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Abstract
Chronic venous disease (CVD) is a chronic condition that is associated with venous
hypertension, vein’s valves damage, venous obstruction, and calf muscle pump impairǯȱȱȱ¢ȱȱȱȱ£ȱ¢ȱȱĚ¢ȱ
ȱěȱȱǰȱȱȱȱȱȱǰȱ ȱȱ¢ȱ
triggered by blood stasis and venous edema. With disease progression, severe ulcerative
ȱȱȱǰȱ ȱ ȱȱȱȱȱȱȱȱȱ
ǯȱȱȱȱęȱǰȱȱȱȱǰȱ¢ȱȱȱȱ
morbidity and chronicity.
The treatment of patients with CVD might focus on both the symptoms and second¢ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ǯȱ
Usually, initial treatment of CVD patients involves a non-invasive, conservative treatment to reduce symptoms, treat secondary changes, and help prevent the development
of secondary complications and the progression of the disease. Complementary, some
ȱȱȱȱȱȱǯ
There are several conservative treatments to treat and prevent complications associated
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ¢ȱ ȱ
ǻǼȱȱȱǰȱ¢ȱ¡ǰȱĴȱȱǰȱȱing, electrical muscle stimulation, transcutaneous electrical nerve stimulation, hydrotherapy, and health education. Most of these techniques are complementary to compression
therapy or pharmacological treatment.

ũ7KH$XWKRU V /LFHQVHH,Q7HFK7KLVFKDSWHULVGLVWULEXWHGXQGHUWKHWHUPVRIWKH&UHDWLYH&RPPRQV
$WWULEXWLRQ/LFHQVH KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\ ZKLFKSHUPLWVXQUHVWULFWHGXVH
GLVWULEXWLRQDQGUHSURGXFWLRQLQDQ\PHGLXPSURYLGHGWKHRULJLQDOZRUNLVSURSHUO\FLWHG
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This chapter will address the role of physical therapists in the management of CVD. The
chapter will begin by reviewing the basic physiopathology of CVD, including the role of
ȱȱǯȱȱȱęȱ¢ȱȱȱȱȱ¢ȱȱ
will be presented, as these are main tools for clinical assessment of CVD severity. In the
ȱȱȱȱ ȱȱȱ¢ȱěȱȱȱȱ
treating CVD of MLD, based on our clinical experience and own research.
Keywords: chronic venous disease, edema, calf muscle pump, manual lymphatic
drainage

1. Introduction
The term chronic venous disease (CVD) has been used to describe morphological and functional abnormalities of the venous system of extended duration that are manifested themselves by symptoms and/or signs that indicate the need for evaluation and care by health
professionals [1].
¢ǰȱ ¢ȱ ȱ ȱ ǰȱ ǰȱ ȱ ȱ ȱ ȱ ęȱ ȱ ȱ ¢ȱ
patients, which together with varicose veins are present both in mild and severe cases of CVD.
ȱȱȱ ȱȱȱȱȱęǰȱȱȱ¢ȱtribute to a negative self-esteem that also characterizes this disease [2–8]. The diminished
health-related quality of life (HRQL) seen in CVD is well studied [2, 8–10]. This negative
impact is so important that the previous view of this condition as an aesthetic problem has
been abandoned for years.
The socioeconomic burden of CVD is very high. The indirect costs are substantial and are
associated with the symptoms, functional impairment, emotional disturbances and negative
impact in HRQL [11]. The direct costs of CVD treatment are almost entirely related to its
high prevalence, morbidity, and chronicity [11, 12]. In developed countries, around 1–3% of
the health costs are due to CVD [13]. However, when patients with less severe stages of the
disease are diagnosed and treated early, the physiopathology course of the disease can be
prevented or even receded [14].
The severity of CVD is nowadays evaluated based on a multifactorial concept of the disease
and using the standardized CEAP (Clinical Etiological, Anatomical and Pathological) clasęȱ¢ǯȱ ȱȱȱ ȱȱȱ¢ȱȱ¢ȱȱȱȱ¢ȱ
therapist and it is important that health professionals use the same nomenclature so that CVD
severity can be accurately assessed and the best treatment delivered [15].
The treatment of patients with CVD might focus on both the symptoms and secondary
ȱ ȱ ȱ ǰȱ ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ǯȱ ¢ǰȱ
initial treatment of CVD patients involves a non-invasive, conservative treatment to reduce
symptoms, treat secondary changes, and help prevent the development of secondary complications and the progression of the disease. Complementary, some interventional or surgical
ȱȱȱȱǽ15].

0DQXDO/\PSKDWLF'UDLQDJHLQWKH7UHDWPHQWRI&KURQLF9HQRXV'LVHDVH
KWWSG[GRLRUJ

ȱ ¢ȱ ȱ ǻǼȱ ȱ ȱ  Ȭȱ ȱ ȱ Ȭȱ ǰȱ
described as a conservative treatment for CVD [16] and as a coadjutant of other treatments,
ȱ ȱ ȱ ¢ȱ ǽ17, 18]. This technique has been proposed for the treatment of
venous lymphedema associated to CVD [19, 20], before CVD surgery, or to relief symptoms
[17, 18, 21]. It is suggested by the literature that this physical therapy technique should be
ȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
Ě ȱǽ22, 23]. Despite controversial evidence regarding the ability of MLD to reduce edema or
lymphedema, this technique when associated with other treatments, the so-called “lymphatic
decongestive therapy”, that also includes compression, exercise, and education, may have an
important role for improving health and functional status in patients with edema associated
to sport injury or related to breast cancer surgery, just to mention two common situations [21,
24–26].
This chapter will address the role of physical therapists in the management of CVD. The
chapter will begin by reviewing the basic physiopathology of CVD, including the role of calf
ȱǯȱȱȱęȱ¢ȱȱȱȱȱ¢ȱȱ ȱȱ
presented, as these are main tools for clinical assessment of CVD severity. In the remainder of
ȱǰȱ ȱ ȱȱȱ¢ȱěȱȱȱȱȱȱȱȱ
recommendations for its use in treating CVD.

2. Health and social impact of CVD
2.1. Epidemiology
ȱȱĜ¢ǰȱȱȱȱȱȱȱǰȱȱȱ¢ogy is associated with venous hypertension, vein valve damage, venous obstruction, calf musȱȱǰȱĚȱȱȱǻǰȱȱǰȱȱǼȱȱ
veins, alteration of veins morphology and function. This disease is characterized by abnormal
ȱĚ¡ǰȱȱǰȱȱȱȱȱȱȱȱǰȱ ȱȱ
ȱȱȱȱȱȱȱǰȱȱȱęȱ ȱ0 (no signs)
and C6 (active ulcer) CEAP classes [13, 27–32]. Despite some controversies, CVD might exist
without the presence of signs [3, 13, 33].
The estimated prevalence of CVD varies according to its severity, being around 10, 9, 1.5, and
0.5% for CEAP clinical levels C3 (venous edema), C4 (hyperpigmentation or eczema, lipodermatosclerosis, or atrophie blanche), C5 (healed venous ulcer), and C6 (active venous ulcer),
respectively [33]. The more advanced stages of venous disease, (C3–C6Ǽǰȱȱȱěȱȱ
5% of the population [1Ǿǯȱȱȱǰȱȱȱȱȱȱǻŗȱ
ǼǰȱȱȱȱȱěȱȱȱŞŖƖȱȱȱǰȱ ȱȱȱȱcose veins (C2 class) has been reported as ranging from 20% to 64% [1].
Despite its frequency in the population, the prevalence of CVD is still underestimated.
Epidemiological data estimate a wide range of CVD prevalence, varying between 1-17% in
men and 1-40% in women [34Ǿǯȱ ȱ ȱ ȱ ǰȱ ¡¢ȱ Řǯśȱ ȱ ȱ ěȱ
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from CVD [2Ǿǯȱȱȱȱȱȱȱȱ¢ȱ¡ȱ¢ȱěȱ
ȱǰȱǰȱȱǰȱȱȱȱȱȱȱȱȱȱǽ1,
34]. A study where 91545 participants were evaluated, found a CVD prevalence of 83.6%, with
ŜřǯşƖȱȱȱȱęȱȱŗȬŜǰȱȱŗşǯŝƖȱȱŖǯȱȱȱȱing to gender, this study showed higher number of men in C0 class, higher number of women
in C1-C3 classes and equal number of men and women in the more severe groups (C4-C6
class) [35]. Considering only the cases of varicose veins (C2), prevalence has been shown to
vary in the range 7-40% in men and 25-32% in women [34].
2.2. Functional and HRQL implications of CVD
Patients with CVD display impaired functional capacity [2, 36] and diminished HRQL [9, 10,
37, 38Ǿǯȱȱ¢ȱȱǰȱ ȱǰȱȱȱǰȱȱȱȱęȱ
of the disease are usually correlated [39].
The impact of CVD on HRQL is primarily seen in the physical items and in the emotional
domain, but in its severest stages (presence of venous ulcers) the mental dimension might also
become involved [9]. The impact of severe CVD in HRQL is similar to that of other chronic
diseases, such as diabetes, cancer, chronic pulmonary disease, and heart failure [9].
