptives or hormone
therapy, and obesity. Based on the presence of risk factors, the patient should be categorized into
one of four risk groups and appropriate thromboprophylaxis prescribed. Randomized clinical trials in gynecologic surgery and general surgery have established the significant value of thromboprophylaxis. For moderate- and high-risk patients undergoing surgery for benign gynecologic conditions, low dose UFH, LMWH, IPC, and antiembolism stocking all have demonstrated benefit.
If using low dose UFH in high-risk patients, the heparin should be administered 5,000 units every
8 hours. Because DVT often begins in the perioperative period, it is important to initiate low dose
UFH or administer the first LMWH dose either 2 hours preoperatively or 6 hours after the surgical procedure. LMWH heparin has the advantage of being administered once daily but is more
expensive than low-dose unfractionated heparin. In addition, LMWH has not been shown to be
more effective and has similar risk of bleeding complications when compared with low dose UFH.
In the very high-risk patient, a combination of two prophylactic methods may be advisable and
continuing LMWH for 28 days postoperatively appears to be of added benefit.
A randomized and controlled trial of Nagata C et al. (2015) compared the efficacy and safety
of enoxaparin and IPC for VTE prevention in Japanese patients ≥40 years old undergoing major
surgery for gynecologic malignancy without preoperative VTE. All enrolled patients received IPC
immediately before surgery. After surgery, they were randomly assigned to either an enoxaparin
group or an IPC-alone group. The enoxaparin group received enoxaparin injection (20 mg, subcutaneous, every 12 h) from postoperative day 2 to 8. IPC was discontinued after the first injection.
In the IPC-alone group, IPC was continued until full ambulation. An interim analysis was to be
conducted when the first 30 patients had completed the study protocol and six cases of VTE were
found: five (35,7%) in the IPC-alone group and one (6,7%) in the enoxaparin group (Fisher’s exact test, P = 0.08). Three patients (21,4%) in the IPC-alone group developed PE, but none in the
enoxaparin group did so (Fisher’s exact test, P = 0.10).
A metanalysis on 7 randomized controlled trials involving 1001 participants were included publicated by Feng JP et al. (2017) on the use of IPC for VTE prophylaxis in patients undergoing
gynecologic surgery, concluded that IPC is efficacy in DVT risk reduction. Compared with con124

trol, IPC significantly lowered the deep vein thrombosis (DVT) risk [risk ratio (RR) = 0.33, 95%
confidence interval (CI): 0.16 - 0.66]. The incidence of DVT in IPC and drugs group was similar
(4.5% versus. 3.99%, RR = 1.19, 95% CI: 0.42 - 3.44). With regards to PE risk, no significant
difference was observed in IPC versus control or IPC versus drugs. IPC had a lower postoperative
transfusion rate than heparin (RR = 0.53, 95% CI: 0.32 - 0.89), but had a similar transfusion rate
in operating room to low molecular weight heparin (RR = 1.06, 95% CI: 0.69 - 1.63). Combined
use of IPC and CA had a marginally lower risk of DVT than GCS alone (RR = 0.38, 95% CI: 0.14
- 1.03). In summary, IPC is effective in reducing DVT complications in gynecologic surgery. IPC
is neither superior nor inferior to pharmacological thromboprophylaxis. However, whether
combination of IPC and chemoprophylaxis is more effective than IPC or chemoprophylaxis alone
remains unknown in this patient population.
Martino MA et al. (2012) reported that the use of preoperative enoxaparin is not associated
with increased blood loss, transfusion requirements, operative time, or hospital stay among patients
having major gynecologic open surgery. One hundred twenty two patients, treated with IPC and
early ambulation, were divided in 2 groups: 63 patients who received preoperative and postoperative enoxaparin 20-40mg and 59 patients who received no additional prophylaxis. Both groups
were similar in age, body mass index, race, comorbidities, cancer diagnosis, and surgical procedure.
There was no significant difference between the enoxaparin + IPC group and the IPC-only group
regarding transfusion rates (29% and 27%; P = 0.86), operating time (150 and 140 minutes; P =
0.16), blood loss greater than 500 cc (35% and 37%; P = 0.79), and length of stay (5 vs 6 days).
Montoya TI et al. (2014) report, in a multicentric study, a low incidence of VTE (0.25%) in a
group of 10,627 women subjected to pelvic uro-gynaecological reconstructive surgery using only
IPC as prophylaxis, from admission to hospital to 6 weeks after surgery. Potential risk factors for
VTE are laparotomy, age > 70 years and duration of surgery > 5 hours.
Japanese guidelines recommend IPC or UFH for patients subjected to radical/ therapeutic pelvic
surgery (JCS) (JCS Joint Working Group. Guidelines 2011). It is interesting to point out that 41%
of American gynaecologists prefer to administer IPC with no further anticoagulants (Martino MA
et al. 2007) although guidelines recommend pharmacologic prophylaxis as the elective treatment.
Corr BR et al. (2015) determined the effectiveness and safety of an expanded perioperative VTE
prophylaxis strategy in 527 women undergoing major gynecologic surgery. VTE rate pre-intervention was 6,67% (23 patients: 8 DVTs and 15 PEs) while post-intervention was 2,7% (182 patients:
3 DVTs and 2 PEs) (RR=0.4, p=0.056). Time-to-event analysis showed a significantly higher incidence of VTE events in the pre-intervention time frame compared to the post-intervention period
(p= 0.049). There were no significant differences in bleeding or infection complications between
groups. Authors concluded that implementation of a perioperative VTE prophylaxis protocol was
safe, feasible and resulted in a clinically significant reduction in symptomatic VTE. Preoperative
single-dose of UFH for all patients, combined with two weeks of thromboprophylaxis in gynecologic cancer patients, may decrease VTE events without increasing bleeding or infection.
Even after hospital discharge, the risk of VTE disease remains elevated for several weeks to
months following surgery (Sweetland S et al. 2009; Gould MK et al. ACCP 2012; Huber O et al.
1992; Spyropoulos AC et al. 2009). (Sweetland S et al. 2009). To reduce the risk of VTE during the
postoperative, post-discharge period, several randomized trials have investigated extended-duration
VTE prophylaxis with LMWH in high-risk patients who underwent abdominal or pelvic surgery
(Bergqvist D et al. 2002; Lausen I et al. 1998; Rasmussen MS et al. 2006). These studies have
demonstrated that extended-duration prophylaxis, typically for 4 weeks, reduces the risk of DVT
by at least 50%. Importantly, extended prophylaxis was not associated with an increased risk of
bleeding complications in these studies (Gould MK et al. ACCP 2012; Akl EA et al. 2008; Bottaro
FJ et al. 2008; Kakkar VV et al. 2010; Rasmussen MS et al. 2009).
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Based on the efficacy of extended prophylaxis, national consensus guidelines have recommended
extended-duration prophylaxis with LMWH for 4 weeks after hospital discharge in cancer patients
who undergo abdominal or pelvic surgery (Lyman GH et al. 2013; Gould MK et al. ACCP 2012;
Geerts WH et al. ACCP 2008; Geerts WH et al. ACCP 2004).
A large number of randomized studies have examined the efficacy of VTE prophylaxis during
the immediate postoperative period. These studies have demonstrated the efficacy of prophylaxis in
reducing thromboembolic events and recommendations for perioperative VTE prophylaxis have long
been in place to help guide clinicians (Geerts WH et al. ACCP 2008; Gould MK et al. ACCP 2012).
Despite the strength of these recommendations, compliance with in-hospital prophylaxis guidelines is
highly variable (Cohen AT et al. 2008; Kakkar AK et al. 2010; Wright JD et al. 2011; Wright JD et al.
2011). A worldwide analysis of over 18,000 surgical patients found that only 62% received some form
of prophylaxis (Kakkar AK et al. 2010). Similarly, even among high-risk surgical oncology patients,
prophylaxis is often omitted (Wright JD et al. 2011). A number of patient, physician, and hospital-related factors influence utilization of VTE prophylaxis (Kakkar AK et al. 2010; Wright JD et al. 2011;
Ritch JM et al. 2011; Amin AN et al. 2009; Wright JD et al. 2011). The type of procedure performed
appears to be one of the most important predictors of use of VTE prophylaxis. The rates of in-hospital
VTE prophylaxis are highest for colorectal and gastrointestinal procedures and lower for gynecologic
and urologic procedures (Kakkar AK et al. 2010; Wright JD et al. 2011;. To date, there has been little
data specifically evaluating use and predictors of extended-duration VTE prophylaxis. While we noted
an overall low rate of use of extended-duration prophylaxis, use was highest for women undergoing
surgery for ovarian cancer and appeared to be increasing over time. Additionally, randomized trials
as well as systematic reviews have suggested that extended-duration LMWH is efficacious in reducing
the risk of nonfatal VTE after surgery (Bergqvist D et al. 2002; Lausen I et al. 1998; Rasmussen MS
et al. 2006; Akl EA et al. 2008; Bottaro FJ et al. 2008; Kakkar VV et al. 2010; Rasmussen MS et al.
2009). One analysis predicted that use of extended-duration prophylaxis among high-risk patients
would result in 13 fewer events per 1000 patients without an increased risk of hemorrhagic complications (Gould MK et al. ACCP 2012). However, these studies have not demonstrated a statistically
significant reduction in mortality and furthermore, the benefits of extended-duration prophylaxis
are smaller in lower risk patients (Gould MK et al. ACCP 2012). Based on the abundance of data,
extended-duration prophylaxis has been recommended in the American College of Chest Physicians
(ACCP) guidelines for VTE prophylaxis since 2004 (Gould MK et al. ACCP 2012; Geerts WH et al.
ACCP 2008; Geerts WH et al. ACCP 2004). Despite these guidelines, we noted a surprisingly low
rate of extended-duration prophylaxis for patients with colon, ovarian, and uterine cancer undergoing
cancer-directed surgery (Tab. 7).
Wright JD et al. (2011) reported that despite clear recommendations from evidence-based
guidelines, VTE prophylaxis is underused in women undergoing gynecologic surgery. In a total
of 738,150 women who underwent gynecologic surgery, no prophylaxis was given in 39.6% of the
cases (292,034 women), whereas 46.6% (344,068) received IPC, 5.5% (40,268) pharmacologic prophylaxis, and 8.4% (61,780) combination prophylaxis. Use of prophylaxis increased from
53.5% in 2000 to 67.5% in 2010. Prophylaxis was more commonly used in older women, those
with Medicare, women with more comorbidities, white women, patients treated at rural hospitals,
teaching facilities, and in patients treated by high-volume surgeons and at high-volume centers
(odds ratio [OR] 1.25, 95% confidence interval [CI] 1.23-1.27, P<.05 for all). Factors associated
with use of pharmacologic prophylaxis included advanced age, white race, noncommercial insurance, later year of diagnosis, greater comorbidity, treatment at large hospitals and urban facilities,
and treatment by a high-volume surgeon (OR 1.47, 95% CI 1.44-1.49).
Wright JD et al. (2016) analyzing 63.280 patients with colon (laparoscopic/robotic-assisted
procedure or an open colectomy), ovarian (with or without cytoreduction performed), and uterine
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cancer (open, vaginal, laparoscopic or robotic-assisted) who underwent surgery from 2009-2013,
pointed out that use of extended-duration prophylaxis (EDP) is low among high-risk cancer
patients undergoing surgery. The VTE rate associated with colectomy was 1.3% during hospitalization and 2.9% during the 3-month postoperative period. Similar trends were noted for ovarian
cancer; the in-hospital VTE rate was 1.9% while 3.7% of women were diagnosed with VTE postoperatively. The corresponding VTE rates after hysterectomy for endometrial cancer were 0.8%
during hospitalization and 2.1% postoperatively. VTE rates were lower for patients who underwent
minimally invasive compared to open procedures. EDP increased from 2009 to 2013 from 1.4% to
1.7% (P=0.67) for colectomy, 5.9% to 18.3% for ovarian cancer surgery (P<0.001), and 6.3% to
12.2% (P<0.001) for hysterectomy for endometrial cancer. There was no association between use
of EDP and reductions in VTE for any of the procedures: colectomy (2.4% with EDP vs. 2.9%
without prophylaxis, OR=0.84; 95% CI, 0.54-1.31), ovarian cancer-directed surgery (3.7% vs.
3.6%, OR=1.01; 95% CI, 0.76-1.33), hysterectomy (2.1% vs. 2.1%; OR=0.96; 95% CI, 0.671.38). Extended-duration prophylaxis was associated with an increased risk of adverse postoperative
events: 2.20 (95% CI, 1.51-3.19) after colectomy, 1.24 (95% CI, 0.92-1.68) following ovarian
cancer-directed surgery and 0.99 (95% CI, 0.66-1.48) for hysterectomy for endometrial cancer.
Regione Toscana (2015) has drafted a specific card aimed at identifying individual risk of VTE
in gynaecological surgery: one part focuses on the patient’s characteristics, the other on the surgical
procedure (Tab.7-8). Individual patients’ characteristics which may increase the risk of surgery-related VTE are common to all medical and surgical domains and equally weighed. Different surgical
procedures are included in individual VTE-risk classes according to some specific factors:
• complexity of surgical procedure (increased risk in surgeries performed for oncological diseases,
highly complex and associated to extended lymph-node dissection);
• total duration of surgery (procedures longer than 30-40 minutes are at increased risk);
• site of surgery (pelvic surgery is at increased risk);
• pelvic radiation therapy;
• laparotomic surgical approach.
The Compression Therapy Group suggests for women in pregnancy CEAP C1s to utilize non
medical support hosiery of 18 mmHg at ankle or Graduated Compression Stocking (GCS) therapeutic of 20-30 mmHg (1 class) for all pregnancy. In CEAP C2 cases we suggest a therapeutic
stocking of 30-40 mmHg (2 class). Compression therapy class will be conform to the patient general health and compliance.
For natural partum we suggest antiembolism stocking specially in women CEAP C2 or higher,
dressed until discharge.
For cesarean section and for gynecological surgery we suggest to follow ACCP guideline until
discharge and to continue with Graduated Compression Stocking (GCS), conformed to patient
general health and compliance, until complete recovery.
Tab. 8 - Extent of VTE risk according to interested anatomical areas and type of surgical procedure.
RISK
PROCEDURE
Low (score 0)
Removal of urethral caruncle, cervical biopsy, vaginal biopsy, vulvar biopsy, ring biopsy
excision cyst Bartholin’s gland, polypectomy, diagnostic dilation and curettage,
Medium (score 1)
removal of uterine adnexa, colpohysterectomy with/without removal of adnexa, excision
of ovarian cyst laparohysterectomy with/without removal of adnexa, myomectomy, anterior/posterior vaginoplasty
High (score 2)
Radical laparohysterectomy with lymphadenectomy, total laparohysterectomy with lymphadenectomy, pelvic lymph node dissection, lumbar-aortic lymphadenectomy, radical
vulvectomy
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Tab. 9 - Regione Toscana Recommendations for gynaecological surgery
• Low-risk patients (score 0): only early mobilization is recommended (test I A).
• Moderate-risk patients (score1): UFH prophylaxis is recommended using 5,000 U x 2/day, or LMWH in doses
below 3,400 U/day (according to product) once daily. In case of contraindications to pharmacologic prophylaxis (test
I A), only mechanical prophylaxis is recommended.
• High-risk patients (score 2): UFH prophylaxis is recommended using 5,000 U x 3/day, or LMWH in doses above
3,400 U/day (according to product) (test I A).
• Very high-risk patients (multiple factors, score >3): pharmacologic prophylaxis should be combined with Graduated Compression Stocking and/ or IPC (test I A).
• In very high-risk patients (for example, patients undergoing oncologic surgery), pharmacologic prophylaxis with
LMWH should be continued for one month after dismissal from hospital (test I A).
Tab. 7 - ACCP guidelines 2012 for gynecologic patients
- For general and abdominal-pelvic surgery patients at very low risk for VTE (< 0.5%; Rogers score, <7; Caprini
score, 0), we recommend that no speciﬁc pharmacologic (Grade 1B) or MECHANICAL (GRADE 2C) PROPHYLAXIS be used other than early ambulation.
- For general and abdominal-pelvic surgery patients at low risk for VTE (+ 1.5%; Rogers score, 7-10; Caprini score,
1-2), we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH INTERMITTENT PNEUMATIC
COMPRESSION (IPC), over no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (+ 3.0%; Rogers score, > 10; Caprini
score, 3-4) who are not at high risk for major bleeding complications, we suggest LMWH (Grade 2B), UFH (Grade
2B), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (GRADE 2C), over no prophylaxis. Remarks: Three of the seven authors favored a strong (Grade 1B) recommendation in favor of LMWH or LDUH over
no prophylaxis in this group.
- For general and abdominal-pelvic surgery patients at moderate risk for VTE (3.0%; Rogers score, > 10; Caprini
score, 3-4) who are at high risk for major bleeding complications or those in whom the consequences of bleeding are
thought to be particularly severe, we suggest MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over
no prophylaxis (Grade 2C).
- For general and abdominal-pelvic surgery patients at high risk for VTE (+ 6.0%; Caprini score, > 5) who are not at
high risk for major bleeding complications, we recommend pharmacologic prophylaxis with LMWH (Grade 1B) or
UFH (Grade 1B) over no prophylaxis. WE SUGGEST THAT MECHANICAL PROPHYLAXIS WITH ELASTIC STOCKINGS OR IPC should be added to pharmacologic prophylaxis (Grade 2C).
- For high-VTE-risk patients undergoing abdominal or pelvic surgery for cancer who are not otherwise at high risk
for major bleeding complications, we recommend extended-duration pharmacologic prophylaxis (4 weeks) with
LMWH over limited-duration prophylaxis (Grade 1B). Remarks: Patients who place a high value on minimizing
out-of-pocket health-care costs might prefer limited-duration over extended-duration prophylaxis in settings where
the cost of extended-duration prophylaxis is borne by the patient.
- For high-VTE-risk general and abdominalpelvic surgery patients who are at high risk for major bleeding complications or those in whom the consequences of bleeding are thought to be particularly severe, we suggest use of
MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC, over no prophylaxis until the risk of bleeding
diminishes and pharmacologic prophylaxis may be initiated (Grade 2C).
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- For general and abdominal-pelvic surgery patients at high risk for VTE (6%; Caprini score, + 5) in whom both
LMWH and UFH are contraindicated or unavailable and who are not at high risk for major bleeding complications,
we suggest low-dose aspirin (Grade 2C), fondaparinux (Grade 2C), or MECHANICAL PROPHYLAXIS, PREFERABLY WITH IPC (Grade 2C), over no prophylaxis
.
- For general and abdominal-pelvic surgery patients, we suggest that an inferior vena cava (IVC) ﬁlter should not be
used for primary VTE prevention (Grade 2C).
- For general and abdominal-pelvic surgery patients, we suggest that periodic surveillance with venous compression
ultrasound should not be performed (Grade 2C).
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Sclerotherapy versus Compression