Most of chronic leg ulcers are venous in origin [40]. Patients with venous ulcer present severe
pain, which is in relationship with impaired tissue healing ability, diminished HRQL, lowered self-esteem, and poor social interactions [2Ǿǯȱȱ¢ȱěȱȱȱ¢ȱȱȱ
strictly related with ulceration itself but can else be associated with the symptoms caused by
ȱ¢ȱȱ ȱǻŞŖǯśȬŜşǯŚƖǼǰȱȱȱȱȱȱǻŜŜǯŝƖǼǰȱȱȱ
sleep (66.6%), functional impairment (58.3%), and disappointment with treatment outcomes
(50%) [2]. Also, patients with uncomplicated varicose veins often have severe symptoms
ȱ ¢ȱ ěȱ ȱ ǰȱ ¢ȱ ȱ ȱ ¢ȱ ȱ ȱ ǰȱ ȱ ȱ
view that this disease is mostly an aesthetic problem [8]. Estimates indicate that near 30% of
patients with symptomatic varicose veins, who may not have had their clinical venous condition diagnosed or treated, display symptoms suggestive of a depressive illness [41].
In this disease, 49% of men and 62% of women have symptoms related to CVD [33Ǿǰȱȱǰȱ
itching, tingling, cramps, restless legs, swelling, heaviness, and fatigue [3, 8]. A recent survey
ȱ ȱ ŗŚǯşƖȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ Ȧȱ ȱ ȱ
related to CVD [42].
The number of symptoms reported by patients with CVD varies but are usually several [4, 5,
8]. Importantly, the number and severity of symptoms are not strictly related to CVD severity and, sometimes, strong symptoms, and those that have the largest impact on HRQL, are
present in less severe cases [8]. Nevertheless, despite possible indication for surgery, some
studies suggest that the majority of the symptoms in patients with varicose veins are nonvenous related [5Ǿǯȱ ǰȱȱȱ¢ȱĜȱȱȱȱȱȱȱȱ
symptoms in CVD [6].
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Several studies show the presence of both neuropathic and nociceptive pain in patients with
CVD [4, 43Ǿǯȱǰȱȱ ȱȱ¢ȱȱȱȱȱȱȱ
ĜȱȱȱȱȬȱȱǽ43, 44].
Approximately one-third of people with CVD report to be a burden going out of home and
participating in social events, and that they avoid wearing clothes exposing their legs or going
on vacations to very warm places [42]. According to self-reports, functional status is diminished in these patients [36, 39Ǿȱȱȱȱȱ¢ȱ¢ǰȱȱties in gait [45], impaired balance, peripheral neuropathy [43, 46Ǿȱ ȱȱȱǻȱ
Ě¡ȱȱĚ¡ȱǼȱǽ29, 30, 45Ǿǰȱȱȱȱȱȱȱǽ10, 30,
47]. These dysfunctions are also associated with impaired muscle pump function in the lower
extremity [43Ǿǰȱȱȱȱȱȱȱȱǽ48].
2.3. Socioeconomic impact of CVD
ȱȱȱȱęȱȱǰȱ¢ȱȱȱȱ¢ǯȱȱȱȱ
ǰȱȱȬȱȱĚȬȱȱȱǰȱȱȱȱ
hospital stay decreased, possibly as a result of poor advancements in prevention and treatment of this disease [49Ǿǯȱ ȱȱȱȱŚǯŜȱȱȱ ȱ¢ȱȱ¢ȱȱȱȱ
a result of CVD [40]. Painful leg ulcers, the odor, the dressing, the frequent need for treatment, with their associated restrictions and social isolation result in a heavy psychosocial
burden [50]. In severe CVD, venous ulcers require wound care, compression, chemical and
mechanical debridement, and, in frequent cases, antibiotic therapy [49]. While ulcer treatment
ȱ¢ȱȱȱȱĴǰȱȱȱ¢ȱȱȱȱ¢ȱȱ
hospitalization [40]. Western European countries spend 1.5-2% of their annual health budget
in the treatment of this disease [51]. The economic burden is not just associated with clinical
ȱȱȱǰȱȱȱ ȱȱǰȱȱȱ ȱȱȱȱȱ
family, and physiological impairment related to analgesic and antibiotic use [49]. Limb amputation is a radical outcome of this disease, although in many of cases these are also related
to comorbidities, for instance diabetes and arterial vascular disease [49Ǿǯȱ ȱ ȱ
complications, such as hemorrhage, thrombosis and pulmonary embolism, also compound
ȱ¢ȱęȱȱȱȱǽ42]. Deep venous thrombosis may cause chronic conȱȱȬȱ¢ȱȱǰȱȱȱȱȱȱȱǽ49].
Preventing deep venous thrombosis and complications is one of the most important aims for
reducing socio-economic burden associated to CVD [49].
The chronic nature of the problem results in long-term costs and the frequent recurrences,
ȱ ȱ ȱ ȱ ěȱ ȱ ȱ ǰȱ ȱ ¡ȱ ȱ ȱ ȱ ȱ
disease [40].
ȱȱǰȱȱĜ¢ȱȱȱȱȱȱȱȱ¢ȱǰȱȱ
should be combined with other strategies, such as the use of elastic garment compression [33].
Similar procedures are recommended following surgery and sclerotherapy, in which cases
post-operative compression therapy and health education are crucial for treatment success
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[42, 52Ǿǯȱȱȱȱȱȱȱ ȱȱȱȱȱȱȱ
ȱ¢ȱȱȱǰȱȱȱȱȱȱȱ¢ȱ ǰȱ¢ȱȱǻĴȱȱǼǰȱ¢ǰȱǰȱ¢ȱȱ¢ȱȱǻǯǯǰȱ¢ȱ¢Ǽȱ
[1, 37, 42, 49, 53]. Also important, advice regarding behavioral changes, engaging in so-called
ȱ ¡ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ěȱ ȱ ȱ
patients [42Ǿǯȱ Ĵȱȱȱȱȱȱȱȱȱȱȱȱ
for preventing and managing CVD [42].
Because of the wide spectrum of factors that cause functional impairment in these patients
and the high costs of treatment [2, 3, 8], the prevention of CVD by educational and prophylacȱȱȱȱ ȱȱȱ¢ȱȬěǰȱ¢ȱȱȱsion to the last stages [49, 54].

3. Pathophysiology of CDV
ȱŜŖƖȱȱȱȱĚ ȱȱȱȱȱ¢ǰȱȱ¢ȱȱȱȱȱ ȱȱ
and in the cutaneous circulation, and near 20-25% occupies the splanchnic circulation [55].
The venous system returns the blood to the heart and is a low-pressure, slow-velocity, largevolume and low-resistance vascular system [1]. Venous return results from the interaction
ȱȱǰȱȱȱȱȱǻ¢ȱ¢ȱȱǼǰȱȱȱent, a peripheral venous pump, and veins valvular system [43]. The venous volume in the
 ȱȱȱȱȱȱȱȱ ȱȱȱȱĚȱȱȱ
 ȱȱĚ ȱȱĚ ȱǽ1].
ȱȱȱ¢ȱȱ¢ǰȱȱĜ¢ǰȱȦȱȱĚ¡ȱǽ56–58].
ȱ¢ȱȱȱȱ¢ȱĚ ȱȱǽ57Ǿȱȱȱěȱȱ
ęǰȱǰȱȱȱȱǽ3, 58Ǿǯȱ Ĝȱ¢ȱȱȱȱ¢tion of calf muscle pump are very often associated with this disease [59]. Venous hypertension
ȱȱȱȱǻȱȱǼǰȱ¢ȱǻǰȱĚ¡ǰȱǼǰȱȱǻȱȱȱȱȱȱȱȱǼȱȱȱȱǻ¢ȬȱȱĚǼȱǽ57, 58].
The exact mechanisms behind the development of CVD are not clear yet [57, 60]. The major
¢ȱȱȱȱȱȱ¢ȱȱȱǰȱȱĚȱȱȱȂȱ ȱȱȱȱǰȱ ȱĚǰȱȱȱȱǰȱ
ȱȱȱȱȱȱǰȱȱȱǰȱȱ¢ǰȱȱȱęȱǻǼǰȱȱȱȱȱȱǽ20, 51, 57,
59] in the most severe cases [60].
Venous obstruction occurs because of the triad: blood stasis, changes in the vessel wall, and
hypercoagulability [61Ǿǯȱȱ¢ȱȱȱȱȱǻȱȱęȱȱ¢tem) or as deep venous thrombosis (obstructions of deep venous system), and can be diagnosed
as acute or chronic [12]. The acute deep venous thrombosis may cause nociceptive pain, swellȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ęȱ ¢ȱ
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venous ultrasonography [57]. The ensuing venous hypertension then opposes venous return,
leading to luminal hypoxemia and vein wall distension, which impairs perfusion and causes
ȱ¢¡ȱȱ¢ȱȱȱȱȂȱȱǽ61]. A progressive remodeling
ȱȱȱȱȱȱ¢¡ȬȱȦ¢ȱ ȱ¢ǰȱ¢ȱȱȱǰȱȱȱȱ¢ȱȱĚ ǰȱȱȱ
ȱȱȱȱȱȱǻȱȱȱǼȱǽ62].
¢ǰȱ ȱ Ě¡ȱ ȱ ȱ ȱ ȱ ǽ57]. Following obstruction, venous
£ȱ ȱ ȱ ȱ Ě ȱ ȱ ȱ ȱ ȱ ȱ ǽ61]. However, lysis of
ȱȱȱȱȱ¢ȱ¢ȱȱȱȱȱȱȱȱęȱȱ¢ȱ¢ȱȱȱȱȱȱǰȱȱ¡ȱȱĚȱǽ61].
Collateral blood circulation may develop in these cases and obstruction may be overcome
[57]. Sometimes, calf perforating veins may be an important collateral venous path when the
popliteal vein is involved, causing CVD of a secondary etiology [57].
The initial hypertension in CVD may also be caused by valvular incompetence alone [60].
Varicose veins may result from endothelial changes (reduced elastin and smooth muscle conǰȱ ȱ ȱ ȱ Ǽȱ ȱ ȱ ¢¡ǰȱ ȱ ȱ ȱ
tone [60Ǿǯȱ ȱ ȱ ȱ  ȱ ȱ ǽ63], decrease energy for cell
metabolism and increased lysossomal activity [64].
3.1. Etiology and anatomical location of CVD
The etiology of CVD can be described as primary, secondary (post-thrombosis) or congenital
[13ǾǯȱȱĚ¡ȱȱȱȱ¢ȱȱȱǰȱȱ¢ȱȱȱȱȱȱȱȱȱ¡ȱȱĚ¡ȱȱȱǽ58]. It seems that 80% of cases
of CVD have a secondary etiology of post-thrombotic pathology, and 20% are of primary
cause, as a result of valvular incompetence [57].
ȱȱęȱ¢ǰȱȱĜ¢ȱȱȱȱȱȱȱȱ¢ȱ¡ȱ
ȱȱȱȱ ȱȱǰȱȱȱȱȱȱȱ¢ǰȱ¡ȱȱ
ȱȱ¢ȱȱěȱȱȱ¢ȱǰȱȱ¢ȱȱȱ
obstruction (i.e., phlebitis) [33, 59, 65, 66ǾǯȱȱȱȱȱǻęȱǼȱ¢ȱ
ȱęȱȱǰȱȱȱȱȱȱȱȱǽ59].
ȱȱ¢ȱȱȱȱȱȱęȱȱȱȱ¢ȱ
 ȱǽ57Ǿǰȱȱȱȱęȱȱȱȱȱȱȱȱȱ ȱȱ
by increased collagen content and decreased amount of elastin and smooth muscle, leading to
ȱȱȱȱ¡ǰȱȱĜ¢ȱȱǽ57].
ȱȱȱȱȱȱĜȱ¢ȱ¢ȱȱȱȱȱȱ
secondary to venous obstruction [67Ǿǯȱ ȱȱǰȱȱȱĚ¡ȱȱȱȱęȱ
ȱ¢Ǳȱ ȱȱȱȱĚ¡ȱȱȱȱ¢ȱ ȱȱȬ¢ȱ
of venous blood to the deep venous system [67]. In the case of secondary incompetence, the
ȱȱȱȱĴȱȱęȱǰȱȱȱȱȱ
ȱȱȱȱęȱȱȱȱȱǽ57, 67].
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ȱȱĜ¢ȱȱȱȱȱȱȱȱȱȱȱȱ
in the majority of cases, i.e., from secondary etiology [59]. However, primary deep venous
incompetence is also common (8-22% of the cases [12]) but is usually compensated by a strong
muscle [12, 57Ǿǯȱ ȱȱȱĚ ȱȱȱĚ¡ȱȱ¢ȱȱȱ¢ȱ
cause deep vein thrombosis and these two alterations together increase the probability of the
development of post-thrombotic syndrome [12, 61].
Deep venous thrombosis may also occur because of an intrinsic venous process, such as a
previous deep venous thrombosis episode with inadequate recanalization or venous stenosis,
or because of extrinsic compression, as in May-Thurner syndrome [66]. Also, it can be caused
by venous agenesis, such as in the Klippel-Trenaunay syndrome, trauma, surgical mishap,
and tumors [57].
Congenital CVD, in which case the condition is already present at birth, also exist. However,
this might be recognized only later in life, such as in the cases of the Klippel-Trenaunay (varicosities and venous malformations, capillary malformation, and limb hypertrophy) [33] and
Ȭȱǻȱȱ¢ȱǰȱ¢ȱǰȱȱȱęǼȱ¢ȱǽ66].

4. Venous edema and Lymphedema
CVD is the most common cause of edema with age 50 and over [68]. The venous edema is
a very common clinical manifestation of CVD, particularly in C3 to C6 classes [68–72]. The
chronic venous edema may blunt the metabolic and immunological capacity of tissues, thus
ȱȱȱȱȱȱȱǽ72]. Venous edema occurs when there is an imbalȱ  ȱ ȱ ęȱ ȱ ȱ ȱ ¢ȱ ȱ ǽ19]. About
şŖƖȱȱ¢ȱęȱǻǰȱǰȱȱȱǼȱȱȱȱȱȱ
blood, and the remaining 10% is reabsorbed by the lymphatic circulation [20, 73]. In CVD,
ȱęȱȱȱȱȱȱȱȱ¢ȱȱȱȱ
ȱ¢ȱȱȱĚȱǽ19, 73]. In these conditions, venous edema may
occur [19, 20ǾǯȱȱȱȱĴȱȱȱȱ ȱȱȱ¢ȱȱȱȱ
sleeping because of the lying position and leg elevation. Usually, this edema is accompanied
by venous symptoms and signs [19, 20]. Clinically, venous edema is perceived as an increase
ȱĚȱȱȱȱȱȱȱǰȱ¢ȱȱ¢ȱȱ
[13Ǿǯȱȱȱ¢ȱȱȱȱȱǰȱȱ¢ȱ¡ȱȱȱȱȱ
foot [13].
The principal physiological function of the lymphatic circulation is to guarantee homeostaȱ ȱȱȱȱȱĚȱȱǽ74] and this requires that the
¢ȱ¢ȱȱȱ¡ȱȱęȱȱȱȱ¢ȱȱǽ19].
¢ȱȱȱȱȱ ȱȱȱȱȱȱȱȱĚȱȱȱȱ
ǰȱ ȱ ȱ ȱ ȱ ȱ Ě¢ȱ ǰȱ ęǰȱ  ȱ ȱ ȱ
and connective tissue, and other symptoms that characterize the lymphedema [74]. There is
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some evidence of lymphatic failure in venous disease. For example, studies with lymphoscintigraphy, reveal that in post thrombotic syndrome the subfascial lymphatic drainage is
reduced that may explain edema and lipodermatoesclerosis seen in this situations. Also,
patients with ulcer have reduced lymphatic drainage, suggesting that lymphedema is a contributing factor to ulceration [19]. Approximately 20- 30% of individuals with CDV have
¡ȱȱǻ ȱȱȱ¢ȱǼǰȱȱȱĚȱȱȱȱ
cellulitis [70].
ȱȱȱǰȱȱ¢ȱ¢ȱȱęȱȱ¢ȱǻȱȱ¢Ǽȱ
and secondary (acquire) forms [74Ǿǯȱȱȱȱȱȱ ȱȱ ȱȱ¢ȱ
lymphatic dysfunction but when edema is present in these patients, there is the tendency to
misdiagnosis it as primary lymphedema [20].
ȱȱȱȱȱȱȱȱǰȱȱȱȱȱȱȱȱǰȱȱǰȱ
ȱȱȱȬĴȱȱ¢ȱǽ33]. In these cases, it is assumed that a lymphatic compromise exists [33Ǿǯȱȱ¢ȱȱ¢ȱȱȱȱ¡ȱęǰȱȱ
¢ȱȱȱěȱȱ ȱȱǻ¢¢Ǽǰȱȱȱȱ
Ěȱȱ¢ȱȱȱȱȱǽ20, 66]. Therefore, venous
ȱ ȱ ȱ ȱ ȱ ȱ ¢ǰȱ ȱ ȬĴȱ ȱ ȱ ȱ
¢ǰȱǰȱȱȱȱȱȱȱȱȱȱȱȱder of the foot [19]. Clinically, this secondary lymphedema may decrease with limb elevation
initially, but with time patients will refer aggravation of swelling in the morning and after the
night sleep because an increased osmotic pressure in the interstitial space caused by protein
blood extravasation [19].

5. Muscle Pump Function and dysfunction
ȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ
action of a central pump (heart and respiratory cycle), periphery venous pump, a pressure
gradient, and competent veins and/or venous valves [43, 75].
ȱȱȱȱȱȱ¢ȱěȱȱȱȱȱȱlation on venous circulation, which is twofold: (I) to enhance venous return from the lower
¡¢ǰȱȱǻ ǼȱȱȱȱȱĚ ȱȱȱȱȱȱȱ
contractile activity [43, 57Ǿǯȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ěȱ
ȱȱȱȱȱ¢ȱȱ ȱȱȱǰȱȱǰȱcles of the calf and venous valves [43, 57].