Compression therapy is one of the pillars of the management of Chronic Venous Disease management in general and, more specifically, of Sclerotherapy. It can be implemented via compression
bandaging or prevention/therapeutic elastic graduated compression stockings, even if the two devices are not equivalent.
Bandaging, especially non-elastic compression bandaging, should be applied in the acute and/
or decompensation phases of CVD and mainly affects deep venous system circulation during ambulation; therefore, it is indicated in truncular varicose veins sclerotherapy. On the contrary, elastic stockings increase venous tone ab extrinseco and is indicated in cases of stabilised CVD. GCS
should be certified, and its type and size should be prescribed directly by the physician and not by
the retailers.
Sclerotherapy consists of chemical obliteration of varicose veins: a histolesive substance (sclerosant drug) which damages the endothelium and triggers spasm, thrombosis and a reactive inflammatory reaction leading to stenosis, fibrosis and permanent - or semi-permanent - obliteration of
the treated vein.
Immediate obliteration of treated veins is achieved in over 80% of cases. However, as widely
reported in literature, some treated veins undergo early or late recanalization.
Although sclerotherapy was first performed in France in 1853, the first attempts at drafting
“guidelines” date back to 1996 only, when the International Consensus Conference and the American Venous Forum specifically outlined indications for sclerotherapy. Such indications include:
1)
2)
3)
4)
5)

telangiectasias
small-diameter varicose veins (1-3mm)
treatment of residual veins after surgery
treatment of recurring varicose veins after surgery
varicose veins due to venous malformation (Klippel-Trenaunay and similar) for which surgical
treatment is not a viable option
6) emergency treatment of bleeding due to varicose vein rupture
7) perforator veins with <4mm diameter
8) varicose veins feeding skin ulcers.
Therefore, as mentioned before, sclerotherapy is a vital method for properly treating several types
of varicose veins, ranging from telangiectasias (which, besides being an aesthetic issue, may cause
abundant - sometimes severe - bleeding) to severe and crippling forms of CVD, such as lipodermatosclerosis, stasis ulcers and congenital venous malformations.
Several techniques are currently used, all originating in three traditional European schools. More
specifically, they are called Tourney, Sigg and Fegan techniques.
Expected treatment outcomes are best achieved - and with fewer adverse effects - if, after
sclerotherapy, compression is applied to the injected veins and legs via compressive garments, adhesive or mobile bandaging, or therapeutic compression stockings. The larger and more diffused
the varicose veins are, the higher and more prolonged applied compression is (from 3 to 6 weeks
or longer). In some cases, e.g. very dilated varicose veins and legs prone to edema, compression
is vital.
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A comparison of available techniques was the object of a systematic review by the Cochrane
collaboration; however, data included in this review have not led to modification of these guidelines’ recommendations. In particular, it was found out that the type of sclerosant drug does not
significantly affect the outcomes of sclerotherapy. This finding confirms histological and electronic
microscopy data proving that all sclerosant drugs trigger the same type of vein wall lesion.
All branches of medicine currently tend to favour minimally invasive treatment. Also in phlebology, traditional saphenous vein stripping surgery is increasingly being replaced by minimally
invasive techniques, such as sclerofoam.
The multiple benefits of sclerofoam have attracted extreme interest by phlebologists all over the
world. The technique has rapidly spread thanks to its low costs, non-invasiveness, efficacy, safety,
and replicability over time.
Sclerofoam is an outpatient treatment and, as such, does not require the availability of any operation theatres, anaesthetists, and other Day Surgery arrangements. It is totally painless, and the
patient can resume his/her activities immediately after treatment, with no downtime.
This therapy is indicated for treating large and small-calibre varicose veins, with excellent results
both from the aesthetic and functional point of view.
Sclerofoam consists of ultrasound-guided injection of a compact sclerosant drug foam into the
varicose vein to be treated. The foam is obtained by mixing the sclerosant drug (detergent) with air
or, better, with biocompatible gases (CO2 - O2) using two plastic syringes connected by a three-way
stopcock (Tessari Tourbillon technique). The actual innovativeness of this treatment lies in the foam,
which is the vehicle of the sclerosant drug into the vessel. The foam has a higher density than blood
but does not mix with it; it displaces blood inside the vessel, thus allowing the drug, evenly distributed
on the external surface of the foam’s uncountable microbubbles, to act on the vessel’s circumference
at 360°. More prolonged contact of the drug with the vessel’s wall rapidly causes endothelial damage
(endothelitiis) triggering vasospasm, collapse, adherence to the walls of the treated varicose vein and
wall-adherent thrombosis (sclero-induced thrombosis), obviously limited to the stretch of the varicose
vein treated with sclerofoam. The thrombotic process will gradually evolve into a retracting fibrosis
until the total disappearance of the varicose vein, while, in other cases, recanalization occurs at a reduced calibre in the treated varicose vein, with recovery of anterograde flow mainly.
Sclerotherapy with sclerofoam has proved to be an effective, safe, and especially low-cost procedure, which can be performed on a high share of phlebopathic patients. Sclerofoam has proved to
yield excellent results also from the aesthetic point of view, resulting in higher patient satisfaction.
This is extremely important if you consider the high incidence of women (even in the 20-40 age
range) among phlebopathic patients. Therefore, it can be stated that today traditional varicose vein
surgical treatment, especially vein stripping, is to give way to (or even be replaced by) endovascular
techniques such as sclerofoam. Indeed, sclerofoam is minimally invasive, safe and low-cost, all of
which are vital requirements of modern healthcare.
Compression therapy is, therefore, the pillar of sclerotherapy in all its forms, from the simplest
to the most complex and articulated ones. It is widely acknowledged that sclerotherapy and related
techniques are now based on universally recognised principles, such as immediate ambulation, rejection of air bubble, tourniquet and injection in telangiectasias, and several other aspects. However, the debate on compression therapy in the eternal dispute between maximalists and minimalists
- who support the vital role or, on the contrary, the uselessness of this treatment - remains open.
As mentioned before, there have always been two main opposing schools of thought. On one
side, there are maximalists from Fegan’s Irish and Sigg’s Swiss school, who apply systematic (i.e. on
all patients) compression using non-extensible or short-stretch bandages for an extended period (at
least 3-6 weeks, which coincide with average thrombus organisation times), followed by compression via therapeutic elastic stockings. Fegan’s school supporters apply positive eccentric compression
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using pads, short-stretch bandages, and elastic stockings, in order to achieve the highest possible
degree or varicose vein patency. Sigg’s school supports the same notion and stresses the importance
of the cord: strong compression should be replaced by therapeutic elastic stockings only once the
fibrous sclerosis process has transformed the varicose vein into a sort of hard elastic cord. On the
other side, minimalists of Tournay and Wallois’s French School, Stemmer’s Swiss school and Bassi’s
Italian school, seriously questioned the actual need to apply strong compression for extended periods of time, since by treating points of reflux first “from high to low” and from largest to smallest,
it is possible to achieve varicose vein patency, thus diminishing the impact of compression therapy
on the treatment’s final outcome. This divergence of views is also due to the fact that maximalists
aimed at a global treatment, including saphenous openings, while minimalists used sclerotherapy
to treat collateral and reticular varicose veins or after previous saphenous trunk surgery, while the
debate on reticular varicose veins and telangiectasias still remained open. To this regard, studies
carried out by Allen in 1972 proved that to achieve adequate compression of telangiectasias, at least
80 mmHg in orthostatism and 50 mmHg in clinostatism. The French school, in order to support
its thesis, specified that compression is only a valid aid in correcting operators’ (especially inexperienced ones) mistakes such as periphlebitis, pigmentation, matting, etc.
To improve the outcomes of varicose and perforator vein sclerosis, it is vital to decrease their
diameter and reflux by applying constant pressure at rest and at work, so as to prevent veins from
filling with blood from reflux points and from below. Therefore, medium-stretch bandages, combined with targeted eccentric compression and therapeutic elastic stockings, exert the most adequate action, thanks to their physical characteristics. The problem with this type of compression is
that it may need to be taken off at night, since the pressure it exerts is difficult to tolerate at rest.
Constant pressure needs to be exerted on sclerotised varicose veins at all (or almost all) times,
especially during treatment of large calibre varicose veins. Therefore, operators resort to non-extensible or short-stretch bandages to be worn permanently, combined with eccentric compression, to
increase local and at rest pressure on treated venous stretches, followed by the application of condition-specific therapeutic elastic stockings once the venous thrombus triggered by the action of the
sclerosant agent has consolidated itself.
Short-stretch bandages, possibly in combination with therapeutic elastic stockings and eccentric
compression, are certainly an effective aid, especially in case of sclerotherapy of large vessels.
Indications for compression therapy combined with sclerotherapy, however, may vary according
to the physiopathology, calibre, and anatomical position of varicose veins. As widely acknowledged,
there are some critical areas in lower limbs that do not allow optimal compression, such as the
inguinal region and the thigh (especially in case of adiposity). Several strategies can be used (figureof-eight bandaging, phleborolls, compression garments, etc.); however, the shape of the anatomical
region often prevents from exerting effective pressure anyway. Retro malleolar fossas and, in general, the popliteal fossa, are difficult to compress due to their concavity: therefore, it is necessary
to make them convex via appropriate padding, in order to properly bandage the area, e.g. in case
of sclerosis of the saphenopopliteous opening. Feet are equally difficult to treat for the opposite
reason: the alternation of significant convexities and concavities and the support provided by feet
while walking, which results in strong pressure being exerted on the foot’s superficial veins through
paraplantar ones. Varicose vein canyons in sclerotic hypodermosis and indurated edema, as well
as teleangiectasias and reticular veins only respond to compression therapy to a small extent, even
when located in accessible areas. In these cases, compression therapy is only useful in controlling
CVD and limiting dermal inflammatory complications due to overdosing of sclerosant liquid.
The duration and methods of compression vary according to individual specialists and techniques; indeed, some studies show that bandages kept for some hours and those kept for 6 weeks are
equally effective in terms of therapeutic outcomes. Moreover, a significant drop in pressure exerted
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by bandaging has been proved to occur after 6-8 hours from application. Compression combined
with patient mobilisation is, however, justified after varicose vein sclerosis, especially in case of large
varicose veins and on the legs. In any case, compression cannot be standardised, but should be
evaluated according to each individual case. In general, stiff bandaging should be applied with the
help of eccentric compression after treatment of large and medium-calibre varicose veins. After one
week, bandaging should be replaced by a class 1 or 2 therapeutic elastic tutor, also according to patient’s compliance. Recent post-operative stockings (23-32 mmHg at ankle) were designed to exert
more pressure on the thigh (appr. 20 mmHg) than traditional therapeutic stockings, still maintaining a sufficient degree of decreasing pressure along the leg; they may be a good compromise for the
treatment of GSV sclerosis and varicose veins located on the thigh.
In short, compression therapy keeps under control the extension of the thrombus after the endothelial lesion caused by the sclerosant agent, places vein walls close to each other, and helps reduce
periphlebitic reactions, thus improving the treatment’s final outcome. However, we are neither able to
determine the adequate level of pressure, nor to standardise the type of compression (CIF Guidelines).
Certainly, the main tendency is to decrease pressure, although in large varicose veins compression
therapy is crucial, at least until thrombus organisation starts (i.e. at least 7-10 days after therapy).
Mariani’s Italian school recommends using the new compression class 2 post-operative rubber kits
when performing foam sclerotherapy of GSV and anterior accessory saphenous vein. They are to be
worn permanently for the first 7 days, then only during daytime for at least 15 days after the end
of the sclerotherapy sessions. For the small saphenous vein and all varicose veins on the legs (both
perforators and other types), a stiff bandaging should be applied including zinc oxide compression
bandages, for 7 days after treatment, followed by class 1 or 2 knee-length elastic stockings during
daytime for 15 days after the end of the sessions.
The use of elastic stockings after sclerotherapy of reticular varicose veins and telangiectasias is
quite controversial: the pressures required for effective action on small vessels are too high (appr. 80
mmHg). Therefore, the Siena school tends to prescribe a tutor with a compression class adequate
for the venous disease, which may range from normal preventive stockings 18 mmHg to class 1
therapeutic stockings to be worn only at daytime for at least 30 days after sclerotherapy.
Modern notions of compression therapy, combined with sclerotherapy of varicose veins are
based on the need to reduce periphlebitis, hardening, and especially skin discolouration in treated
areas: indeed, today sclerosant treatments are increasingly carried out on varicose veins which, up
until only 10 years ago, were treated only via ablative surgery. Therefore, the actual need to achieve
aesthetically valid results can only be met by applying increasing eccentric compression, with tutors
which allow to preserve the patients’ normal social daily life, with no downtime. This is the reason
why manufacturers of therapeutic elastic stocking at the global level are constantly looking for new
systems combining compression and elegance.
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Compression therapy in diabetic patients

Compression therapy in diabetic patients has always been the object of debate. Diabetic patients
too can be affected by venous ulcers or edema in limbs: whether we can apply compression is still to
be determined. Compression therapy is vital in treating venous insufficiency and phlebostatic ulcers
but is also useful in the treatment of arterial ulcers and diabetic foot ulcers.
The peculiarity of this disease, which is often associated with neuropathy and arteriopathy, calls
for global assessment aimed at underlining limitations to compression; in any case, the widely supported notion of “diabetes” as a contraindication to compression therapy should be abandoned. Compression can be applied via bandaging, elastic-compressive tutors or as mechanical treatment.
Diabetic polyneuropathy (DPN) is present in 66% of type 1 and in 59% of type 2 diabetic
patients. Vascular changes in DPN consist of increased capillary permeability and vasoconstriction,
as well as decreased blood flow causing motor and sensory nerve fibre degeneration. Vascular alterations involve degeneration of the small arteries, arterioles, capillaries, and post-capillary venules (1).
Elastic compression therapy acts especially on the surface, at dermis level; however, the administration of pressure via non-elastic systems allows to transfer pressure to deeper layers. The non-elastic system provides pressure at work and reduces it at rest: therefore, pressure is “administered
intermittently”.
Compression therapy has three main goals:
1) reducing edema
2) reducing venous stasis and increasing blood flow
3) increasing arterial perfusion.
In diabetic patients, sensitivity of ABI falls to 53% due to calcifications increasing wall resistance
to compression. If needed, pressure can be measured at toe, where no calcification occurs. Normally
the toe pressure is approximately 30 mmHg less than the ankle pressure and a TBI (Toe Brachial
Index) > 0.75 is considered normal. With TBI < 0.75 and absolute pressure at toe exceeding 50
mmHg, arterial perfusion is sufficient to allow wound healing (2)
Therefore, it is not true that ABI should not be measured in diabetic patients or is not significant;
however, it should not be the only parameter Increase of arterial perfusion with therapy compression was proved in the 1990s In 1990, Belcaro (3) proved that there had been a significant improvement of microcirculatory
parameters in a control group of patients treated with knee-length elastic stockings.
In 1998, Bowering (4) observed that in a study group treated with multilayered compression,
by eliminating the elastic third layer it became possible to apply multilayered bandaging in diabetic
patients, with improved outcomes in ulcer treatment.
In 2000, while carrying out a study on the application of IPC to the foot, Armstrong (5) stated
that interstitial edema is frequently present, both preoperatively and postoperatively, in patients
affected by diabetic foot and that the resultant increased oncotic pressure in post-capillary venules
impairs delivery of vital nutrients to tissues, thus prolonging the normal wound-healing process.
Therefore, any device increasing post capillary oncotic pressure helps to speed up healing, provided
that peripheral arterial perfusion is sufficient.
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Other important conclusions were drawn thanks to studies on intermittent pneumatic compression (Camerota, 2011). This type of therapy can be compared to non-elastic bandaging, which
determines intermittent pressure peaks during ambulation (6).
IPC:
• has hemodynamic effects, since it reduces venous hypertension mimicking the action of the leg
muscle pumps;
• stimulates fibrinolysis by reducing PAI - 1 and inhibiting Tissue Factor; improves oxygen tension by reducing edema and stagnation of fluids in the subcutaneous layer (it favours oxygen
diffusion in the tissue)
• improves arterial venous pressure gradient (developing pressure differences of 30-40 mmHg) In 2009, the AIUC (Italian Skin Ulcer Association) position paper stated that in case of arteriopathy with ABI between 0.5 and 0.8, a light pressure (< 20 mmHg) can be applied, preferably using
a multilayered, multi-component non-elastic bandaging. In case of mild arteriopathy, an average
pressure between 20 and 40 mmHg can be applied, again, preferably via non-elastic bandaging (7).
In 2012, Mosti, Partsch and Coll., in a study on compression therapy in mixed ulcers, proved
that “non-elastic” compression of up to 40 mm Hg does not impede arterial perfusion in patients
with an ABI >0.5 and an absolute ankle pressure of >60 mmHg (8).
An extensive review on the benefits of compression in the treatment of diabetic foot ulcers is
included in the work published by the “Canadian Agency for Drugs and Technologies in Health” in
2014. Compression can be applied with bandaging, tutors, and IPC devices mimicking the effect
of ambulation.
After careful review of existing literature, the following conclusions were drawn: “The identified
guidelines state that compression therapy combined with standard treatments may offer superior
clinical outcomes for the treatment of diabetic foot ulcers than standard treatment with no compression”. Most studies revolved around intermittent pneumatic pressure (9)Other works have studied the administration of “medium” pressure via either 18-25 mmHg
knee-length elasto-compressive stockings (10) or tube socks, starting from 8 mm Hg and increasing pressure if they are tolerated (11), or 30 mmHg inflatable external devices for 30 minutes (1).
Also in this case, the goal is reducing edema, peripheral resistance and post capillary pressure and
increasing the absorption of vital nutrients.
Therefore, we can state once again that edema impairs perfusion by exerting a mechanical compression which prevents the delivery of vital nutrients for tissue metabolism, thus prolonging the
wound-healing process (12).
Recommendations
Compression therapy is not contraindicated in diabetes. however, it is necessary to consider the
co-existence of microangiopathy, chronic peripheral obliterative arteriopathy, and neuropathy
(especially sensory neuropathy, which alters pain perception Assessment should be both clinical and instrumental. Diabetic patients should always be considered affected by arteriopathy. ABI should be > 0.5 and absolute ankle pressure > 60 mmHg. In selected
cases and if possible, toe pressure, which is approximately 30 mmHg less than the ankle pressure, should be
assessed. ABI should not be the only parameter. Once the necessary assessment has been implemented,
it is possible to determine the amount of therapeutic pressure and how to apply it (continuous with elastic
tutors, intermittent with non-elastic tutors or bandaging, or IPC) Compression therapy should always be applied while monitoring the Patient, at least in its initial phases. Clinical conditions should be considered, together with instrumental parameters.
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Compression Therapy and Wound Healing

Introduction
The Consensus Document is aimed at reviewing different modes of application of compression
therapy for the management of vascular ulcers in lower limbs and assess their effectiveness, based on
evidence collected in recent scientific publications, clinical and experimental studies.
As a consequence of the progressive increase in age of the world’s population, the demand for
healthcare resources has also increased. Technological progress and medical scientific research have
led to an increase in patients’ life expectancy and, subsequently, to a prevalence of long-term chronic conditions. Many of them are cardiovascular conditions which result in ulcerative complications
in lower limbs.
An English model of healthcare-related forecasts has indicated an annual 1-2% increase in the
demand of monetary resources for the treatment of lower limb ulcers. It has been forecast that in
2019 the annual cost of the provision of healthcare services for treatment of ulcers might increase
by more than £ 200 m (estimated based on UK prices in 2012/13) over 2014 [Dowset C. JWC
Nov. 2014). Moreover, it should be pointed out that chronic ulcerative complications significantly
impact the patients’ quality of life: patients become increasingly socially isolated, especially due to
pain [Price P Flanagen ed 2013].
In Europe, most patients (79%) with chronic lesions are managed at the local level [Possnet
J JWC 2009]; the assessment of the patient affected by vascular ulcers requires multiple clinical
skills and knowledge, so as to ensure accurate diagnosis and implementation of an adequate and
appropriate therapeutic approach. The process is based on careful clinical assessment of patients
and lesions, in order to identify their peculiarities and characteristics, their causes and underlying
conditions which may slow down the healing process. All this allows us to identify specific systemic
and topical treatments, to be combined with the other key factor for healing, that is, compression
therapy, for the entire duration of treatment.
Today, thanks to several scientific studies (some with high-level evidence) the importance
of compression therapy in lower limb ulcer treatment is universally recognised [Partsch H Vasa
2004-Phlebology 2006] [O’Meara S Cochrane 2012]. Compression has proved effective in treating
a wide range of vascular ulcers and is certainly a cornerstone in the treatment of ulcerative complications of conditions generated by venous and lymphatic insufficiency.
Venous ulcers in lower limbs (VLU, Venous Leg Ulcers), which make up most of vascular skin
lesions, pose significant challenges both to patients and healthcare systems: indeed, they are expensive both for patients and for the healthcare economy. Approximately 1% of population in
the Western world will suffer from a VLU during their life. Patients report that being affected
by a VLU has a negative impact on all aspects of daily life and may cause depression, anxiety,
pain, and limited mobility [Green J JWC 2014]. In spite of guidelines on clinical best practices,
average healing rates for patients with VLU range from 45% and 70% at six months, and several
patients are not administered the gold standard compression therapy during treatment [Harding
K Wounds Int. 2015).
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From hemodynamics to inflammation to ulcers
ambulatory venous hypertension in patients affected by superficial and deep venous insufficiency, valvular incompetence, venous reflux, and venous obstruction (of thrombotic nature) are
hemodynamic alterations which are crucial in the onset and progression of venous ulcerative complications. Chronic venous hypertension and, in the case of post-thrombotic syndrome, deep hypertension, via the alteration of blood flow (shear stress) promotes the removal of the glycocalyx
protective layer (composed of GAG glycosaminoglycans), the activation of endothelial cells, the
inducing of transcellular endothelial openings in the venous wall, leading to increased permeability
and subsequent extravasation of erythrocyte and leukocytes [Ligi D. Biochim Biophys Acta 2016].
These events, in their turn, involve several types of inflammatory cells, such as macrophages, which, due to the absence of GAGs glycocalyx, accumulate and activate in the dermal interstice. Moreover, the leukocitary-endothelial activation results in the release of several cytokynes,
chemokynes, GFs and proteases, such as MMP-9. Such chronicised inflammatory and proteolytic
cascade leads to modifications of dermal composition, thus triggering alterations such as stasis edema, ochre dermatitis, lipodermatosclerosis, Miller’s white atrophy, and ulcerative lesion [Raffetto
JD Thromb Research 2009].
Dermal tissue fibrosis (lipodermatosclerosis) is associated with increased gene expression of
growth factor TGF- beta (1) (Transforming Growth Factor) [Pappas PJ JVS 1999]; the loss of tissue
elasticity caused by fibrosis may cause reduced skin perfusion and, subsequently, ulceration [Chant
A Ann R Coll Surg Engl 1999]. Moreover, capillary thrombosis also contributes to tissue necrosis.
Significant evidence collected by research groups shows that dermal fibroblasts in non-healed
VLU (extended and long-lasting ulcers) have acquired an abnormal phenotype that does not contribute to proper wound healing [Wall IB J Invest Dermatol 2008]. Reduced cell growth in cell
culture and other cell senescence characteristics were observed in samples of non-healed VLU fibroblasts, unlike in normal skin fibroblast collected in the same patients in areas not affected by
skin lesions [Stanley A JVS 2001]. The mechanism of cellular ageing, which is responsible for the
dysfunctional wound-healing phenotype, is associated to high levels of oxidative stress and is telomere-independent [Eming SA Sci Trasl Med 2014]. Besides, the migration function of keratynocites is impaired and unable to repair the epidermal tissue [Pastar I Adv Skin Wound Care 2014].
Reduced local angiogenesis can be observed on the edges of the VLU lesions, as a consequence
of the persistent inflammatory process and tissue-destruction. In its turn, this implies increased
degradation of growth factors, including the proangiogenic one, such as the vascular-endothelial
growth factor. The impairment of the local and systemic stem cell recruiting process may also play
a role in delaying VLU healing.
Effects of compression therapy on the microvascular tissue unit
compression speeds up blood flow at microcirculation level, allowing to ameliorate inflammation and favouring the detachment of leukocytes from the endothelium, thus preventing further
adhesion [Abu-Own A JVS 1994]. Compression also allows to reduce capillary filtering and favours
re-absorption thanks to increased tissue pressure. In areas affected by lipodermatosclerosis with reduced skin perfusion due to the tension caused by high tissue pressure [Chant A Ann R Coll Surg
Engl 1999], compression can increase the relevant gradient and favour blood circulation, softening
the skin.
Both the immediate pain relief due to effective compression therapy and the advancement of the
ulcerative lesions’ healing process can be explained by the ameliorating effects on mediators par142