During muscle contractions, the venous blood is forced in direction to the heart and the valves
ȱĚ¡ȱȱ¡ȱǽ27, 48, 76]. As deep veins are tethered to surrounding tissues, muscle relaxation causes the veins to open, lead to a sudden drop in pressure within
these vessels [58, 77, 78]. The large pressure gradient caused by the drop in deep veins hydroȱȱȱȱĚ ȱȱęȱȱȱȱȱȱǰȱ
ȱęȱȱȱȱȱȱĚ ȱǽ43, 57].
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The basic concept of muscle pump operation is that the steep increase in intramuscular pressure that accompanies contraction compresses the deep inner muscle veins and veins in
the nearby inter-compartmental spaces, expressing the blood across the unidirectional vein
ǯȱȱȱ¡ǰȱȱȱȱȱ ȱȱĚ ȱ
is prevented by the rapid closure of vein valves. Vein walls are tethered to the surrounding
muscles and, therefore, veins are forced to open during muscle relaxation, resulting in large
ȱȱ¢ȱȱȱȱȱǰȱȱȱȱȱȱĚ ȱȱęȱ¢ȱȱȱȱǯȱȱȱȱȱȱ
to the muscle pump action also raises perfusion pressure, thus leading to an increase in blood
Ě ȱȱȱǯȱȱȱ¢ȱȱȱǰȱȱĜ¢ȱȱȱȱȱ
relies on multiple factors and shows wide variation even among people free from venous
dysfunction [79].
Ambulatory venous pressure (AVP) and air plethysmography are gold standard methods
for evaluating muscle pump function (usually the foot and calf pumps together) [80, 81]. For
ambulatory venous pressure, the conventional procedure measures the intravascular hydroȱȱȱȱȱȱǰȱ ȱȱȱȱȱ¡¢ȱȱȱȱȱȱ
veins of the lower extremity. The percentage decrease in AVP shows large variability even in
healthy control subjects. In a group of CVI participants, AVP decreased by approximately 75%
ȱȱȱȱȱȱ¡ȱȱȱȱǰȱ ȱȱěȱȱȱȱȱȱȱ ȱȱ ȱěȱ ȱȱǽ80]. However, compared
to healthy groups (CEAP C0 class), CVI groups show a percentage AVP decrease that on average is only approximately 35% in CEAP classes C4…C5, a value that is half of that for participants in C0 class [79]. Surely, the percentage AVP decrease plus the basal venous hydrostatic
pressure at foot level determine the ambulatory drop in hydrostatic pressure in dorsal foot
veins. In healthy people, the large percentage fall in AVP combines with normal basal hydrostatic venous pressure, so that in such cases mean AVP lowers to around 30 mmHg, contrasting with mean AVP values >55 mmHg in C4-C6 clinical groups [79]. The AVP pressure has
ȱ¢ȱȱȱ ȱȱǰȱ ȱȱȱȱȱȱ
linearly with ambulatory venous hypertension. According to Nicolaides et al. [82], in a cohort
of 220 CVI patients the incidence of venous-related ulcers was 0% when AVP levels were <30
 ȱȱĴȱŗŖŖƖȱ ȱȱǁşŖȱ ǯ
The magnitude of decrease in AVP is determined by the amount of blood expressed by the
ȱȱȱȱ¢ȱȱȱȱęǯȱȱȱȱȱȱȱȱ
ȱȱşŖƖȱȱȱȱǰȱȱȱȱȱ¢ȱȱǻşŖǼǰȱȱ¢ȱ
ȱ ȱȱĜ¢ȱ¢ǰȱȱȱȱǁŘŖȱȱȱ¢ȱȱȱȱ
those with mild venous disease, lowering to approximately 2 s in severe clinical cases [79, 80].
ȱȱǰȱşŖȱȱȱȱȱȱȱȱȱȱǽ79]. Data obtained with
ȱ¢¢ȱȱęȱȱȱȱȱȱę¢ȱȱ ǯȱȱ
ȱ ȱ ȱ ¢¢ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ęȱ ¡ȱ ȱ
90% of the basal volume, the residual volume fraction, and the venous volume [80, 83][9,12].
ȱȱȱȱěȱȱȱȱȱȱ¢ȱȱȱ
disability associated with chronic venous disease. The action of the muscle pump in moving
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venous blood centrally is well described and relies on an imbricate relationship between anatomical and biophysical/physiological factors of at least three separate muscle pumps: the foot,
the calf, and the thigh muscle pumps thigh [57, 84]. The calf pump is the most important of the
three, as a result of its larger capacitance and highest pressure-generating ability. Together, the
foot, calf, and thigh muscle pumps assure near 90% of the venous return in the deep venous
system of the leg [85].
5.1. Thigh muscle pump
The calf muscles, and possibly the thigh muscles, act as a pump, also called as “peripheral
heart”, which can generate pressures of up to 300 mm Hg during exercise [86]. Nevertheless,
ȱȱȱȱȱȱȱȱȱȱȱěȱȱȱǰȱȱ
to calf muscle pump [43, 57, 84].
The thigh muscle pump may be separated in a posterior division that includes mostly the
semimembranous muscle, and an anterior division made up by veins from the quadriceps
femoris muscle [32]. The veins inside the semimembranous muscle form longitudinal plexus
that are connected in the lower part of the muscle with the popliteal vein and with the deep
ȱȱ ǯȱȱȱȂȱȱȱȱȱȱȱȱȱȱ
the deep femoral vein to end into the common femoral vein near the root of the thigh. The
venous valves of thigh veins may not be entirely competent thus allowing variations in the
volume of the thigh venous reservoir to occur with posture changes [84].

5.2. Calf muscle pump
The calf muscle pump is in sequence with the foot pump is the most important muscle pump
in the human circulatory system [27, 87]. The calf muscle pump is associated with the strong
ȱȱȱȱȱȱȱȱ ȱǱȱȱęȱȱȱȱȱȱ
muscle (leg pump) and its veins, and a second unit situated in the upper leg region and composed by the gastrocnemius muscle and respective veins (popliteal pump) [88]. The veins in
the soleus are organized in a lateral larger group and in a medial one. The lateral veins are
ǰȱȱ¢ȱȱȱȱȱęȱȱȱȱȱȱȱȱȱ
muscle. The majority of the medial veins drain horizontally into the posterior tibial veins at
ěȱȱȱȱȱȱ ȱȱ¢ȱȱ¢ȱȱȱȱęȱǯȱȱ
ȱȱȱȱȱȱȱȱȱȱȱ ȱȱȱȱȱ
then giving origin to a number of pedicles that run upwards through the calf to terminate in
a single collector draining into the popliteal vein. Through this collector the gastrocnemius
pump powerfully ejects the blood into the popliteal vein, and anatomical variations in this
ȱȱȱȱěȱȱȱȱĜ¢ȱǽ88]. Calf muscles contraction can eleȱȱȱȱ¡¢ȱŗŚŖȱȱ ȱȱȱȱȱĚ ȱȱȱ
popliteal and the femoral veins [32]. In competent veins, the centrifugal component during
muscle relaxation lasts approximately 200 to 300 milliseconds and represents the physiologiȱĚ¡ǰȱȱȱȱȱȱ¡ȱśŖŖȱȱǽ32].
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ȱĜȱȱȱȱȱǻǼȱǻȱ¢ȱȱȱȱ
ȱǼȱȱȱȱȱ ȱȱĚǰȱȱȱ¡¢ȱ¢ǰȱȱǰȱ¢ęȱ¢ȱǻȱęȱ¢ȱ ȱȱ Ǽȱȱȱȱ
[28, 29Ǿǯȱȱ¢ȱ¢ȱȱȱǯȱǽ89ǾȱȱȱȱĜ¢ȱȱ¢ȱ¡ȱ
ȱǰȱȱȱęȱȱȱȱȱȱ¢ȱȱȱȬȱ
ȱȱȱǯȱȱȱ ȱȱ¢ȱǰȱ¢ȱ¡ȱȱȱ
pump, can prevent the most severe forms of CVD [14, 90]. The important role of CMPF on
the progression of CVD is well established, but in many individual cases impaired calf pump
function may go undetected until most severe changes become evident [91]. Therefore, assessable, accurate and non-invasive methods to evaluate CMPF are needed [30, 59, 90–92].
5.3. Foot muscle pump
The deep venous system of the foot forms a venous plexus that is composed by a lateral
vein, a medial vein, and a deep plantar arch. The lateral and medial plantar veins are usually
doubled and course either intramuscularly or in between the plantar muscles from a lateral
ȱ¢ȱȱȱȱȱȱȱǰȱ ȱ¢ȱȱȱȱȱrior tibial veins [93]. The deep plantar arch and the lateral and medial plantar veins receive
ȱȱęȱȱȱȱȱȱȱȱȱȱȱȱȱȱǽ85,
93Ǿǯȱȱȱȱȱ¢ȱȱȱ ȱȱęȱȱȱȱȱȱ
ȱȱȱȱȱǯȱȱȱ ȱȱ ȱȱ¢ȱȱ¢ȱ
well developed between the medial plantar vein and the medial marginal vein , forming what
has been named the “medial functional unit”, which possesses the unique feature of blood
Ě ȱȱȱȱȱȱęȱȱǽ85, 94].
The physiology of the foot pump is still not totally clear. The anatomical design of the deep
ȱ¢ǰȱ£ȱ¢ȱȱȱȱȱȱĚȱȱ¢ȱȱȱ
together by connective tissue, and by the close relation between these veins, the plantar musȱȱȱȱǰȱȱ ȱȱȱȱȱȱĚ ȱȱ
weight bearing and ambulation. These imply that the foot pump expels the blood through a
double mechanism: contact of the foot with the ground, resulting in extension of the tarsal
arch and metatarsophalangeal joints associated with compression of the deep veins and the
calcaneous plexus, and by contraction of the plantar muscles surrounding the blood reservoir
of the deep venous system [88, 93–95]. The foot pump empties during the stance phase of the
ǰȱȱȱȱȱ Ȭǰȱȱȱěȱǰȱȱęȱȱȱ ȱǰȱ
when the foot is cleared from ground contact. Through its mechanisms, this pump moves
25–30 mL of blood, equal to the capacity of the deep medial and lateral plantar veins [94].
ȱěȱȱȱȱȱȱȱĴȱȱȱȱȱȱ
ȱȱȱȱȱȱȱ¢ȱȱȱȱȱ¢ȱȱĜ¢ȱȱȱȱ
pump [96].
ȱ ȱȱǻ ȱȱȱȱǼǰȱ ǰȱȱȱ ȱ¢¢ǰȱ ȱȱȱȱęȱȱ ȱ¢ȱȱȱȱȱȱ
contractions at the foot [93Ǿǯȱȱ ȱěȱȱȱȱ¢ȱȱȱȱ
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during the stance phase of the gait cycle, but would be active ats [93]. Also, certain clinical
ȱȱȱȱȱ¡ȱ¢ȱȱĚȱ ȱȱȱȱȱȱȱ
and the leg pumps [97Ǿǯȱȱ ȱȱȱȱȱȱ ȱȱȱȱ
during contraction/relaxation as a mechanism for venous return is still quite poor [57].
5.4. Impairment of calf muscle pump and functional capacity
ȱȱȱ¢ȱȱȱȱ¢ȱ ȱȱȱȱȱ¢ȱȱȱ
ȱȱȱȱȱȱȱȱȱȱȱ ȱȱȱments [30, 75, 78, 98], neuropathy, muscle denervation or muscle atrophy, or gait abnormalities [29, 36, 43].
ȱȱ¢ȱȱȱȱȱ¢ȱǽ36]. Distal leg muscles may exhibit reducȱȱȱȱ ȱ ȱǰȱȱȱěȱ ǰȱǰȱȱȱȱ
ȱȱȱǽ99Ǿǯȱ ȱȱȱȱȱȱȱ ȱȱǽ100]. The
 ȱȱ¢ȱĚ¡ȱȱȱȱȱȱȱ¢ȱȱ ȱȱ
in community-dwelling older women in terms of their ability to get up from and sit down on
a chair and climb stairs [100ǾǯȱĚ¡ȱȱȱȱ ȱȱȱ¢ȱȱ
to both preferred gait speed and fast gait speed [100].
ȱ ȱȱȱȱȱȱȱȱǽ36, 45, 47, 78, 98Ǿǯȱȱȱ
mobility tends to aggravate as CVD progresses and in parallel with increasing severity of
symptoms, thus further contributing to a poor CMPF [78, 98Ǿǯȱȱ ȱȱȱ
ȱȱǰȱȱȱȱȱȱȱȱȱȱĚ¡ȱǽ30, 75],
ȱȱȱǰȱ ȱ¢ȱǽ36], muscle resistance (number of heel rises) [45],
ȱȱ ȱȱ¢ȱȱȱĚ¡ȱǽ75Ǿǯȱȱȱȱciated with CVD include decreased gait speed [36, 45Ǿǰȱȱȱȱȱȱ ȱ
(in venous ulcer patients) [101], and generally impaired functional capacity and mobility [36].
ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
higher at the midfoot and lower at the toes [43].
These functional alterations, specially the decreased strength of the calf muscles and reduced
ambulation, contribute to venous hypertension [30, 43, 46, 47, 57, 98]. Dysfunction of the musȱȱȱȱȱȱȱȱě¢ȱȱȱȱȱȱ¡¢ȱǽ30].
This rarely occurs as a “primary” disorder in neuromuscular conditions or muscle wasting
¢ǲȱ ǰȱ¢ȱęȱȱȱ¢ȱȱȱȱȱ
Ě¡ȱȱȱǽ92]. Muscle pump dysfunction appears to be a major mechanism for
ȱȱȱęȱȱȱȱȱǰȱȱȱȱ
ulcers, and around 70% of patients with venous ulcer present calf muscle pump dysfunction
[48, 66, 89, 91, 102].
ȱȱĚ ȱȱȱȱȱȱȱȱ ȱȱ ȱ
ǯȱ ȱ ȱ Ě ȱ ȱ ȱ ¡ȱ ȱ ȱ ęȱ ȱ ȱ ȱ Ȭȱ ȱ
of ten repetitions when the venous reservoir is full [103]. In the CVD patients, but not in
ȱ¢ȱǰȱȱĚ ȱȱ ȱȱȱȱȱȱȱȬȱ
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exercise [104Ǿǯȱȱȱȱȱ¢ȱȱȱȱȱ ȱȱȱȱ
CVD patients [29, 30] and is compatible with a lower ejection volume, such as has been measured before in this population with air-plethysmography [92]. In addition, abnormal venous
ȱĚ¡ȱȱȱȱęȱȱ¢ȱȱȱȱȱ
¢ȱȱȱĚ ȱȱȱȱȱǽ104].
ǰȱȱȱȱȱȱ£ȱȱȱȱȱȱȱȱĜ¢ȱȱȱ
to pump venous blood during contractions in patients with venous ulcer [105]. Also, gasȱȱȱȱȱȱȱǰȱȱȱǰȱȱ
similar in patients with low to moderate CVD severity and healthy participants, and seem
unrelated with the severity of CVD [104]. Despite this fact, for the medial gastrocnemius, a
 ȱȱȱǻȱȱȱȱǰȱȱȱǼȱȱ
ȱ ȱȱȱȱȱȱȱĚ ȱ¢ȱȱȱȱȱȱȬȱ
movement [104].

Ŝǯȱȱȱȱȱȱȱǻȱęǰȱ
VCSS)
Ŝǯŗǯȱȱę
ȱȬȱǰȱȱȱȱȱȱęǰȱȱnient, easily evaluated, and relevant [15].
ȱȱęȱ ȱȱȱȱȱȱȱ¢ȱȱȱ
ęȱȱǽ13Ǿǯȱȱȱęȱ ȱȱȱŗǼȱȱȱǻǼǰȱ
2) etiologic factors (E), described as congenital, primary, secondary (post-thrombotic), 3) anaȱȱȱȱǻǼǰȱȱȱȱȱȱęǰȱȱȱȱǰȱ
ȱŚǼȱ¢ȱ¢ȱęȱǻǼǰȱȱȱĚ¡ǰȱȱȱȱĚ¡ȱ
and obstruction [13]. Subscripts are applied to designate S (symptomatic) from A (asymptomatic) limbs [65]. According to CEAP, there are six CVD categories that range from C0 to C6
[13, 65]. Also, the N subscript indicates no evidence of disease and is applicable to E, A, and/
or P of CEAP [13, 65].
The C0 represents those individuals with objective evidence of venous disease (i.e., E, A, and/
or P), but with no clinical manifestations. The C1 is characterized by the presence of telangiectasia or reticular veins (< 3mm in diameter). In the C2 class varicose veins (> 3 mm in diameter) are present. The C3 distinguishes itself from the preceding categories by the presence
of edema of venous etiology. In the C4ȱǰȱȱȱ ȱȱȱǰȱȱ4a, for
pigmentation and/or eczema, and C4b, for lipodermatosclerosis and/or white atrophy. Classes
C5 and C6 are associated with the occurrence of venous ulcers: the C5 corresponds to cases of
prior ulceration that healed, and C6 to cases with active venous ulcers [13, 65].
Reticular veins, also called blue veins, subdermal varices, and venulectasies, are dilated subdermal veins, usually 1 mm to less than 3 mm in diameter and with tortuous paths [13].
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ǰȱȱȱȱǰȱ¢ȱ ǰȱȱȱǰȱȱȱĚence of dilated intradermal venules less than 1 mm in caliber [13].
According to the guidelines, varicose veins (also called varix, varices, and varicosities [13])
should be palpable in an upright position and represent abnormal veins with at least 3 mm in
diameter, [3, 13, 33Ǿǯȱȱȱȱȱȱȱȱȱȱ¢ȱȱ¢ȱĚ¡ȱ
and/or obstruction, as discussed before [12, 57].
The development of varicose veins most frequently involves the saphenous veins, saphenous
ǰȱȱȱęȱȱȱǽ13]. Varicose veins are usually tortuous,
ȱ ȱ ȱ ȱ ȱ ȱ Ě¡ȱ ¢ȱ ȱ ęȱ ȱ ȱ ȱ
[13ǾǯȱȱȱǰȱȱȱȱĚȱȱȱĚǰȱȱ¢ȱ ȱȱ
an early sign of CVD, and designates the accumulation of numerous small intradermal veins
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱǽ13].