ticipating in the local inflammatory cascade. It has been recently proved that compression can decrease the levels of vascular-endothelial growth factor and tumor necrosis factor (alpha) in patients
affected by venous ulcers; the reduction in serum cytokine levels is associated with the ulcer-healing
process [Murphy MA Eur J Endovasc Surg 2002]. The effects of compression on tissutal damage
triggered by free radicals (including nitrogen oxide) are to be further investigated [Dai G Am J
Physiol Heart Circ Physiol 2002].
In recent years there have been new findings concerning the effects of compression therapy on
microcirculation and molecular biochemistry in the pathogenesis of inflammation [Chen WYJ
Wound Rep Regen 2007] and ulcerative complications; however, the topic requires further investigation [Beidelr SK WRR 2008; JVS 2009]
The application of external compression as an actual therapeutic option, therefore, triggers several physiological and biochemical beneficial effects on the venous, arterial, and lymphatic circulation systems. By using the correct material and application techniques and applying an amount of
pressure which does not impair arterial circulation, compression therapy can contribute to highly
satisfactory results, reducing inflammation, edema and pain, thus favouring the healing of vascular
ulcers, especially venous ones.
Scientific evidence in vascular ulcers
the effectiveness of compression therapy in the management and healing of chronic venous
ulcers has been clearly proved by several randomised and controlled studies and summarised in
reviews and metanalysis [O’Meara S. et al Cochrane 2012]. The most relevant primary end points
of these studies are: the time required for lesion healing and the percentage of ulcers healed during
the observation period.
Usually, in clinical studies the venous origin of ulcers in enrolled patients is not based on clear
identification and staging of the venous physiopathology, but rather on the exclusion of concomitant arterial diseases. As a consequence, the outcomes of these randomised studies frequently do not
reflect the actual sample of patients affected by vascular ulcers.
Another important aspect (which is common to nearly all investigations) should be pointed out:
the ability of the operator and the actual dosing of the interface pressure exerted by tested devices
are hardly ever taken into consideration; as a consequence, adequate compression systems are often
compared to weak and improperly applied materials.
A recent Cochrane review gives a more complete overview of randomised and controlled studies on compression therapy in venous leg ulcers and draws the following conclusions [O’Meara S.
Cochrane 2012]:
1) compression increases the ulcer healing rate over no compression
2) multi-component systems are more effective than those based on a single component
3) multi-component systems containing an elastic part (layer) seem to be more effective than those
mainly consisting of non-elastic components.
4) the functioning of two-component bandaging systems is similar to the functioning of four-layer
systems
5) patients receiving a four-layered bandaging heal more quickly than those receiving short-stretch
bandaging
6) patients treated with high-compression stockings heal better than those treated with short-stretch
bandaging (SSB). However, further data are required to determine the difference between high
compression elastic tutors and 4-layer bandaging systems.
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Discussion:
Authors point out that the different effects of different types of bandaging are partially due to
the skilfulness and experience of healthcare operators.
The 4-layer bandaging is a multicomponent system consisting of bandages of different materials
and stretch applied on several layers - consequently, they exert increased interface pressure than
single-component systems. Such compound bandages create a stiff system even when individual
components are elastic [Partsch H. Derm. Surg 2008] and the exerted pressure is kept constant over
time, even when the limb volume decreases due to reduction of the edema.
Two-component short-stretch bandages have proved effective, especially when the outer layer
is made of adhesive materials. Such systems provide a less voluminous alternative, thus improving
ankle mobility and speeding up the ulcer healing process [Mosti G. Wounds 2011]. The stiffness of
these kinds of bandages is similar to the one of short-stretch materials.
However, by superposing the two tutors it is possible to achieve an interface pressure exceeding 40
mmHg; These tutors have been especially designed for this use and have proven to be much easier to
wear than one high compression stockings [Willenberg T. EJVES 2010], generally not well tolerated
by the patient. Nonetheless, they can be an effective alternative if ulcers are not too extended and
exuding. Doubtlessly, they are the best option in the prevention of recurring ulcers, especially venous
ones [Nelson E Cochrane 2014; Milic DJ et al. J Vasc Surg Venous Lymphat Disord. 2015).
Treatment of leg ulcer by specialized compression stockings
The short stretch or multilayer bandages represent an ideal in terms of pressure and stiﬀness. Specialized stockings kits have been used with similar or even better results than bandages. Horakova and
Partsch for the first time in 1994 proposed antiembolic stocking plus MCS class 2 to heal venous ulcers of small size. Compression stockings which are not operator dependant could be the best option
because of their pressure control. However 30-40mmHg compression stockings are often hard to put
on. Putting two lower pressure compression stockings over each other could be a good therapeutic
alternative. The superposition of two stockings results in an increase of the interface pressure, it can be
can be equal or inferior to the sum that each stocking induces separately, and also the stiffness increases
with numerical values close to that of the short stretch bandages. The trials show the efficacy of the
kits with the superposition of 2 stockings: an understocking of about 18 mmHg at the ankle is worn
constantly over the dressing, and a MCS class 2 (23-32 mmHg at the ankle) during the day. Superimposing elastic stockings results in effective compression (40-50 mmHg at the ankle) with working
pressures that are higher compared with a single stocking and very effective to heal venous ulcers,
while the “donning pressure” remains reasonable equivalent to a class 2 MCS. The superposition results in a different hysteresis-curve from the liner and 2nd class stockings: the yellow curve represents
the theoretical sum of the under and over-stocking within the range of the ankle circumference of 2326 cm. The effective pressure (in-situ measured) differs a little bit from the theoretical one due to the
way the MCS is donned by the user, to the morphology of the leg and to the friction factor between
the stockings. Friction forces of the stockings need to be taken into account to explain the different
pressure and the SSI shown by the kits in vitro and in vivo. The friction index should be =1 to have the
same pressure of the stockings in vitro and in vivo, but the higher the friction index the greater it will
be the difficulty to wear the kit. The other advantage of the stockings kits is the poor loss of pressure
in time, for the stockings it is about 6% a day, compared with about 50% of the bandage.
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After the Horakova and Partsch study a multicentre randomized trial (Mariani F et al. Phlebologie. 2008) showed a clear benefit of the stockings kit as compared with short stretch or multilayer
bandages. The sum of problems encountered was greater with bandages than with stockings. Pain
was markedly stronger when bandages were applied and removed than when the stockings were
donned and taken off. Pain during walking was also more intense with bandages. Discomfort
during the night and in the morning was absent with the stockings kit, which was not the case with
bandages. Hindrance of normal activities was more pronounced with bandages. Pain and daytime
discomfort was associated with older age, while younger age was strongly correlated with inhibition
of activities. Wound healing was achieved in 96% with the kit and in 70% with bandages for ulcers
with maximum diameter of 8 cm.
The use of the kit was not associated with an overall time reduction of the time to healing or
fewer visits, but with prolonged intervals between visits. A significant correlation was identified
between the size of the ulcer and the time to healing. Ulcers of less than about 4 cm diameter
healed twice as rapidly with the kit as with bandages while the time to healing of larger ulcers was
similar with either treatment. In search of an optimal compression therapy for venous leg ulcer
systematic reviews and meta analysis was performed of RCT comparing compression systems
based on MCS with divers bandage. The proportion of ulcers healed was greater with stockings
than with bandages - 64.9% vs 46.5% - in 12-78 week. Compared with bandages leg compression with stockings yields a higher rate of healing and relieve of pain and is easier to use, but
obviously healing and healing time are dependent upon the size of the ulcer. The use of the kit is
not prevented by moderate exudation, pain or edema, but it is important to choose an appropriate ulcer’s dressing under the stockings. The principal contraindications are: large and indurated
edema, acute dermatitis and acute lipodermatosclerosis, large exudative ulcers, restricted ankle
movements, deformities of the leg.
Trial data from Ashby RL. et al. (The Lancet 2014) VenUS IV (457 participants were recruited
in a open, randomised controlled trial with two parallel groups in 34 centres in England and Northern Ireland) found no evidence of a difference in venous ulcer healing between the stocking kit and
the four layer bandage. The kit may reduce ulcer recurrence rates compared with the bandage and
be a cost-effective treatment. However, a higher rate of treatment changes in participants in the
hosiery group than in the bandage group suggests that hosiery might not be suitable for all patients.
The kit had the highest probability of being clinically cost-effective.
The stockings kit present some advantages and disvantages, but it seems to be the most cost-effective than all type of bandages. However, the stockings cannot be suitable for all patients.
The conclusions of the study of Mauck KF et al. (J Vasc Surg, 2014) confirmed the results of the
previuos trials: venous ulcers heal more quickly and patients have less pain and a better quality of
life with compression stockings systems than the bandage
The underpinning evidence to use stocking kits to improve VLU healing and to reduce pain
in patients with VLU is very strong: 1A in the last evidence based consensus statement by Rabe
et al. (Indications for medical compression stockings in venous and lymphatic disorders: An evidence-based consensus statement. Phlebology 2017)
The ideal compression level to achieve ulcer healing is still widely debated. According to the
analysis of the Cochrane data, higher pressure is more effective than lower pressure and multi-component bandaging is to be preferred, based on a randomised controlled study comparing three types
of compression levels [Milic DJ JVS 2010].
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Clinical indications in vascular ulcers
Venous ulcers:
High-stiffness non-elastic compressive bandaging has clearly proven to be a safe and highly effective therapy for most patients affected by VLU. Indeed, they have a superior hemodynamic effect
which allows to achieve higher working pressures (more effective in contrasting orthostatic hypertension in venous insufficiency) starting from a lower pressure at rest, thus increasing the patient’s
comfort. The better hemodynamic effect seems to be connected not only to higher orthostatic
pressure, but also to the intrinsic characteristics of non-elastic materials, which generate increased
difference between pressure at rest and orthostatic or working pressure (massage effect) [Mosti G.
Phlebology 2008]. It is probably due this improved hemodynamic effect that the best results in the
treatment of venous ulcers have been reported with non-elastic, multilayered, multi-component,
high-pressure bandaging. As mentioned before, when treating scarcely exuding and not very extended ulcers, especially designed systems or kits with elastic tutors, exerting a 40-mmHg orthostatic pressure, have proved effective.
Recent scientific studies on adjustable, short-stretch devices in Velcro have proved effective in reducing venous edema [Mosti G-Caprini JA EJVES 2015] and treating venous ulcers [NICE 2015}.
These non-elastic compression tutors consist of adjustable Velcro bands that exert a therapeutic
compression of 20, 30, 40, 50 mmhg at ankle, thanks to a patented system; therefore, they can be
a smart alternative [Damstra Rj JVS 2013], which can be easily managed by the patient himself.
As previously analysed, compression systems based on specifically designed double elastic tutors
can prove effective in managing scarcely exuding and not very extended ulcers.
Finally, in order to avoid recurring ulcers, the use of elastic tutors in high-stiffness materials is
recommended; besides, the degree of compression should be adequate to the (deep and/or superficial) venous disease and tolerable for the patient [Nelson EA Chocrane 2014].
Available data on the effectiveness of intermittent pneumatic pressure (IPC) to this regard is too
scarce. Theoretically, effects of pneumatic compression can be positive in immobilised patients with
chronic ulcers.
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Mixed ulcers (Venous and Arterial):
Arterial perfusion is to be assessed via palpation of the ankles and CW Doppler, measuring the
ankle-brachial pressure index (ABPI). Patients with ABPI>0.8 can usually tolerate high compression as described above. If ABPI is between 0.5 and 0.8, bandaging can be applied exclusively by
extremely experienced healthcare operators and adopting the necessary precautions.
A significant improvement of arterial blood flow and venous pumping function has recently
been found with the application of non-elastic stiff bandages with pressure not exceeding 40mmHg
in patients with mixed arterial-venous ulcers [Mosti G. JVS 2012]. This is in line with previous
scientific studies in which this type of modified compression was applied in healthy individuals
[Mayrovitz HN Int. Ang. 2010). These results seem to question the understanding of compression
as absolutely contraindicated in all patients with arterial occlusive disease. For this reason, several
patients affected by vascular ulcers with ABPI<0.8 are excluded from studies on ulcer healing.
When applying the so called reduced pressure “modified bandaging” to this category of patients
affected by mixed vascular ulcers, it is vital that tendon and bony prominences of the leg are accurately assessed and protected with pads or other soft material such as wadding (cotton-wool). The
state and thickness of the cutis are to be carefully assessed and controlled, in order to monitor any
pressure-induced lesions at every bandage change, which is to be scheduled at shorter intervals in
these patients. This precaution is particularly important in legs with sensory deficit, e.g. due to
diabetic neuropathy.
Bandaging with elastic material is to be avoided, especially in arteropathic patients, since pressure exerted at rest can be too high to be tolerated and reduce arterial flow when the patient is in
the clinostatic position.
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Arterial Ulcers:
In any case, pressure exerted by bandages should not excess arterial pressure. Bandaging should
be performed as described in the previous chapter with an ABPI between 0.5 and 0.8. When the
ABPI <0.5, you should refrain from applying bandages and refer the patient to a specialist for surgical vascular evaluation. If the patient is affected by severe obliterating arterial disease and cannot
be subjected to peripheral revascularization, intermittent pneumatic compression (IPC) may be indicated. IPC has proved effective not only in patients with a normal arterial flow, but also in critical
arteriopathic patients and it should be taken into consideration to increase arterial flow [Kavros SJ
JVS 2008]. According to published studies, IPC has allowed to achieve convincing results also in
patients with peripheral arterial obliterating disease, with no venous component, and in patients
affected by critical limb ischaemia [Labropoulos N Vasc Med 2002].

Lymphatic Ulcers:
It is vital to carry out a correct and careful diagnosis of lymphoedema (primary or secondary)
and correct staging of the disease. Ulcerative complications may occur in advanced stages of lymphoedema; they are extremely painful and heavily exuding and may cause wound infection.
It is therefore recommended to apply non-elastic, multilayered, multi-component, and high-pressure bandaging. It is important to frequently change bandages, especially in the first phases of treatment, since bandages tend to quickly lose their effectiveness due to substantial reduction of edema.
During bandaging, it is vital to pay attention to the altered conformation of the limb, which is very
different from the original one, filling depressions and adding additional protection especially in
areas subjected to high pressure (Achilles tendon and pretibial area, dorsum of the foot), in order to
apply even pressure and prevent the collapsing of bandages into deep cutaneous folds.
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Conclusions
In patients affected by VLU, interface pressure peaks on the leg (Working Pressure) exceeding
50-60 mmHg while walking, help reduce venous reflux and enhance venous pumping. This can be
achieved using stiff compression materials, such as multilayered, multicomponent, high-stiffness
bandaging, especially materials containing adhesive components or zinc oxide bandages.
This type of compression helps achieve high stiffness of the system, characterised by a pressure
at rest which is well tolerated by the patient and by high pressure peaks while walking (Working
Pressure), making the system extremely effective. To achieve this goal and avoid complications, this
kind of system is to be applied by well-trained healthcare professionals with consolidated experience.
Today, there are large amounts of patients suffering from mixed ulcers in lower limbs. In those
affected by arterial occlusive disease with ABPI between 0.5 and 0.8, compression therapy is to
be modified, under careful supervision of qualified medical staff, using stiff material to be applied
with a limited amount of pressure (not exceeding 40 mmHg), so as to increase both arterial and
micro-circulation flow and improve pumping in the venous and lymphatic circulation systems.
Adjustable, short-stretch compression systems in Velcro can be a good therapeutic alternative;
among other things, they can be easily managed by the patient and ensure good compliance. Specifically designed double elastic tutors can prove effective in managing scarcely exuding and not
very extended ulcers.
In conclusion, today’s approach to the treatment of vascular ulcers of lower limbs is based on
the innovative principle of Wound Care. This does not mean that only the wound itself should be
taken care of; this approach consists of planning multiple therapeutic procedures aimed at healing
this chronic and debilitating condition. A vascular surgery approach can be used to correct stasis or
blood flow deficit to the limb, followed by supporting medical therapy, with the aim of contrasting
the patient’s underlying condition and preventing possible complications connected to chronic
ulcers. Finally, it is vital to implement correct compression therapy which is appropriate to the
specific clinical case, to be applied by well-qualified and experienced healthcare professionals and
combined with physical and physiotherapeutic rehabilitation exercises.
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Compression therapy and lymphedema

Compression therapy is certainly a cornerstone of the compound and combined therapeutic approach to lymphatic circulation diseases.
Definition: lymphedemas are those edemas (frequently with a high interstitial protein concentration) triggered by diminished lymphatic transport capacity, both congenital and acquired.
Due to the frequently multi-factor nature of the pathogenesis, it is useful to consider lymphedemas in their broader sense, in order not to neglect the need to carry out accurate disease staging and
to look for any associated co-morbidity.
In order to correctly understand lymphedema treatment, besides considering several approaches
(pharmacologic therapy, physical therapy and surgery), it is necessary to schedule each therapeutic
action according to a specific plan. Lymphologists usually divide treatment into a first “attack”
phase (Intensive Phase - ISL) and a second “maintenance” phase (Maintenance Phase - ISL). We
will see which tools for each of these two phases are the best.
Compression therapy in Lymphology can be divided in at least 4 important subsections:
1)
2)
3)
4)

manual lymph drainage
mechanical lymph drainage
functional elastic bandaging
functional elastic devices (tutors and stockings).