ȱȱȱȱȱĴȱȱȱȱ ȱȱȱ¢ȱȱȱȱȱ
improves at night with decrease hydrostatic pressure , accomplished for example in supine
position and lower limb elevation, and usually is accompanied with venous symptoms and
signs [19, 20].
ȱȱȱȱȱȱȱȱȱȱȱ ȱǽ13]. This
results from extravasation of red blood cells into the interstitial space [57]. Blood extravasaȱȱȱȱȱȱȱȱȱǰȱȱ¢ȱȱȱȱȱȱ
leg and foot [13, 106].
ȱȱǻ ȱ¢Ǽȱȱȱȱȱȱȱȱǰȱȱȱ
not be confused with healed venous ulcers, is usually well localized. and has the shape of a
ȱ ȱȱȱȱȱ¢ȱȱȱȱȱ¢ȱ¢pigmentation [13, 106].
Lipodermatosclerosis is also clinical sign of tissue induration, characterized by local chronic
Ěȱȱęȱȱȱȱȱȱȱȱ ȱȱȱȱȱǻȱ
ȱ ȱ ȱ Ǽǰȱ ȱ ȱ ¢ȱ ěȱ Ě¢ȱ ȱ
ȱȱǰȱ ȱ¢ȱȱȱȱ ȱȱȱȱȱȱ¢ȱǽ13, 106].
¢ǰȱȱȱȱěȱȱ¢ǰȱ¢ǰȱȱȱ¢ȱȱ¢ȱěȱȱȱȱ¢ȱȱȱǽ13].
ȱ £ȱ ȱ ȱ Ěȱ ǰȱ ¢ȱ ǰȱ ȱ ¢ȱ ȱ ȱ
ǰȱ ǰȱȱȱȱȱȱȱǰȱȱ¢ȱȱȱ¢ ȱȱȱ
leg [13, 106]. Eczema is very frequent in uncontrolled CVD, but may also be associated to
sensitization to local therapy [13].
ȱȱȱȱ ȱȱȱȱȱȱȱȱȱȱ¢ȱȱȱǰȱ
ȱȱȬȱȱȱȱȱ¢ȱȱȱȱȱǽ13], at the site
of major perforating veins and the greatest hydrostatic pressure [66]. Venous ulcers are also
characterized by failure to heal spontaneously and are sustained by CVD [13].
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ȱ ȱ ęȱ ȱ ȱ ȱ ȱ ȱ ęȱ ȱ ȱ ȱ ȱ
today and its use is recommended by the relevant guidelines [33]. Nevertheless, for proper
ȱȱȱȱȱȱȱȱȱȱǱȱȱȱęȱȱȱȱ
ȱ¢ȱęǰȱ2ȱ£ȱȱȱȱȱǰȱȱ3ȱȱ¢ȱȱĜȱ
to separate between venous and other reasons for edema, and corona phlebectatica is not
ȱȱȱęȱǽ107Ǿǯȱȱȱȱȱȱęȱ¢ȱȱȱ
ȱȱȬ¡ȱęȱǽ107Ǿǯȱ¢ȱȱȱęȱ¢ǰȱȱ
ȱ ȱęȱȱȱ¢ȱȱȱęȱǰȱȱȱȱȱȱ
designates any venous disorder associated to every clinical class, and the concept of chronic
ȱĜ¢ǰȱ ȱȱȱȱȱȱȱȱȱǻ3-6) [13, 65].
ȱ ȱ ęȱ ȱ ȱ ȱ ȱ ȱ ęȱ ȱ ȱ ȱ ȱ
today, and its use is recommended by the relevant guidelines [33]. Nevertheless, when using
ȱȱ¢ȱȱ ȱȱȱȱ Ǳȱȱȱęȱ¢ȱȱȱ
has limitation. For example in C3ǰȱȱ¢ȱȱĜȱȱȱ ȱȱȱȱ
edema with other causes [106].
6.2. Venous clinical severity score (VCSS)
ȱȱȱ¢ȱȱǻǼȱ ȱȱȱȱȱȱętion and to give an additional weight to the more severe consequences of CVD [108]. The VCSS
score has shown good intra- and inter-observer reliability and responsiveness to change [108–
110ǾǯȱȱȱȱȱȱęȱŗŖȱȱȱȱǱȱŖȱǻǼǰȱŗȱǻǼǰȱŘȱǻǼǰȱ
and 3 (severe), with a total range score of 0–30 (best to worth) [106, 108–110]. In CEAP classes C0
to C6, the VCSS score is reported to range between of 3–18 [111]. A worthwhile clinical improvement for patients with CVD can be observed with a relative improvement of 70% in VCSS score
[110] or with an absolute improvement of 4 points [7Ǿǯȱěȱ ȱȱȱȱ
1–2 points of VCSS below C3, and 2–5 points above C3 [111]. The items of the VCSS are:
• Pain or discomfort; (i.e., aching, heaviness, fatigue, soreness, burning, with presumed veȱǼǰȱȱȱȱȱȱȱȱȱȱ¢ȱȱȱȱȱ
item;
• ȱȱǻ ȱȱǂȱřȱȱȱȱǼǲ
• ȱȱǻȱȱǰȱǯǯǰȱĴȱȱȱ¢ȱ¢ȱȱ ȱ
ęȱȱ¢ȱȦȱȱȱȱȱȱ¢ǰȱȱȱ
ȱȱ¢ȱȱȱȱǼȱȬȱȱěȱȱ¡ȱȱȱȱȱ
ȱȱȱȱ¡ȱȱȱ¡ǲ
• ȱȱǻȱȱȱȱȱȱȱȱȱȱ
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ǽȱ Ȭȱ ȱ ěȱ ȱ ¡ȱ
each leg;
• Ěȱǻȱȱȱȱǰȱȱ¢ǰȱǰȱȱ£ma, dermatitis);
• ȱǻȱȱȱȱ ȱ¢ȱȱȱȱǰȱȱ
ȱȱȱ ȱęǰȱ¢ǰȱ ȱ¢ǰȱȱǼǲ
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• Active ulcers number
• Active ulcers duration (patients are referred to describe the duration of the longest unhealed ulcer);
• Active ulcers size (score according the size of the largest active ulcer);
• ȱȱȱ¢ȱǻȱȱȱȱȱȱȱȱsion therapy).
• The assessment of the items of VCSS score should be carried out for both legs.
Despite their relevance, VCSS and CEAP evaluation can be biased by observer expectations and because patient-reported outcomes are recognized by medical authorities as the
ultimate outcome for health-care interventions, self-reported assessment of symptoms and
HRQL is recommended for CVD as well [15, 112]. The most comprehensively validated
ȱȱȱ ȱȱȱȱȱȱȱĜ¢ȱȱ
(CIVIQ), for population with CVD and without ulcer; the Aberdeen varicose vein questionȱǻǼǰȱȱȱ ȱȱǲȱȱȱȱĜ¢ȱȱȱȱ¢ȱȱ¢ȱȱȱǻ ȬǼǰȱȱȱ ȱȱȱ
all classes [113].

7. Conservative treatment of CVD
The main goals of conservative treatment for CVD, used as an adjunctive treatment or in isolation, focus on both the symptoms and secondary changes of the disease, such as for instance,
ǰȱȱȱȱȱȱȱǽ33], and the prevention of secondary comǰȱ ȱ ȱ ȱ ǽ114]. Usually, initial treatment of CVD involves a noninvasive conservative treatment to reduce symptoms and help prevent the development of
secondary complications and the progression of the disease [66]. Complementary, or posteri¢ǰȱȱȱȱȱȱȱȱȱǽ33, 66].
ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ £ȱ ȱ ȱ ȱȬȱǰȱȱȱȱ¡ǰȱȱȱȱȱȱ
ȱȱȱȱȱȱ ǰȱȱ ȱȱ¢ǰȱȱȱȱmon referred conservative treatments [33, 66]. The conservative pharmacological treatment
with venoactive drugs may be indicated for patients with pain and edema and should be implemented in association with compression for healing venous ulcers [33]. If conservative treatment is unsuccessful or provides an unsatisfactory response, then further treatment, including
surgery, should be considered based on anatomic and pathophysiological features [66].
ȱ ǰȱ ȱ ¢ǰȱ ȱ ¢ȱ ȱ ȱ quency and laser, endovascular therapy, are less invasive than surgery for treating CVD [66].
ȱȱȱȱȱȱȱȱȱȱęȱȱǻnous thermal ablation, as laser and radiofrequency) and varicose veins (sclerotherapy) [33].
ȱȱȱȱȱȱȱȱǰȱȱȱȱȱȱȱ
heal after 6 months of treatment [66]. There are several surgical procedures described in the
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ǰȱȱǰȱȱȱȱ¢ǰȱȱȱȱ
surgery or valve reconstruction [66].