Manual lymph drainage
It is mainly performed according to traditional methods designed by North European schools.
Manual lymph drainage techniques are extremely complex and should only be performed by
experienced and specifically trained professionals (accredited centres).
Based on the specific case, different manual lymph drainage techniques may be combined; the
most experienced therapists often customize treatment to adjust it to the patient’s specific characteristics.
In order to perform the selected technique in the best possible way and reduce the duration and
costs of treatment, a careful and detailed diagnostic work-up is vital in the initial stage of treatment.
Ultrasound scanning, lymph scintigraphy, magnetic resonance lymphangiography and Lymphochromic tests allow to see the functional discharge points and prove useful in guiding the therapist.
Except some specific cases, manual lymph drainage should never be performed on its own, but
always in combination with other treatments or devices (bandaging, mechanical lymph drainage,
functional elastic tutor). This is not due to lack of effectiveness, but to limited durability of the
treatment’s results over time. If the right maintenance devices (such as stockings or tutors) are not
applied, the positive results of manual lymph drainage may vanish very rapidly, since lymph is produced on a daily basis.
Manual lymph drainage can be used both in the initial Intensive Phase and in the Maintenance
Phase.
When performed by experienced professionals, manual drainage hardly ever causes damage to
lymphatic and lymph node structures. For this and other reasons, manual lymph drainage is considered a safe or very low-risk treatment (to be avoided during episodes of lymphangitis)
153

The frequency of manual lymph drainage varies according to each individual patient. For this
reason, an accurate diagnostic work-up is absolutely vital (also to reduce costs) and should be
managed by a medical professional extremely experienced in lymph circulation diseases (Clinical
Lymphologist).
Mechanical lymph drainage
Mechanical lymph drainage (often erroneously called “Pressotherapy”) is divided into two categories according to the type of pressure exerted by the device: even compression and/or peristaltic
gradient sequential compression. Today, in the light of the results achieved and improved technology, even compression devices are considered obsolete, and specialised centres only use devices with
peristaltic and disto-proximal sequencing functions.
The larger the number of sectors in the leg/arm sleeves, the higher the therapeutic precision and
effectiveness of the device (the best devices usually have at least 8-12 programmable sectors)
For this type of technique, combined therapy is absolutely vital.
Mechanical lymph drainage, when not performed in combination with other therapeutic devices (manual lymph drainage, bandaging and tutors) or poorly performed (for example, by applying
excessive pressure) may even lead to a worsening of the patient’s clinical outlook.
Therefore, the amount of pressure for each individual sector should be determined and calibrated by a specialised and experienced doctor.
Severe arteriopathies and edemas associated with acute decompensated heart failure (ADHF)
and signs of acute sepsis in the interested limb might be an absolute contraindication to mechanical drainage (for example, in the acute phase of decompensation, the increase of cardiac preload
triggered by inaccurate use of the device may contribute to worsen the systemic clinical outlook).
Therefore, accurate diagnostic work-up should be carried out in order to investigate (especially in
elderly patients) any co-morbidity which may have contributed to the genesis of peripheral edemas.
According to scientific literature, one of the most common and effective therapeutic plans for a
mechanical lymph drainage session consists of: performing complete manual lymph drainage (including proximal lymph node areas); performing mechanical drainage by applying pressure (preferably peristaltic-sequential) determined according to the clinical stage of the disease; applying an
elastic tutor (stockings, arm sleeves) or, even better, an especially designed multicomponent bandaging system fashioned at the end of the lymph drainage.
Recent studies have proved the effectiveness of mechanical lymph drainage in combined wound
care treatment in patients affected by ulcers with a lymphostatic component. This approach may,
therefore, be a further therapeutic option.
Mechanical lymph drainage is very easy to perform and adjust and may prove very useful for
home treatment. In some selected cases, the use of special devices should be prescribed.
Indeed, there are other types of mechanical devices for the treatment of lymphatic insufficiency.
However, these devices (supplemented with specific components and special probes) are designed
to simulate the effects of manual lymph drainage, rather than working as the peristaltic devices
described above. The topic should be further investigated.
Functional Elastic Bandaging
The most common type of elastic compression bandaging for treating lymphatic conditions is
multi-component short-stretch high-stiffness bandaging. Several types of bandages are superimposed to achieve compound therapeutic effectiveness.
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This kind of device is vital in the initial parts of the treatment (where volume greatly varies according to the patient’s response to therapy), but it is also used in the acute phases of erysipeloid
lymphangitis, ulcers, and trauma.
Its effectiveness is due to the combination of the characteristics and specificities of different
materials. From the physical point of view, the material should have “short extensibility” (shortstretch) and a high Static Stiffness Index (SSI), allowing to achieve low pressure at rest and high
pressure at work (better compliance and effectiveness over time).
These systems should only be fashioned by experienced and specifically trained staff.
The description of the physical basis, the materials, and the techniques of bandaging has already
been thoroughly described in previous sections. Therefore, as far as lymphatic diseases are concerned, it is necessary to underline two characteristics of lymphologic bandaging which make it different from other kinds of bandaging: firstly, pressure and tension exerted by the operator should be
significantly higher in patients affected by lymphedema (as is also the case with elastic compression
tutors) than in patients being treated for venous diseases with reduced edema. Secondly, due to the
extreme variability and significant differences in the volume of limbs affected by chronic lymphatic
stasis, it is hard to describe in an accurate and standardised way how to perform this bandaging,
which, however, can be fashioned in a versatile way and adjusted to each individual case. To this
aim, specific garments (in latex or cotton) are frequently used, which make it possible to achieve
even surfaces in the treated areas according to the La Place law (pressure can only be measured on an
even circumference). In the acute phases of the disease or in elephantiac limbs, bandaging is often
the only effective maintenance therapeutic device, since elastic compression applied using stockings
and tutors is rarely a viable option.
The amount of exerted pressure, indeed, depends on the traction performed by the operator, the
number of layers, the elasticity of the bandage, the tissue stiffness and the width of the bandage. It
is also inversely proportional to the surface curving radius.
For the reasons listed above, it is recommended to even out the surface of the limb as much as
possible (thus filling all and any depressions), in order to exert minimal traction and increase the
superimposition of multicomponent layers and choosing bandages whose width exceeds 8-10 cm,
so as to achieve a high SSI to obtain high working pressures instead of minimal pressure at rest.
The ideal multicomponent bandaging includes zinc oxide or alginate bandages (with a eutrophic action on the skin, which is often extremely prone to lesions), with the superimposition of soft
bandages (German cotton or specific foam) and, finally, short-stretch bandages, supporting the
whole system.
Several bandaging kits with the characteristics described above are currently available on the market.
In lymphangitis (cellulitis where secondary lymphostasis-induced immunodeficiency has played
a vital role in the pathogenesis of the sepsis), multicomponent bandaging with zinc oxide or other
medicated bandages is vital in treating the acute phase of the disease. In order to avoid relapse, in
this type of patients it is necessary to contrast the lymphatic primum movens (this type of lymph
drainage approach is the only one tolerated by patients during the acute phase). In this specific case,
bandaging should be performed by experienced professionals
Recent studies have confirmed the need for long and accurate training and constant re-training
(constant training leads to better results)
Self-bandaging techniques are undoubtedly useful in maintenance treatment of lymphedemas;
however, patients need to undergo an extremely long training by qualified instructors and master
the bandaging technique following specific teaching. Patients’ compliance needs to be very high
and it often takes several months to achieve proper management of the tools.
It should be combined with muscular activity, since the bandaging’s potential is expressed during
physical exercise (work pressure)
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Elastic compression tutors (e.g. sleeves, stockings, etc.)
In Lymphology, they are unquestionably the pillar of the disease maintenance phase of the disease. If they are used too early in treatment, they might not be tolerated by patients because acceptable compensation has not been achieved yet.
Several types of differentiated stockings in thousands of standard sizes and custom-made models
are now available on the market. Therefore, it is possible to meet all and any therapeutic needs and
treat all kinds of patients.
Most patients having achieved good lymphatic compensation (with appropriate combined treatment) can wear compression class 2a tutors in flat or circular knits. However, it is not unusual to use
higher pressure classes such as 3a (34-46 mmHg) and 4a (> 49 mmHg) (see RAL.)
Custom-made elastic tutors are often indicated when the limb subjected to appropriate combined treatment does not fit the standards of marketed products.
However, prescribing standard tutors, once the therapeutic outcome has restored acceptable
limb conditions, allows to reduce costs and improve the patient’s compliance during maintenance.
If the patient does not tolerate the functional elastic device, three factors should be always accurately considered:
- Incorrect or incomplete diagnosis—> it is necessary to carry out accurate patient evaluation in
order to identify all clinical aspects and/or co-morbidity.
- Incorrect device (erroneous type of tutor, tissue, stiffness, size, etc.) —> all parameters should be
re-evaluated by a specifically trained expert for each aspect of prescription
- Maintenance phase started too early. —> The patient needs further treatment and therapies to
achieve ideal lymphatic compensation allowing to tolerate the elastic functional tutor.
On average, in lymphostatic diseases, pressure parameters are higher than in diseases with prevailing venous component (as in functional elastic bandaging).
Flat knit stockings usually have a higher stiffness; however, from the mechanical and physical
point of view, focusing only on the design of the tutor and/or elastic stocking would be simplistic
and even misleading when assessing therapeutic effectiveness. The manufacturing of flat stockings
started before the production of circular ones; this evolution was brought about by the need to
provide more flexibility and comfort. No study has actually proved that one knit is superior to
the other because the terms of comparison were erroneously assessed. As already mentioned, upon
prescription it is important to consider the adoption of a high-SSI tutor for lymphedemas which
exerts high working pressure and reduced at rest pressure. A scientific comparison of tutors with
different knits but a similar SSI should be carried out, in order to clarify doubts which often arise
in this regard.
Similarly, no stocking can be generically defined “better” than another: the device effectiveness
can only be determined based on the patient’s activities. As is the case with normal shoes, a patient
can use different types of tutors in different moments and different contexts.
An elderly person ambulating mainly at home might be prescribed only one type of stocking, in
the same way as he/she may use mainly one type of shoe during the day. A young -or, anyway, active
person - should use different functional elastic, tutors adapting them to his/her needs. Thanks to a
variety of manufacturing procedures, a wide range of tutors is available, regardless of compression
class: for example, high-stiffness tutors for patients having to stand for a long time at work, stockings allowing even subjects affected by a disease to practise sports, etc.
Therefore, it is true that each disease has its tutor, but it is also necessary to adjust each tutor
to each moment of the patient’s day. An accurate prescription also takes into consideration the
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environment where the subject lives and works (it goes without saying that a bank employee and a
construction worker, even with a similar overall clinical picture, may need very different functional
devices).
Patient’s compliance might be significantly affected by not prescribing different kinds of stockings. Indeed, the patient may decide not to wear them during certain moments of the day, thus
reducing the chances of achieving circulatory compensation.
Some tutors are specifically designed to be worn at night and manufactured according to
different principles (e.g. lower compression class and dotted tissue interface to allow tissue micro-massage). These devices may be a further therapeutic option; however, we think that further
studies are needed to compare results in a wide range of cases, after accurate staging of the involved patients.
Some models of tutors adjustable “on demand” are available. In these tutors, some individual
elements can be adjusted; they can be useful if it is impossible to perform adequate bandaging. Although these models were designed to be self-managed by the patient, the amounts of pressure to be
exerted on individual anatomical areas of the limb interested by lymphedema should be determined
by the prescribing doctor. Exerting the wrong amount of pressure on a certain area might cause
damage and worsen the patient’s clinical conditions.
Finally, it is necessary to state once again that both lymph drainage and elastic compressive
devices are complementary elements of the same therapeutic programme: their combination helps
achieving better results which last over time. Therefore, it must be pointed out that for appropriate
and careful use of the resources made available by complex decongestive physiotherapy, it is necessary to arrange strict therapeutic coordination of the lymphoangiology experts’ team.
Lymphatic Ulcers
As for ulcers on limbs affected by Lymphedema are concerned, it is vital to treat the underlying
lymphostatic disease at the same time as applying traditional wound care, especially with the help
of functional bandaging and with stocking kits specifically designed for this aim. As in cellulitis in
limbs affected by lymph edemas (lymphangitis), the primum movens connected to lymph stasis and
closely related local immunodeficiency significantly slows down wound healing and favours septic
complications. In all “non-healing” wounds, it is necessary to determine any lymphostasis (for example, via ETG of supra-fascia soft tissues, a lymph scintigraphy or a indocyanine green lymphography), in order to treat it properly, with adequate compression therapy.
Recommendations.
Compression therapy is a cornerstone in the treatment of peripheral lymphatic system diseases
with grade A evidence according to EBM.
Treatment is much faster and more effective when an in-depth, accurate initial diagnostic workup has been carried out. Identifying critical areas in circulation and collateral circulation allows to
maximise the therapeutic effect of treatment and to cut costs.
Compression therapy in lymphology consists of several elements: manual lymph drainage, mechanical lymph drainage, functional elastic bandaging, elastic compressive devices (stockings and
tutors), to be carefully combined and adjusted to each individual case, according to in-depth diagnostic work-up. The approaches are totally complementary and do not replace each other; they
should be applied according to a specific schedule, in order to prevent treatment failure.
In lymph circulation diseases, treatment is divided into a first “attack” phase (Intensive Phase),
whose duration varies according to each individual case, and a maintenance phase. In both phases,
the adopted approaches can be combined with the compression strategies described above.
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In advanced stages of the disease or when acute complications - such as lymphangitis or trophic
lesions - occur, bandaging is still
The essential condition for the success of the “compression therapy” and the compound physical
protocol is the availability of specifically trained doctors, nurses and physiotherapists, specialised in
these therapeutic options.
Any failure in treatment is to be assessed by a clinical lymphologist (a doctor specifically trained
to treat lymph circulation diseases), who will assess the patient again in order to look for any mistakes in diagnosis (quite frequently the cause of treatment’s negative outcome) or in the specific
application of therapeutic protocols.
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Compression therapy in sports

In the last 30 years, scientific literature has been enriched by new and interesting data on the application of compression therapy in sports.
The rationale of using elastic stockings or other “compression tools” in sports stems from basic
physiological parameters of the hemodynamics of lower limb circulation during muscular activity
and bone and joint kinetics:
1)
2)
3)
4)

during ambulation, only skeletal-muscle-venous pumps are activated
the increase of interstitial pressure favours edema re-absorption
the increase of perfusion and fibrinolytic activity.
venous return to the right atrium from lower limbs accounts for appr.60% of total venous
return; this share of blood flow remains the same even during sports activities. Accordingly, it
can be inferred that venous return from lower limbs (heart periphery) can have a strong impact
on heart mechanics and, in general, on circulatory hemodynamics.

Over the years, several compression tutors or hosiery (referred to as “Compression Garments CGs) with different indications (performance enhancement, faster physical recovery and reduction
of post-exercise acidosis, etc.) have been made available for sportsmen. Several studies have analysed
the possible effects of compression stockings on athletes, focusing especially on the construction
design of elastic tutors. However, these studies are difficult to compare: some have been carried
out on professional athletes, others on amateurs; some analyse compression on all or some parts
of the body, others have investigated only the use of knee-length elastic stockings, with different
end-points. Unlike therapeutic stockings, compression stockings or garments used for sports have
not been classified according to universal standards. Several elastic items of sportswear have been
produced, from knee-length stockings to socks, from trousers to sport suits covering the entire
body, except neck and head. Some authors (1) gave pointed out that several studies carried out with
various compression garments and pressure ranges have often resulted in contradictory outcomes.
This new tendency to use compression garments for sports activities has gained popularity in the
last decade and is based on the following physiopathological premises:
1) catabolic products and lactate are removed from stressed muscle more quickly, allowing faster
recovery
2) in lower limbs, there is less blood stagnation, especially in sports requiring athletes to stand for
a long time
3) muscles achieve better pre-tension and, subsequently, performance improves
4) reduced DOMS (Delayed Onset Muscle Soreness)
5) reduced muscle micro traumas
Normally, the cardiac output (stroke volume x heart rate) of a healthy man of average size is
approximately 5L/min, while during an incremental maximal physical effort cardiac output may
increase to 20 L/min (35-40 L/min. in professional athletes). Similarly, the average consumption
of O2 in basal conditions is 250 ml/min, but it can go up to 3-4 L/min. during physical activity.
In particular, during intense physical effort blood perfusion undergoes a 30-40-fold increase in the
skeletal muscle and perfusion increases 30 to 40 times-fold (80-120 ml /min / 100 g.). This is possible thanks to several regulatory chemical-metabolic mechanisms, both local and neuroreflexive:
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1) chemical - metabolic vasodilation for O2 reduction, CO2 increase, adenosine diphosphate
(ADP) increase, lactate increase, increase of H+ ions
2) increase of cardiac output triggering an increase of stress on the endothelium with increased
release of nitric oxide (NO) and local increase of perfusion neurologic activation of β receptors
with vasodilatation.
3) Isometric muscle work (where muscle does not shorten with high muscle tension) does not
trigger an increase in perfusion; at only 30% of maximum force, perfusion decreases (2).
The stimulation of α-receptors triggers venous vasoconstriction, a sort of venous squeeze, and
increased blood mobilitation. However, it must be taken into consideration that vein walls have a
thin, smooth and unstable muscle structure (the muscular coat progressively reduces itself as it proceeds from the GSV to the tributaries); therefore, when it is subjected to prolonged pressure loads,
progressive vein wall distension may occur (especially in veins located very far from the heart) with
valve incompetence and increased microcirculation filtration pressure (3).
Physiologically speaking, in microcirculaton there is a balance between hydrostatic pressure and
colloid-osmotic pressure, both at the capillary and the interstitial level; during physical activity,
especially intense and prolonged, an increase in hydrostatic pressure and, subsequently, in microcirculation filtration may occur. The increase of arterial systolic pressure during physical effort, which
in competitive sports may significantly increase until appr. 80mmHg, seems to be less important
in determining an increase of microcirculation filtration, since diastolic pressure does not generally
vary or tends to decrease, with a moderate increase of mean pressure, while muscle microtrauma are
a common cause of edema in athletes (4).
Indeed, it must be taken into consideration that mean arterial pressure (MAP) is defined as the
average arterial pressure during one cardiac cycle and it is the best index of perfusion of organs.
In mathematical terms:
MAP= (CO x SVR) + CVP
{\displaystyle MAP=({CO\cdot SVR})+CVP}where CO is the volume of blood pumped by the
heart in one minute, SVR is systemic vascular resistance, and CVP is central venous pressure.
Empirically, is it derived as follows:
MAP= DP + PP/3
{\displaystyle MAP=DP+{\frac {PP}{3}}}where DP is diastolic pressure and PP is pulse pressure,
that is, the difference between systolic and diastolic pressure.
According to some authors (Brauer,2012), during intense physical activity venous-lymphatic
hemodynamics are similar to what occurs in patients affected to chronic venous insufficiency “legs
get swollen, heavy and painful”; a scintigraphy allowed to identify delayed return of lymph to the legs
(W. Brauer, Emmendingen: Lecture delivered during the 2012 Annual Conference of the German
Lymphology Association; DGL Deutsche Gesellschaft für Lymphologie).
Mechanism of action of compression therapy in sports
The pressure exerted on limbs by Compression Garments, by reducing venous calibre and, subsequently, improving valve performance, are thought to improve blood outflow during muscle activity
(5). These are the physiopathological foundations allowing to postulate the following mechanisms:
- improved absorption of O2 and nutrients
- reduced edema
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- improved washout of catabolic products (lactate, CO2, etc.)
- reduced muscle vibration and muscle microlesions
DOMS (Delayed Onset Muscle Soreness) is a physiological mechanism that accompanies muscle
activity with pain, burning, stiffness, loss of strength, swelling and muscular discomfort. Actually,
there are two types of muscle soreness triggered by physical activity (6):
• Acute-onset muscle soreness (AOMS), perceived during and/or immediately after anaerobic training, accompanied by a burning sensation. AOMS is directly connected to an excess of lactic acid,
typically occurring during anaerobic training. It is transient, since generally lactic acid is flushed
out of the body within 1-2 hours of the end of physical activity.
• Delayed-onset muscle soreness (DOMS) generally onsets 24-48 hours after anaerobic physical activity and is not connected to the production of lactic acid.
It has been proved that eccentric contraction triggers DOMS to a greater extent than concentric
or isometric contraction (7).
As previously mentioned, literature reports often contrasting data, essentially due to:
1) the absence of standardisation of Compression Garments similar to the standards applied for
elastic therapeutic stockings, with several models and decreasing or increasing pressure (pressure
at ankle ranging from 7mmHg to 25mmHg) being made available.
2) extreme variability in the morphology of athletes’ limbs (8) where, for example, a large circumference of the calf is not always accompanied by a large circumference of the ankle and viceversa
(Pic. 1);
3) uneven muscle contraction, often occurring in limbs during sports activities.
The statistical analysis of comparisons between different studies is incomplete; for example, in
the comparison between professional and amateur athletes, pressure exerted only on the leg, or the
limb or on the whole body: therefore, it is necessary to resort to more detailed, standardised, and
comparable measurement methods.
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Study on 10 competitive athletes: circumference in 4 areas (B-B1-C-D). A large circumference
at ankle is not necessarily accompanied by a large circumference of the calf and viceversa (Surhoff,
2014).
Similarly, the effect of compression on the athlete’s performance and recovery is quite controversial (9). In Germany, at the University of Koln, several studies have been carried out on athletes,
using various models of compression tutors (knee-length, on the entire limb, etc.). Athletes were
subjected to sub-maximal and maximal effort; no significant difference has been detected in terms
of performance, nor effects on lactate concentration or oxygen saturation (10,11). Other studies
(although carried out on only nine well-trained athletes) have assessed erythrocyte deformability, heart rate, partial O2 pressure, lactate concentration during submaximal effort; no significant
difference was detected (12). A further study (13) carried out on fifteen trained athletes subjected
to different elastic compression ranges (knee-length elastic stockings with pressure at 0-10-20-40
mmHg) has analysed the following end points: cardiac output, stroke volume, cardiac index, heart
rate, arterial venous difference in O2 saturation, arterial lactate concentration. Once again, no
significant difference was detected between athletes who were subjected to elastic compression and
athletes who were not.
These outcomes seem to indicate that elastic compression does not significantly alter the athletes’
blood composition (chemical and physical characteristics of blood); however, some data seem to
point at amelioration of muscle stress in endurance sports, with reduced post-muscular effort pain.
Other studies seem to point out that elastic tutors may:
- improve the athlete’s subjective comfort by reducing muscle vibration occurring during physical
effort
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- retain heat, improving the perfusion of specific tendons such as Achilles tendon, thus reducing
edema
- increased perfusion in the legs of athletes wearing knee-length elastic stockings has been confirmed (14), with a 30% increase of perfusion at rest and a 40% increase during muscle effort.
- other authors (15) have carried out a study on amateur athletes (21 runners). Two tests were
implemented on incremental treadmills; during the first test, athletes were wearing elastic stockings, while during the second test (after 48 hours) they were wearing non-elastic socks. The
results of the first tests were:
a) reduced fatigue and improvement of performance (on average 5 minutes longer than during the
control training without elastic stockings)
b) increased capacity (+3%) of oxygen absorption (VO2max).
Similarly, another study (16) carried out in young female athletes showed an improvement in
performance and reduced fatigue during strength and jumping tests (5).
This evidence has been included in literature, although several studies have been carried out
on a limited sample of athletes; however, studies have not clarified which grade of compression is
best for each specific sport, nor the actual role of decreasing compression in sports. To this regard,
recent studies (17) have shown that, rather than decreasing pressure, higher pressure on the calf
improves the effectiveness of the leg’s venous pump. Further studies (18) emphasise the importance
of high-stiffness elastic systems in improving the efficiency of the leg venous pump.
All the positive effects described in these studies lead to a common denominator: increased
venous return to the heart (19). Careful analysis of what we have described above leads us to the
following reflections and conclusions:
- compression therapy seems to be less useful and effective in speed sports (short distance sprints,
10-60 mt.)
- decreased fatigue time (23-24) and improved performance
- reduced muscle swelling and pain, temperature increase
- reduced muscle vibration and microtrauma
- reduced delayed soreness (DOMS), regardless of compression intensity (25)
- improved venous squeeze (increased efficiency of venous pumps in lower limbs (22).
In the end, all these effects have a positive effect on both the athlete’s performance and recovery, with significant implications from the practical and psychological point of view (20). Further
studies aimed at determining the type (increasing-decreasing) and amount of pressure (compression
class) to be applied in different sports should be carried out.
Based on state-of-the-art literature (26), the following conclusions can be drawn:
1) elastic tutors seem to be able to modify venous hemodynamics in lower limbs also in non phlebopathic subjects such as athletes, and, in general, people practising sports;
2) the effects are best observable on parameters regarding venous capacitance
3) it is likely that reduced secondary venous congestion during athletic effort may have a positive
impact on muscle metabolism (increase of workload).
In conclusion, compression therapy in sports may help improve the athlete’s performance by
reducing muscle pain during effort and improving recovery (improved venous and lymph return,
antalgic effect with reduced DOMS, etc.), with indisputable beneficial effects on the athlete.
In the near future, further controlled studies should be carried out with the following END
POINTS:
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1)
2)
3)
4)

identification of ideal pressure (increasing, decreasing, etc.)
standardisation of compression classes and determining tutor thickness
correct sampling of athletes (type of sport, professional/amateur, etc.)
specification of age, gender, muscular mass, hydration, and presence of any chronic venous disease, since these factors may significantly influence response
5) the type of exercise subjected to assessment should induce replicable effects
6) effectiveness should be assessed using objective methods and quantified criteria (for example,
muscle pain should be measured using an algometer, biological data, measurement of muscle
oscillation, etc.)
7) comparison with placebo
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Compression: critical aspects and new input for research

Quality of Life (QoL) is a multidimensional notion that deeply impacts our physical, emotional,
and social life. It is universally acknowledged as one of healthcare’s vital goals, although its assessment has not fully been included in clinical practice.
The American College of Physicians has stated: “The evaluation of the patient’s physical, psychological, and social functioning is a vital aspect of clinical diagnosis, a crucial element in choosing
the right therapy, a measure of its effectiveness and a guide for long-term planning of treatment.”
The term Health-Related Quality of Life (HRQoL) defines an assessment of a subject’s health as it
is perceived by the subject him/herself, and isdefined as: “The qualitative aspects of the individual’s
life connected to the domains of medicine and healthcare and, therefore, susceptible to be changed
by medicine”.1,2,3
The World Health Organization (WHO) has defined QoL as “a state of complete physical, mental, and social comfort, not simply the absence of diseases”.
CVD (Chronic Venous Disease) is a frequent condition, with prevalence increasing with age. It
is a painful and crippling condition, leading to the individual’s reduced physical functioning and
mobility, and is often associated to social isolation and depression. The negative impact on the phlebopathic patient’s quality of life occurs especially in the evolution phases of the disease, especially when phlebostatic ulcer occurs. Infective and inflammatory complications and especially pain,
which is often intense, are all conditions affecting the HRQoL in the same way as severe conditions
such as oncologic and cardiac diseases, chronic-degenerative conditions such as arthropathies, diseases such as chronic obstructive pulmonary disease or multifactorial dysmetabolic conditions such
as diabetes.4
Consequently, CVD can bring about limitations in daily activities, reduced productivity and
working days lost in the advanced phases of the disease, with a negative effect on the patient’s
self-esteem. The evolution of CVD is inherently progressive; therefore, to assess the entire spectrum of CVD, its signs and symptoms, the impact on QoL, and the effects of pharmacologic,
compression and/or surgical treatment, reliable and objective assessment tools are necessary. Since
the improvement of HRQoL is an essential “target” of therapeutic strategies, it is necessary to use
appropriate tools for its assessment.
There is an actual gap in literature regarding compression therapy. Indeed, there are no specific
tools for objective evaluation of the effects of therapeutic elastic compression or compression stockings on the symptoms and HRQoL of patients affected by CVD. A direct connection between the
severity of the disease and specific HRQoL tools has been established.
Some scores have been developed in clinical practice to be used as diagnostic tools and determine
the severity of the disease (CEAP, VCSS, etc.). CEAP is an acronym for a classification including a
description of CVD based upon clinical objective signs (C), etiology (E), anatomical (A) distribution of the disease, and the underlying pathophysiology (P).5,6 It allows precise staging of the disease
and diagnostic evaluation of the patient, allowing to define the evolution stage and clinical severity
of the disease in an objective and replicable way. The American Venous Forum (AVF) has developed the Venous Severity Scoring (VSS)7, which has been designed to complement, not replace,
the CEAP classification. In order to increase its sensitivity, VSS was developed into three parts8:
Venous Disability Score (VDS), Venous Segmental Disease Score (VSDS), Venous Clinical Severity
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Score (VCSS)9. VDS: allows to assess disability on the workplace according to a 0 to 3 score. VSDS:
combining the anatomic & pathophysiological components, major venous segments are graded
according to presence of reflux and/or obstruction based entirely on venous imaging studies. The
duplex scan results generate a grade which reflects the severity of disease. VCSS: it is a dynamic
evaluation of the CEAP classification. It has been designed to include the ten main characteristics
of CVD complications (pain, varicose veins, edema, skin pigmentation, inflammation, induration
with alterations of cutis and subcutis, total number, duration, and size of ulcers, compression therapy). Each of them is evaluated on a 0-3 severity scale. This score system is easy to apply and allows a
total score from 0 to 30 (with 30 indicating maximum severity). Clinical scores to assess the impact
of CVD on the patients’ HRQoL are vital and are to be complemented with generic and specific
questionnaires for CVD.
A generic or specific questionnaire should answer to validation criteria for the studied population. Even if a tool is widely acknowledged in literature and used in several international studies,
it cannot be simply translated and used in Italy. The main characteristics of an evaluation tool are
appropriateness, acceptability, feasibility, interpretability, precision, reliability, replicability and validity; moreover, it should be easy and quick to administer to a wide range of population, including
very elderly patients.
Generic questionnaires are aimed at measuring the subject’s general well-being and functioning, with no reference to any specific disease; they are characterised by a multi-item structure and generate scores referring to several different aspects of the subject’s health status. The
most famous ones are: the Nottingham Health Profile (NHP), the Short-Form-36 (SF-36), the
Short-Form-12 (SF-12), EuroQol 5 Dimension (EQ-5D)10,11,12,13 The NHP consists of two parts:
the first part uses 38 items to investigate 6 subscales (pain, physical mobility, sleep, emotional
reaction, energy level, and social isolation); the second part consists of 7 items which deal with
the repercussions of any alterations in health state on occupation, social life, family life, sexual
function, hobbies and holidays.14,15 The SF-36 is aimed at assessing the general health state.
It consists of eight scaled scores: physical functioning, social role functioning, limitations due
to physical and emotional problems, mental health, energy/vitality, bodily pain, general health
perceptions, any changes in health state over the previous year. This evaluation scale can be completed in 5-10 minutes and has excellent acceptability. Several studies have proved its validity in
terms of psychometric characteristics. Due to its generic nature, it should be complemented by
specific questionnaires when studying specific populations of patients; in particular, SF-36 is not
sensitive to specific effects of compression therapy. The SF-12 questionnaire is the short version
of the SF-36 questionnaire. It contains 12 of the 36 items in the original questionnaire and allows to investigate the two synthetic indexes, that is PCS (Physical Component Summary) for
physical health and MCS (Mental Component Summary) for mental health. This questionnaire
is short and easy to administer (which are its main strengths) and can be self-administered. The
investigation generates a score between 0 and 100; the highest scores indicate the best perception
of the subject’s general health state. The SF-36 allows to assess changes in the QoL of the patient
affected by CVD. In the broader perspective of scientific literature, the tool used to measure
HRQoL, which seems to be both generic and specific at the same time, is theEuroQoL-5D16,17,18.
It is easy and quick to administer, allowing to investigate large populations, and can be easily
compiled even by patients in their advanced age, with low levels of education, and affected by
extremely debilitating clinical conditions.
It is a simple, short, easy to administer questionnaire which supplies a generic and short overview of health-related quality of life. The questionnaire consists of two parts: the first one includes
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five items on health state description (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression). The second part consists of a graded VAS (Visual Analogue Scale) (0 -100) used
by the patient to describe his/her perceived health state.19,20,21,22,23,24 The Visual Analogue Scale or
analogue visual scale is also used to measure the characteristics of pain.
In addition to generic questionnaires, specific questionnaires are available: they are sensitive to
disease progression and implemented therapy. Their structure makes them more sensitive in measuring HRQoL related to a specific disease, since they include items regarding symptoms and related treatment. Evaluation of HRQoL is focused on specific areas; as a consequence, tools are mainly
connected to the following topics: “Disease, Population, Function, Specific Problem or Condition,
etc.” The most notorious ones on venous diseases are: CIVIQ 20 (Chronic Venous Insufficiency
quality of life Questionnaire, CIVIQ and CIVIQ-14)25,26,27 VEINES-QoL/Sym (VEnous INsufficiency Epidemiological and economic Study)28, Phleboscore®29, AVVQ (Aberdeen Varicose Vein
Questionnaire)30, CXVUQ (Charing Cross Venous Ulcer Questionnaire)31, VUQ (Venkatraman
Ulcer-specific QoL Questionnaire)32,33,34.
CIVIC 20, specifically developed and validated in France to assess the HRQoL of patients affected by CVD, is a well-structured questionnaire based on relevance, acceptability, reliability, validity, and sensitivity. It consists of 20 items and includes 4 sub-areas: physical (4 items), psychological (9 items), social (3 items), pain (4 items). The score may range from 0 (worst score) to 100
(best score). Due to lack of replicability of CIVIQ 20, a new questionnaire was validated. CIVIQ
14 is a stable, reliable, and sensitive tool to interpret the outcomes of international studies. It
includes 14 items divided into three sub-areas: pain, physical and psychological components.35,36
VEINES, an international prospective coohort study carried out in Belgium, France, Italy, and
Canada, developed VEINES-QoL/Sym to assess HRQoL connected to signs and symptoms of
CVD (for example telangiectasias, varicose veins, edema, skin alterations, ulcers). The questionnaire consists of 35 items: 25 items evaluate the effects of the disease on HRQoL and 10 items
measure symptoms. The questionnaire is available in four languages (English, French, Italian,
Canadian French). This questionnaire focuses on symptoms rather than on psychological and
social aspects of the disease to a greater extent than CIVIQ. It has been validated for symptoms of
Deep Venous Thrombosis (DVT).37 Phleboscore® is an 11-item self-administered questionnaire
helping to foresee the risk of CVD development. It includes items on risk factors, frequency of
symptoms, and conditions worsening venous symptoms (heat, oral contraceptives, long-distance
journeys). The score range is between 0 and 31. A score higher than 12 identifies patients at risk
of CVD, while a score higher than 23 indicates the need to further investigate the subject’s venous conditions via a clinical-diagnostic work-up. The Aberdeen Varicose Vein Questionnaire
(AVVQ) tackles several aspects of varicose veins: treatment outcomes include symptoms, social
and aesthetic problems. The overall assessment is based on a 0 to 100 interval score. AVVQ is a
13-item survey and it ranges from physical symptoms to social aspects, including pain, edema at
ankles, ulcers, compression therapy, limitations in daily activities and aestethic issues for patients
affected by varicose veins. The questionnaire’s score ranges from 0 (no impact) to 100 (severe
impact).
A strong correlation between AVVQ and SF-36 has been found in patients affected by CVD,
with a perception of health which is lower in patients affected by varicose veins than in the general population.38,39 The Charing Cross Venous Ulcer Questionnaire Charing (CXVUQ) was
developed to provide a valid measurement of HRQoL in patients affected by venous ulcers. This
score can be combined with SF-36 to generate precious information on the progression of ulcers
and their treatment. The questionnaire was mainly designed for patients with venous ulcers and
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provided scientific foundations for quite an intuitive fact: venous stasis in patients with ulcers
has a negative effect on HRQoL. Indeed, before this questionnaire, no reliable tool was available
to assess the effects of treatment, especially compression therapy, in patients affected by venous
ulcers. In literature, some studies on the effects of compression therapy and HRQoL have used
tools specifically designed for the disease; however, these questionnaires have been properly validated on large groups of patients only in a few studies. To this regard, in 2005 the Venkatraman
Ulcer-specific QoL Questionnaire (VUQ) was published. This survey was carried out on a representative sample of patients affected by venous ulcers in lower limbs. A self-administered, sixpage questionnaire, the Freiburger Lebensqualitäts Assessment Questionnaire (FLQA), was used
to collect data. The pilot survey showed the reliability and replicability of the questionnaire and
indicated VUQ as adequate to assess the effects of compression therapy and the general HRQoL
of patients affected by venous ulcers in their lower limbs. The tool has been tested in randomised
studies assessing compression therapy in venous ulcers or vein surgery and HRQoL. Most of
these tools neglect to deal with the social dimension or do so only partially. This aspect is vital in
the patient’s global assessment; therefore, using a validated tool including this sub-area, such as
the CIVIQ, Veines-QoL / Sym, and VUQ, in combination with the CEAP classification and the
VSS system, should become part of routine clinical practice, in order to improve understanding
and assessment of the social and healthcare impact of the disease. Here below you can find suggested changes (F.Mariani)40 to the VUQ in connection with compression therapy (bandaging or
elastic stockings) (Tab. I).
The following questions are concerned with your viux on compression therapy (bandages or elastic stockings).
Please put a cross in the box provided to indicate your feeling (* scores)
Not at all Sometimes Occasionally Always
(1)*
(2)*
(3)*
(4)*
1 Do your experience pain when compression is applied?
2 Do your experience pain when compression is removed?
3 Do your experience pain wearing shoes with compression?
4 Do your experience pain when walking wearing compression?
5 Do you have painful costrictions after wearing compression?
6 Does wearing compression prevent you from normal activities?
8 Does wearing compression prevent you from visiting friends and families?
9 Do you feel any discomfort while wearing compression during the day?
7 Do you wear compression when you are asleep?
11 Do you feel anu discomfort while wearing compression when you are asleep?
10 How many times do you wear compression?
14 Does your compression device slip?
12 Do you have dryness of the skin?
13 Do you feel litching?
15 Do you wear compression at all times or when the nurse of families help you?