ȱǰȱǰȱȱȱȱ¢ȱǰȱȱȱȱȱ¢ȱment, except when patients are candidates for vein ablation, in which case compression is also
suggested as an adjuvant treatment, particularly to prevent ulcer recurrence [33]. Compression
¢ȱȱȱȱȱȱȱ¢ȱǻȱǼǰȱȱȱȱȱ
treatment, in order to control edema and pain, and to enhance venous ulcer healing [33].
ȱ¢ȱȱȱȱȱȱ ȱȱĜ¢ȱȱȱȱȱ¢ȱȱ
evacuate the venous blood from the periphery in the direction of the heart [33], resulting in
venous stasis [33, 115]. Furthermore, it is assumed that there is a strict relation between blood
Ě ȱ¢ȱȱ¢ȱȱȱȱǽ114]. The prevention of stasis is a main
goal in CVD treatment and decisive in preventing venous complications and is frequently
done through conservative approaches. Conservative CVD treatment might include intermittent pneumatic compression [116Ǿǰȱȱȱȱȱǽ77, 117, 118], and
muscle pump activation using electrical muscle stimulation [77, 119], transcutaneous electrical nerve stimulation [119], or active and passive movements [103, 119]. In this regard, MLD
ȱ ¢ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ě ȱ ǽ21–23]. Nevertheless,
this intervention needs specialized professionals and could be an expensive health care treatǯȱȱȱȱȱȱ¢ȱǰȱȱȱ ȱĜ¢ȱ
showed in the treatment of lymphedema, when compared with MLD applied by professionals [25], could be an alternative.
ȱȱȱ¢ȱ¢ȱȱȱȱȱȱȱȱȱȱȱȱĜcacy of CMPF is now widely recognized [30, 36, 43, 45, 90Ǿǯȱ ǰȱȱȱȱȱ
¢ȱȱ¢ȱȱȱȱ¢¢ȱȱȱǽ30, 36, 43, 45]. Physical exercise is nowadays
widely recommended for CVD management [90, 120]. In previously conducted randomized
controlled trials, exercise training in patients with CVD [90] or with post-thrombotic syndrome [120Ǿȱ ȱ ȱȱȱȱȂȱȱȱȱ ȱǻŜŖķȦǼȱȱȱǻŗŘŖķȦǼȱ
speeds [90], maximal heel rise repetitions [120], CMPF [90], and HRQL [120]. However, the
role of physical exercise in ameliorating the measures of clinical severity of CVD or in improvȱ  ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ  ȱ ¢ȱ ȱ
ȱĚ¡ȱȱȱȱ¢ȱȱǽ90, 120].

8. Manual lymphatic drainage
There are four recognized techniques of MLD: the Földi [121], Vodder [122], Casley-Smith
[123] and Leduc [124].
ȱ ȱ ȱ ȱ ȱ  ȱ ȱ ěǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ
ǯȱ ȱǰȱȱȱȱȱȱ¢ȱǻ ȱęȱ¡Ǽǰȱȱ
ȱȱȱȬȱȱȱȱǻȱǼǰȱȱ¢ȱ ȱȱȱȱ
¢ȱĚ ǰȱȱȱȱȱȱȱȱȱ¡¢ȱ ȱęǰȱȱȱ
begin at the proximal regions of the extremity [122–126].
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ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ǰȱ ¢ȱ ȱ ȱ ęȱ
method [127Ǿǯȱ ȱȱȱȱȱȱǰȱȱȱȱȱȬȱǽ127] form
of massage that applies low pressure (<40 mm Hg) to the underlying tissues [124] along the
ȱȱȱȱęȱ¢ȱȱȱǰȱȱ¢ȱ
Ě ȱǽ128, 129ǾȱȱȱȱȱȱĚȱȱȱȱȱ¢phatic circulation [124, 128, 129]. At the lower extremity, the call-up maneuver, a technique
belonging to the Leduc method initiates with inciting (or call-up) maneuvers in the inguinal region (ganglionar stimulation) and then progresses distally along the lower extremity
down to the edematous region, again employing call-up maneuvers, in order to stimulate
¢ȱĚ ȱ¢ȱȱȱ¢ȱȱ¢ȱȱ¢ȱǰȱǽ128, 129]. The
reabsorption maneuver, another Leduc technique, is then applied over the edema to drain
ȱȱĚȱȱȱȱȱȱ¢ȱȱǽ128–130]
¢ȱȱȱȱęȱǻȱ ȱȱȱȱȱȱȱ
¢ȱǼȱ ȱȱȱȱ£ȱǽ128–130]. The whole procedure ends with
a second round of call-up maneuvers, which are then applied in the reverse direction, ending
at the groin region, in the case of the lower limb [128, 129]. Technically, the call-up maneuver
ȱ ȱȱȱ¡ȱȱȱȱȱȱȱ ȱȱȱȱȱȱ
ȱȱȬȱȱȱȱȱȱȱȱȱ¢ȱĚ ȱǽ128,
129]. The reabsorption maneuver initiates with the most distal part of hand and ends with
ȱȱȱȱ ȱ¢ȱȬȱǽ128, 129].
8.1. Contraindications/Precautions
There are several contraindications and precautions for MLD and decongestive lymphatic
therapy. It is suggested that cardiac, pulmonary and renal functions should be monitored
ȱȱ¢ȱȱȱȱĚ ȱȱ¢ȱȱǽ73]. As for the contraindications, the literature describes erysipelas, lymphatic systemic infection and lymphangitis,
ȱĚȱȱȱ¢ȱ¢ǰȱȱȱȱȱȱȱ
decongestive lymphatic therapy [131]. Severe renal and heart failure are also contraindiȱ ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ Ĵȱ ȱ ȱ ǽ132],
whereas caution should be enforced when employing MLD in patients with severe cardiac
Ĝ¢ȱ ǽ128, 131, 132]. Unstable hypertension, thyroid dysfunction, hepatic cirrhoȱ ȱ ȱ Ěȱ ǻǼǰȱ ȱ ȱ ȱ ǰȱ ȱ ȱ
or malaria, are also contraindications for physical treatment [131, 132]. If swelling occurs
for a long time after initial breast surgery, medical examination should be sought and any
¢ȱȱ ȱȱȱȱĚȱȱǽ132]. Also, Crohn disease, recent
surgery, and diabetes are some additional clinical conditions that may be monitored for
precaution [73].
8.2. Manual Lymphatic Drainage in Lymph edema
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ǰȱ ȱ ǰȱ thrombotic syndrome, chronic wounds, traumatic edema (iatrogenic, postsurgical, and musȱ¢Ǽǰȱ¡ȱȱȱ¢ǰȱȱ¢ȱǽ73].
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The evidence of MLD for the treatment of edema (related to cancer or traumatic during
sport activity, or other orthopedic injuries) [25, 26, 133] and in improving functional status
ǻȱȱȱȱ¢Ǽȱǽ24Ǿȱȱȱȱȱȱȱ ȱěǰȱ
but more research is needed. Nevertheless, MLD might have an important role in CVD by
improving HRQL, symptoms [134, 135], and range of motion [24] when edema/lymphedema
is present. In palliative treatment, MLD improves pain and dyspnea [25].
Based on a systematic review, the importance of MLD for preventing the incidence of lymphedema is unclear [25]. A meta-analysis shows that MLD does not provide further therapeutic
ęȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ
treatment or with compression therapy [25Ǿǰȱȱȱ¢ȱȱȱȱęȱ
when employing MLD in these cases [136Ǿǯȱ  ǰȱȱȱęȱȱȱȱȱated together with its cost in terms of time and money spent by patients and health care sysȱȱȱȬęȱȱȱȱȱȱȱ¢ȱ¢ȱȱ
multilayer bandages or compression hosiers and adding MLD only if the response to treatment is unsatisfactory [136].
Lymphatic drainage employing a simpler sequence, but using the same principles as MLD, in
a way that can be applied by patients as a self-drainage [137, 138Ǿȱȱȱěȱȱȱ
in reducing limb volume or lymphedema related to breast cancer but can be used as a more
economical MLD option [25].
ȱȱȱȱȱȱǰȱȱȱȱȱ¢ȱĚ ȱǻȱ
lymphagion contraction and lymphatic reabsorption), might also be responsible for increasȱ ȱ ȱ Ě ǰȱ ȱ ȱ Ě ȱ  ȱ ȱ ǰȱ ǰȱ ȱ
ȱ ȱ ǰȱ ȱ ȱ ¢ȱ ěȱ ȱ ȱ ȱ ęȱ dence [73].
ȱǰȱȱȱȱ ȱȱȱȱ¢ȱȱ¡ȱȱȱ¢ȱȱ
show poor lymphedema treatment outcome after intensive decongestive therapy [25]. When
an elastic sleeve and multilayer bandaging are associated to MLD, there is a higher chance
that the lymphedema treatment is successful [139].
Decongestive lymphatic therapy is the physical treatment for lymphedema by combining
ȱ ȱȱǰȱȱ Ȭȱȱȱȱǰȱ¡ǰȱ
ȱȱǰȱȱȱȱ ȱĴȱȱȱǽ30, 127, 140].
ȱȱ¢ȱȱȱȱěȱȱȱȱȱ¢ȱȱȱ ȱȱ
ȱȱȱȱȱěȱȱȱȱȱȱȱȱȱǽ135, 141].