What is your opinion about the conpression therapy?

It help to improve
my symptoms (1)*

It does not improve
my symptoms (4)*

It prevents
my symptoms (1)*

It help to heel
my ulcer (1)*
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It does not improve
my ulcer (4)*

It is
comfortable (1)*

As this classification allows to infer, it is often pain that induces patients to undergo specialist
examination and receive a venous disease diagnosis. CVD in its initial phase is difficult to assess objectively, especially in patients in C0s and C1, where symptoms are inherently subjective. Pain has
a strong impact on the QoL of patients affected by CVD. The intensity of pain varies between different patients or even in the same patient as the disease progresses. Moreover, it should be underlined that a direct causal effect between CVD and vein-induced pain is still difficult to clarify. The
most well-known - and widely used - unidimensional scales for the measurement of pain are VAS
(Visual Analogue Scale) and NRS (Numerical Rating Scale). As mentioned before, VAS is based on
analogue measurement of pain. NRS is characterised by a 11-grade scale (0-10); 0 indicates no pain
and 10 indicates the worst pain imaginable by the patient. Another type of unidimensional scale
is VRS (Verbal Rating Scale). This is a category-based scale; the patient is asked to include his/her
pain into one of these four categories: no pain, mild pain, moderate pain, severe pain. The main
advantage of NRS over VAS is linked to the fact that it is more practical and easier to understand.
The McGill Pain Questionnaire (MPQ) is a complex instrument, based on 78 descriptors investigating three sub-areas (sensory, affective and evaluative), further divided in twenty sub-classes. The
sensory sub-area has 13 sub-classes, the affective one 5 and the evaluative sub-area 2. The MPQ
questionnaire on pain allows to improve differential diagnosis, since this tool describes not only the
intensity, but also the quality of pain.
The Chronic Pain Grade Scale (CPGS) is a generic measurement of pain useful for researchers
to describe, evaluate, and compare the severity of chronic pain in response to treatment effects. It is
a “double assessment scale” which measures the severity of chronic pain in all situations, taking into
consideration both the intensity of pain (Chronic Pain Grade questionnaire CPG) and the disability it induces (Functioning Disability and Health ICF). It assesses the impact of pain on daily life,
social, and working activities. The third multidimensional tool for generic evaluation of pain, the
SF-36 Bodily Pain Scale (SF-36 BPS), is useful to assess pain in the framework of general health
state; therefore, it is more useful for comparing populations and subgroups within populations. The
VAS and SF-36 BPS are tools for generic evaluation of pain. NRS Pain is recommended to estimate
the intensity of the patient’s pain, while the SF-36 BPS should be used to assess pain in the framework of the general health state. Both are considered sufficiently easy to administer and allowing to
immediately get a picture of the state of the art, on the first visit and during subsequent follow-ups.
Another important aspect of the management of CVD symptoms is the distinction between psychic and somatic components. Recently, the Psychic vs Somatic Venous Disease Questionnaire
(PsySoVDQ) was applied to 1,800 participants in the Bonn Vein Study II 39. The PsySoVDQ
had identified somatic and psychic components of widespread and frequent symptoms of venous
diseases in the general population. The psychic component consists of 5 items: melancholic person,
anxious person, feels like running away, stressed because of unresolved issues, interested in what
other people think of me. The somatic component has 4 items: feelings of leg heaviness, feelings of
leg swelling, leg pain at various sites, leg pain at one site. All these symptoms are typically correlated
to a peripheral venous hypertension condition.
Taking into consideration what previously mentioned, a study on the assessment of short-term
effects of compression therapy on the HRQoL of patients affected by CVD was published. 117
patients in class CEAP C2 and C3 were enrolled. Participants were split into two groups: the study
group (42 patients) and the control group (75 patients). Data were collected via NHP, VEINESQoL/Sym and the Beck Depression Inventory (BDI) at baseline and after 4 weeks of treatment. The
study has shown that after short-term use of CS, CVD symptoms have improved, thus bringing
about improved HRQoL. In particular, compression plays a vital role in controlling symptoms,
with visible results in terms of clinical effectiveness and impact on HRQoL. Besides, compression
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therapy has significantly improved patient’s general mood and ameliorated depression, as assessed
via BDI. This is, however, a small-size study; further studies are needed to confirm this evidence,
including a much larger number of cases.41 The impact of venous diseases on HRQoL has been evaluated by several clinical investigations;42; however, not much has been published on compression
therapy, a vital therapeutic tool in the treatment of phlebolymphatic diseases. To this end, it would
be useful to promote and validate specific tools to assess the effects on QoL of compression therapy,
bandaging and/or stockings when treating venous diseases. As previously mentioned, changes in
VUQ have been proposed to allow general evaluation of HRQoL in patients affected by CVD after
compression therapy (Tab.I). An adequately modified VUQ might be validated and used in combination with the Norton Scale (an analysis of mental state and joint mobility; Tab.II)43, CIVIQ,
and the CEAP / VSS classification for a generic and specific assessment of the effects of compression
therapy on the HRQoL in patients affected by CVD.
Tab.II all rights reserved
Phsical condition
Very bad (1)
Poor (2)
Fair (3)
Good (4)

Mental condition
Stupororous (1)
Confused (2)
Apathetic (3)
Alert (4)

Mobility
Immobile (1)
Very limited (2)
Slighty impaired (3)
Full (4)

Activity
Bedfast (1)
Chairbound (2)
Walks with help (3)
Ambulant (4)

Incontinence
Urinaryt and fecal (1)
Usualy urinary (2)
Occasional (3)
None (4)

The availability of tools allowing to fully assess CVD, its signs and symptoms, its impact on
HRQoL, the effects of pharmacologic, compression and surgical therapy, is vital for the efficient
management of the disease itself. The European Organisation for Research and Treatment of
Cancer (EORTC) has initiated a research programme to develop an integrated approach aimed
at assessing HRQoL of patients included in international clinical trials on cancer. The EORTC
QLQ-C30 questionnaire is disease-specific, that is, it has been specifically designed for cancer. It
includes five functional scales (physical, emotional, cognitive, social, role), three symptom scales
(fatigue, nausea/ vomiting, pain) and a global health state/QoL scale. Furthermore, it contains six
single items (dyspnoea, insomnia, appetite loss, constipation, diarrhoea and financial difficulties).
It has been validated in 81 languages and used in more than 3,000 studies carried out all over the
world.44 A challenge to be taken in the next years is the identification of a similar tool for patients
affected by CVD undergoing compression therapy, with high levels of validity and reliability, to
allow standardised evaluation which is also sensitive to the patient’s lifestyle and to the impact of
the disease on several domains of daily life. Therefore, it will be necessary to promote international
consensus for the approval of tools for future clinical studies on CVD / HRQoL and, in particular,
on compression therapy and HRQoL.
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Rules and regulations on elastic stockings

Introduction: glossary and definitions.
The generic term “elastic stockings” defines several types of textile products, different in terms of
manufacturing design and medical implications. Compression therapy is a vital cornerstone in the
treatment of diseases affecting the limbs.
Elastic stockings can be divided into:
1 - Therapeutic or medical elastic stockings (TES, MKS).
Therapeutic or medical elastic stockings are manufactured using materials and methods established by relevant standards (currently, German RAL-GZ 387, French NFG 30-102B IFTH, and
British BS7505). They ensure a specific amount of pressure, gradually decreasing up the leg, is
exerted on the limb, according to specific parameters and standardised compression classes. These
stockings are available in several models and sizes. Compression and compliance with standardised manufacturing design are to be constantly certified by independent national institutes. The
effectiveness of therapeutic elastic stockings in preventing and treating diseases has been proved by
several clinical trials and scientific literature at the global level; TES are, therefore, fully-fledged
medical devices.
2 - Support stockings
Support elastic stockings are elastic stockings whose characteristics do not fully meet relevant
standards but, nonetheless, exert a specific and consistent amount of pressure (in mmHg) at ankle
and/or other areas of lower limbs, which gradually decreases up the leg.
3 - Elastic stockings
All other types of stockings manufactured using elastic fibres, characterised by thickness of yarn
expressed in deniers, or not ensuring specific decreasing pressure, are to be labelled simply as elastic
stockings.
4 - Antithromboembolism stockings
Antithromboembolism stockings (also anti-embolism stockings) are therapeutic elastic stockings
partially manufactured in a different way so as to be tolerated at rest. Pressure at ankle is 18 mmHg
(tolerance ± 3 mmHg.). Pressure along the lower limbs must be decreasing: in B1, between 80%
and 100% of pressure at ankle (B), in C, between 60% and 80%, and in F or G between 40% and
70% (CEN 1998, draft prEN 12719).
In some countries, national healthcare systems or private insurance companies reimburse the
cost of MKS, which are fully recognised as medical devices. As a consequence, stockings have to be
manufactured according to strict standards. Stockings that fail to comply are not included in the
lists of certified (and, therefore, reimbursable) elastic compression tutors.
In Italy, the situation is more complex. In January 2002, the European experimental standard
(CEN/TC205 - prEN12718-19) was implemented in Italy’s national law; however, due to non-reimbursability of these medical devices (except in some special status regions), quality control by
accredited centres is not compulsory, as is the case in Germany with Forschungsinstitut Hohenstein,
France with ITF, Switzerland with EMPA, the Netherlands with TNO, and, finally, Great Britain
with Segar Design.
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De facto, this frees sellers or manufacturers of medical elastic stockings on the Italian territory
from the obligation to comply with strict standards, thus creating an extremely diverse market,
which does not always safeguard patients using these devices.
In the short term, the situation may change due to approval of new basic welfare standards
(LEA), which may pave the way to the reimbursement of medical elastic tutors (both standardised
and flat knit custom made), at least for patients affected by primary and secondary lymphedema.
Elastic stockings: characteristics
Considering existing rules currently implemented in other European countries, TES must meet
specific manufacturing and quality standards established in Germany, Austria, and Switzerland by
the German standard RAL-GZ 387 (Reichs Ausschuß für Lieferbedingungen, April 23rd, 1925;
Medical Compression Hosiery Quality Assurance, last reviewed in September 2000), in France, by
the French standard NFG 30-102B (IFTH), and in the UK by the British standard BS7505.
These standards provide for:
- manufacturing of CS on circular knitting machines (or flat machines for some custom made
products)
- manufacturing with high-quality materials according to standardised methods
- even compression gradient which gradually decreases up the leg
- compression class indicated in mmHg at ankle and along the limb
- bidirectional extensibility of knit to facilitate joint movements
- employment of ventilated fibres to allow evaporation and skin perspiration
- knitted heel allowing anatomical positioning of the ankle and, therefore, desired pressure on the
specific area of the leg
- perfect fitting to the shape of the limb
- duration of compression for at least 4-6 months, according to the type of yarn employed for CS
manufacturing
- manufacturing and expiry date must be indicated on the package, along with all other data ensuring the medical device’s traceability and quality
- quality control via tests to be regularly carried out by authorised independent institutes.
Basically, the three standards differ only in the therapeutic classes’ compression ranges. This
problem was solved in 2006, when all European manufacturers of elastic stockings adhered to the
CEN compression class standards. This body, known as Comité européen de normalisation (European Committee for Standardization) is a regulating authority whose aim is to harmonise and
issue standardisedtechnical norms (EN) in Europe, in cooperation with national and supranational
regulating authorities, such as, for example,ISO.
Compression class (Point B)
The European Committee for Standardisation (CEN/TC205 - prEN12718)
Compressions class
A
1
2
3
4

Intensity
low
low
moderate
high
very high

mmHg
10-14
18-21
23-32
34-46
>49

*1mmHg = 1.333hPa (hectopascal)
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hPa*
13-19
20-28
31-43
45-61
>65

Materials
Elastic stockings can be manufactured in polyamide, elastane, cotton, rubber, viscose or microfibre, in different compositions.
Polyamide (PA, Nylon®, Perlon®): polyamide fibres are moth-proof, resistant to mites, wear, and
bacteria. Moisture content at a temperature of 20°C and 65% humidity is approximately 4%.
Elastane (EL, Lycra®): consists of 85% polyurethane (PU). The highly elastic fibres are resistant
to almost all dilute acids and solutions, as well as to oils and fats. They are resistant to wear, light,
and high temperatures (up until appr. 150°C). The moisture content is very low.
Cotton (BW): this term defines the fluffy fibres growing on annual shrubs, in the mallow family
Malvaceae. Raw cotton contains 83-85% of pure cellulose. Cotton can be washed at high temperatures and sterilised; its static load is extremely low. Elasticity is appr.40%.
Elastodiene (ELA, natural rubber): its basic material is latex (Naturaltex), obtained by incising
the bark of Hevea Brasiliensis trees. Rubber (ELA) is characterised by extremely high elasticity.
However, it is not resistant to fats and several chemicals, and it deteriorates at high temperatures
(for example, during sterilisation). The moisture content is very low.
Viscose (CV): unlike cotton, viscose is a regenerated cellulose fibre, that is, a chemical fibre.
Cotton can be replaced by viscose. Indeed, like cotton, viscose has high water absorption power.
Microfibre: is the common name of chemical fibres finer than 1 decitex. This means that 10,000
m of these fibres weigh less than 1 g. Therefore, they are clearly finer than natural fibres and much
softer-to-the-touch. Tactel® anf Trevira Finesse® are well-known microfibre materials.
Stockings consist of a transverse weft thread which produces compression. The weft thread is
made of elastic material such as natural rubber or elastane - a synonym of Spandex (Lycra®, Dorlastan®, Linel®) - which is usually double wrapped in opposing directions (gimping process) with yarns
such as cotton, polyammide (Nylon®), or microfibre polyamide.
In this way, the weft thread is fixed at a predetermined tension, producing the physical and
aesthetic characteristics of the stocking, according to the characteristics of the material used for the
covering. The knit through which the weft thread passes consists of elastic yarns, of lower strength
compared to the weft, usually woven with the method known as crossed and locked knit.
In April 1997, the 5th Amendment of the Requirements Regulation came into force. According
to this amended regulation, the azo dyes from which carcinogenic amines (arylamines) are cleaved
may no longer be contained in medical compression stockings.
In addition, the use of Chrome IV compounds and some non-inflammable substances is forbidden. Due to a high percentage of allergic reactions, the use of the following dispersion dyes should
be avoided: Blue 1, 35, 106, 124; Yellow 3, Orange 3. 37/36 and Red. Cotton medical compression
stockings must not contain banned pesticides, insecticides, herbicides, pyrethroids, and chlorinated
phenols in amounts exceeding the maximum permissible limit.
Medical compression stockings are manufactured in several ways and can be very comfortable,
even high-pressure ones.
Manufacturing techniques allow to manufacture smooth stockings with seam, tubular stockings with single and double covering, seamless, formed by knitting with a minimum of one elastic
thread running vertically and one running horizontally (in every second course).
Due to the shape of tubular stockings, their use is subjected to restrictions. For this reason,
small-circumference limbs or limbs with substantial differences in circumferences may not be treated with tubular compression stockings.
Most therapeutic elastic stockings are open-toe. In case of closed-toe models, the tip should be
elastic, in order not to create excessive constriction. Tutors for arms may or may not cover the hands.
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The stiffness of therapeutic elastic stockings varies according to compression class, and within
the same class, to the materials used for manufacturing (Wegen-Franken and coll. 2006). Stiffness
is crucial in determining the compression characteristics of the stocking’s therapeutic Class and the
duration of compression over time. In short, we may state that, even within the same compression
class, stockings with rubber weft thread exert higher pressure than elastane, with higher working
pressure and better maintenance of exerted pressure (at the end of the day, it decreases by 7-8% over
morning, while in elastane-thread stockings pressure it decreases by appr. 15%).
Support stockings (sometimes erroneously referred to as “preventive”) are manufactured in a
different way: there is only warp thread (usually Nylon®) and no weft thread. Although support
stockings maintain a degree of compression which gradually decreases up the leg, their therapeutic
effectiveness is controversial. It is even harder to ascertain clear and measurable therapeutic effects
of elastic tutors whose characteristics are described only in terms of “deniers” (that is, the textile
characteristics of yarn). Indeed, the denier is a unit measuring the weight of synthetic threads,
whose specific value is 1 denier = weight in grams of 9 Km of yarn.
Therefore, deniers indicate the weight of stockings and, indirectly, the thickness of the yarn.
These parameters cannot be used to determine the pressure exerted by the stockings.
The manufacturers of therapeutic elastic tutors, together with the most authoritative scientific societies in the field of phlebolymphology, suggest prescribing tutors whose compression class varies according to the severity of the disease, and recommend prescribing the so-called “anti-embolism” stockings
(with a 18 mmHg pressure at ankle and 8 at thigh, and whose technical characteristics allow to use
them also at rest, in clinostatic position, and under anaesthetic) for thromboembolism prophylaxis.
Prescription of “anti-embolism” stockings can be extended to post-thrombophlebitic patients, to
exert prophylactic pressure preventing relapses at night and, in patients having undergone varicose
vein surgery, in the days following the surgical procedure. However, these stockings should always
be combined with therapeutic elastic tutors during daytime activities.
Elastic stockings may also replace adhesive medicated bandaging (inextensible, non-elastic, or
short-stretch) in the treatment of small and scarcely exuding venous ulcers; this use of CS is increasingly accepted in clinical practice and widely supported by scientific literature. In this case,
anti-thromboembolism stockings should be worn permanently and combined with superimposed
compression class 2-3 stockings during the day. Such use of the stockings has been suggested since
1994 in studies by Horakova and Partsch (1994).
Therapeutic elastic stockings are useful in preventing and maintaining achieved results; adhesive
bandaging (rigid, non-elastic or short-stretch) should be used in “active” treatment of edema and
its complications. Elastic and non-elastic multilayered bandaging is the most adequate device for
reducing soft, reversible edema, with no trophic skin alterations; however, it has to be changed
frequently, with related technical difficulties. Prolonged application of bandaging is, therefore,
an option strongly connected to the availability of highly-skilled professionals in bandaging techniques. These operational difficulties and subsequent low compression therapy compliance have
encouraged medical professionals to look for new treatment solutions involving elastic stockings,
including superimposed stockings with different technical characteristics.
The prescription of elastic stockings is a key phase of treatment, in terms of selecting the most
appropriate compression class and size and the type of tutor. Appropriate prescription, therefore,
is a crucial part of the therapeutic process, aimed at resolving the patient’s phlebolymphatic conditions and cannot be fulfilled by inexperienced staff or the patients themselves.
Overall, basic practical rules are:
- adequate compression class for the treated disease (see Tab.18)
- the type of stocking (knee-length, thigh-length, pantihose or full-length) should be chosen ac180

cording to clinical requirements (disease extension and site of treatment) and the patient’s compliance, taking into consideration that the effects of compression basically extend to the leg
- measurement of the limb’s circumference and length must be carried out accurately, since choosing an elastic tutor in the wrong size may cause pressure to be exerted in amounts different from
the desired ones and not decreasing up the leg, thus impairing the effectiveness and tolerability
of compression therapy itself
- there should be no hesitations in prescribing custom made stockings, which today are manufactured in the same way as standardised ones, if the limb’s size does not fit available standard sizes.
In any case it may prove necessary to resort to aids to wear and remove stockings, which may be
vital in improving compression therapy compliance even in elderly or disabled patients.
Tab. 18 - General indications for compression therapy
Summary
indication

bandaging

support
stocking

therapeutic elastic stocking
anticlass 1 class 2 class 3 class 4
tromboembolism
stocking

C0-C1
C2
C3
C4
C5
C6
Surgery
Sclerotherapy
for
teleangiectasias
Scelrotherapy
for varicose
vens
Acute DVT
PTS

·

·
·
·

elastic

·

·
·
(rubber) (rubber)

rigid
eccentric
compression
rigid
multilayered
multilayered
elastic/rigid eccentric
compression

·
·

·
·
(rubber) (rubber)
·
·
(rubber) (rubber)
·
·

·

·
in PTS at night
·
in PTS at night
·
in PTS at night
·
combined with
TES
·

·
·

rigid eccentric
compression
rigid
rigid
·

·

Pregnancy,
partum
Pregnancy,
partum with
varicose veins
VTE
prophylaxis
Lymphedema

rigid

·

rigid/multilayered

·

Angiodisplasias
CVI = APAD

rigid

·

·

·
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·

·

·
·
(rubber) (rubber)
·
·
(rubber) (rubber)
·

·

·
at night
·
·
·

·
·
·
(rubber) (rubber) (rubber)
·
·
·

·

Quality marking
Quality marking on products has different meanings and values. Some markings are compulsory: in Europe, the only compulsory one is the CE marking, certifying that the product meets the
safety requirements set by specific EU directives.
The CE marking can be found on several categories of products, including packages of medical
stockings: it is comparable to a passport allowing free movement of goods in the European Union.
However, CE marking has a disadvantage: it is not applied by an external certification body. In
other words, the product is certified by the manufacturer itself, based on technical documentation
proving the product’s compliance with EU requirements. It is a basic guarantee, which, however,
does not ensure the specific product’s actual safety and quality.
Some voluntary markings, accredited by governments or government-approved third bodies, are also available. In this case, manufacturers themselves, on a voluntary basis, ask external
bodies to check their product and declare its compliance with specific requirements. The most
well-known is ISO 9002. International ISO 9000 standards deal with fundamentals of quality
management systems in industrial manufacturing processes. This type of certification is a guarantee
for the quality of the manufacturing process, but not for the quality of products.
As for medical stockings are concerned, the most common marking in Italy is RAL-GZ 387
(Pic.), which is issued by independent certifying bodies (EMPA in Switzerland and Hoenstein in
Germany) to ensure reimbursement of the costs of medical stockings by the National Healthcare
Systems of these countries. Such marking is a guarantee of the quality of yarns and the compliance
to pressure classes established by relevant legislative standards. Legislative standards also specify
that medical CS should be marked with the Öko-Tex standard 100 or equivalent (class II product,
close to the skin), certifying that the fabric does not contain harmful or irritating substances for the
patient’s skin.
In the light of today’s legislative gap occurring in Italy, when choosing a medical device such as
therapeutic CS (identified by code 13- 789 in the Universal Medical Device Nomenclature System
UMNDS), it is vital to check that the product has been marked with at least one of the markings
mentioned above, (RAL-GZ 387, IFTH, BS7505), for safeguarding both the prescribing doctor
and the patient.
Pic. RAL marking
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Biochemistry and compression

Compression treatments, used since Hippocrates (Adams EF. London: Sydenham Press, 1849), are
nowadays widely recognized as standard and conservative therapeutic options for venous and lymphatic disorders.
This evidence is supported by a lot of studies performed on venous and lymphatic pathological
conditions, describing the efficacy of compression in a wide spectrum of aspects ranging from venous symptoms of chronic venous disease (CVeD) to deep vein thrombosis (DVT) and lymphoedema management, with variable grade level of evidences (Partsch H, et al. Int Angiol 2008).
Despite several RCT (randomized clinical trial) have been performed to verify the clinical efficacy of compression treatment in venous disorders (Rabe E, et al Phlebology 2017), there are no RCT
investigating the venous microenvironment of CVeD from a biochemical and biomolecular point
of view; however, several scientific researches demonstrated the involvement of inflammatory conditions in driving the progression of CVeD, and their modulation by compression (Murphy MA, et
al. Eur J Vasc Endovasc Surg 2002; Beidler SK, et al. J Vasc Surg 2009; Beidler SK, et al. Wound Repair
Regen 2008), strengthening the tight relation of inflammation, as well as proteolytic activity, and
CVeD initiation and progression.
In this respect, an interventional study as clinical trial (in itinere) aims to identify proteolytic biomarkers in local blood susceptible to hemodynamic modification induced by medical compression
stockings and lying down compared to standing position (Kalodiki E, NCT02662127).
A more critical situation could be found for what concerns lymphatic disorders. Due to the
mechanical principles of compression therapy, which aims to move fluids from the interstitial space
of edematous areas back of into the intravascular venous and lymphatic compartment and for preventing reflux (Abu-Own A, J Vasc Surg 1994), it is obvious hypothesizing that crucial information
could be hidden in interstitial fluid as well in lymphatic and blood vessels during pathophysiological conditions, that may be selectively modulated by compression and/or bandaging therapies.
In this respect, an increasing number of studies focused on the characterization of lymph fluid,
produced as affluent of the interstitial fluid, considering it a precious source of biological information for physio-pathological conditions. In fact, fluid composition reflects the microenvironment
which drains through variable pressure gradients in capillary beds surrounding tissues, rendering
lymph composition dependents not only to plasma protein ultrafiltration, but also to biomolecules,
proteins, and biomarkers originated from local anabolic and catabolic activities (Hansen KC, Int
Immunol 2015). Consequently, the biochemical profile of lymph could be modified by compression
treatment for both venous and lymphatic diseases (Ligi D, et al. Veins and Lymphatics 2016).
As recently highlighted (Rabe et al Phlebology 2017), compressive stockings are strongly recommended for maintaining a long-term lymphedema reduction (grade 1A). However, further studies
are strongly required to evaluate the ability of compression to prevent lymphedema mainly after
radiotherapy, cancer and lymphnode dissection. Moreover, it has been proposed to include parameters of mobility, QoL and applicability of compression garments for future investigations. It could
be argued to include a comprehensive study analyzing biochemical aspects to find biomarkers of
lymphedema initiation/progression and efficacy of compression/bandage therapies.
On the other hand, it has been described that compression induces clinically evident anti-inflammatory effects, mainly for counteracting local inflammatory pathological signs of edematous
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components (Macciò A, Veins and Lymphatics 2014). However, biochemical data supporting and
confirming these clinical results are actually lacking. No RCT are available examining both the
clinical efficacy of compression treatments in lymphedematous diseases, with a parallel biochemical
in vivo response to compression. This topic represents an important scientific gap which needs to
be urgently filled to improve the knowledge of both biomolecular basis of lymphedema and compression.
Preclinical studies assessing the inflammatory and proteolytic biomarker expression in interstitial fluids from patients affected by venous-lymphatic disorders before and after compression are
actually in process (Macciò A, Ligi D, Mannello F). Preliminary results demonstrated a significantly
different pattern of matrix metalloproteinases (MMP) between plasma and interstitial fluid, and the
modulation of several classes of matrix metalloproteinases by compression treatments.
Given the ability of compression therapy to restore the fluid balance between the lymphatic and
the venous compartment represents the hemodynamical mechanism leading to venous leg ulcer
healing (Rasmussen JC, J Vasc Surg: Venous and Lym Dis 2016) and lymphoedema management (International Society of Lymphology. Lymphology 2013), future biomolecular studies characterizing the
lymph and interstitial fluid composition during venous and lymphatic physio-pathological conditions, as well as their changing mediated by compression treatments, will improve the basic knowledge of venous and lymphatic disorders, the biochemical mechanisms sustained by compression
providing useful diagnostic and prognostic biomarkers for aiding and supporting clinical practice.
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