ȱǰȱȱ¢ȱ¢ȱȱȱȱ ȱǱȱȱęȱȱȱȱ
reduction and intensive one, and the second one is the maintenance phase [127, 142, 143].
Decongestive lymphatic therapy is often prescribed for patients with venous ulcer and when
CVD are associated with mixed edema (lymphatic and venous origin), now combining MLD,
ȱǰȱȱǰȱ¢ȱ¢ȱȱȱȱȱǰȱ
ȱȱ ȱǰȱĴȱȱȱǽ16]. In the case of CVD, wearing comȱȱȱȱȱȱĜ¢ȱǽ16, 143].
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8.3. Manual lymphatic drainage in CVD
8.3.1. The technique
The manual technique of MLD is not usually described in the literature. Nevertheless, based
on research [21–23], the hands of the physical therapist must do the maneuvers producing a
 ȱȱȱȱȱǯȱȱȱȱ¢ȱȱȱȱȱȱȱ
underlying soft tissues should be carefully adjusted to remain soft and just enough to stretch
ȱ ȱ ȱ ȱ ȱ Śȱ ǯȱ ȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ¡¢ȱ
40–45 min [17, 18, 21]. The duration and the number of sessions at the studies assessing the
role MLD in CVD patients [17, 18ǾȱȱǰȱȱŘȮśȱ ǰȱȱȱȱ
10–14 sessions of MLD.
ȱȱȱȱȱ ȱȱ¢ȱȱȱ¢ǰȱęǰȱȱ
from proximal to distal and, second, moving from distal to proximal [128, 129]. The maneuvers can be applied in the following sequence: inguinal region (10 MLD maneuvers), progressing downwards through the thigh, (30 MLD maneuvers at medial and 30 at lateral aspect
of thigh), the popliteal region (10 MLD maneuvers applied immediately above the popliteal
fossa and another 10 times maneuvers performed immediately below the popliteal fossa),
  ȱȱȱȱǻřŖȱȱȱȱȱȱȱȱȱǼǰȱȱęȱ
in the dorsal aspect of the foot 30 MLD maneuvers). Next, the maneuvres should be carried
out in the reverse order upwards: 15 maneuvers on the dorsal aspect of the foot, 15 maneuvers
both on lateral and medial aspect of the leg, 5 maneuvers both below and above popliteal
fossa, 15 maneuvers above both the lateral and above the medial aspect of the thigh, 5 MLD
maneuvers on the inguinal region (Figure 1)[21]
ŞǯřǯŘǯȱ¢ȱěȱȱȱ¢
ȱȱȱȱȱȱȱěȱȱȱĚ ȱȱęȱǰȱ¢ȱ
through the call-up maneuver [144]. Also the real impact of MLD in hemodynamics has been
ȱȱȱęȱǽ128]ǯȱȱ¢ȱȱȱśȱȱŗśȱȱȱȱȱȱ

Figure 1. Venous ultrasound assessment at popliteal vein during 1st and 10th calf contraction. Venous ultrasound
assessment at popliteal vein during 1st (A) and 10th (B) calf contraction, during tiptoe movement for both control (no
CVD) and CVD (C0–C4) groups.
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change cardiac output in patients with heart failure despite the near 100% increase in venous
return after 5 minutes of MLD [128]. Nevertheless, recent studies reveal that in real-time the
ȱĚ ȱȱęȱȱȱȱǰȱȱȱȱȱȱȱȱ
pathology [22, 145].
ȱȱȱȱȱȱȱȱȱȱȱŚȱȱȱ
beginning to end [22, 23, 129]. MLD techniques, which are based on manual stretching of
ȱȱȱ¢ȱȱǰȱȱȱȱĚ ȱȱȱęȱǰȱ
as has already been suggested [144], but also along the deep venous system, which course
beneath the deep fascia. As commonly taught, the call-up maneuver is applied in a proxiȱȱȱȱȱȱȱȱĚ ǯȱȱȱȱȱ
ȱ¢ȱȱȱȱ¡¢ǰȱȱ¢ȱĚ ȱȱĚȱȱ
[129Ǿǯȱȱ¢ȱȱȱȱȱěȱěȱ ȱȱ ȱȱ
[22Ǿǯȱ ȱǰȱȱ ȱȱȱȱȱĚ ȱȱȱȱ¡ȱȱȱȱ
ȱǻȱǼȱȱęȱǻȱȱǼȱǯ
ȱȱȱȱȱȱȱȱȱȱȱ¢ȱȱȱȱ ǯȱȱ
ȱȱȱȱȱȱĜ¢ȱȱȱȱȱ¢ȱĚ ǰȱ
ȱ¡ȱȱ¢ȱ ȱȱȱ ȱȱȱ¢ȱȱǽ121, 130Ǿǯȱȱ
ȱȱȱȱȱ¢ȱȱȱȱȱȱȱȱǰȱǰȱȱǰȱȱǰȱ ȱȱ¢ȱȱȱȱȱȱȱȱȱȱ ȱȱ
movements [146Ǿǯȱȱȱȱȱȱȱȱȱȱȱȱ
ȱȱ¢ȱȱȱȱȱĚ ȱȱęȱȱȱǰȱȱ
ȱȱȱ¢ȱȱȱȱȱȱȱȱǽ147].
ȱȱȱȱȱȱ¢ȱȱȱȱĚ ȱȱȱȱȱ
¢ȱ¢ȱȱȱ¢ȱĚ ȱǰȱ¢ȱ ȱȱȱȱ¢ȱ
ȱǻȱȱȱȱ Ǽǰȱȱȱȱǰȱȱȱȱěȱȱȱȱ
Ě ȱǽ23, 128, 129, 145, 148].
ȱȱȱĚ ȱȱȱęȱȱ ȱȱȱȱȱĚ ȱȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǰȱ ¢ȱ ȱ ȱ Ě ȱ ȱ ȱ ȱ ȱ
¢ȱȱ ǯȱ ȱǰȱȱȱȱȱȱǰȱȱȱǰȱ ȱ¢ȱ
reach the muscles underneath, and pressure would also increase in deep seated structures
ȱǰȱȱȱȱĚ ǯȱǰȱȱȱȱȱȱȱ
time MLD techniques are being applied, induced by the manual stimulation, or in response to
the movement of the lower extremity, which could have contributed to the observed increase
ȱȱȱĚ ǯ
ŞǯřǯřǯȱȱĜ¢ȱȱȱ¢ȱȱȱȱȱȱ ȱȱ
ȱ
MLD has also been used as a conservative treatment for CVD, [16], mostly when venous
lymphedema is present [19, 20]. MLD applied before surgery in patients with CVD improves
ȱȱȱȱȱęǰȱ ǰȱǰȱ¡¢ǰȱǰȱȱ¢ȱ
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[17, 18, 21Ǿǯȱǰȱȱ¢ȱȱĚ¡ȱȱ¡ȱ¢ȱȱ ȱȱ
ȱȱȱ¢ȱȱȱȱǽ17, 18].
ȱȱ ȱȱȱǻŗŖȱȱȱŘȱ Ǽȱȱȱȱȱ ȱ ȱ
ȱ ȱ ȱ ¢ȱ ȱ ěȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
HRQL [17Ǿǯȱȱ¢ȱȱȱȱȱȱȱǻŗŚȱȱȱśȱ Ǽǰȱȱȱ
ȱȱě¢ȱǰȱȱ ȱ¢ǰȱȱȱȱ¢ȱǽ18]. However,
ȱ ěȱ ȱ ȱ ȱ ȱ ¡ȱ ¢ȱ ȱ ¢ȱ ȱ ȱ Ȭȱ ǯȱ
 ǰȱȱȱ¢ȱȱȱȱǻŚȬ ȱȱȱȱǰȱȱ
ȱŚŖȱȱŚśȱȬȱȱȱȱŗŖȱǼȱȱȱȱěȱȱȱȬȱ
symptoms, pain-HRQL and clinical severity (mostly related to venous edema), independently
from vascular surgery, with the positive outcomes of MLD persisting after 1 month followup [21Ǿǯȱ ǰȱ ȱ ȱ ȱ ȱ ěȱ ȱ ȱ ȱ ǰȱ ȱ ȱ
ǰȱȱȱȱȱǰȱȱȱ¢ǰȱȱȱ¢ȱȱ
of HRQL of CIVIQ [21].
ȱȱȱȱȱȱȱ¢ȱęȱȱȱȱȱ
ǻȱȱĚ¡ȱȱȱĚ¡Ǽȱȱȱȱȱǯȱ  ǰȱȱ
role of physical exercise in ameliorating the measures of clinical severity of CVD or in improvȱȱȱǰȱȱȱȱȱȱȱȱ ȱȱ ȱ¢ȱȱ
ȱĚ¡ǰȱȱȱȱ¢ȱȱǽ90, 120].
 ǰȱȱ¢ȱȱȱȱȱȱȱȱȱȱties, such as gait, has not been assessed yet.
ȱȱȱȱȱĚ ȱȱęȱȱȱȱȱȱȱ
and in those with CVD and may be an important conservative treatment for prevent blood
stasis and its complications [21–23, 125]. The prevention of stasis, by increase venous return,
is a main goal in CVD treatment and decisive in preventing venous complications, and there
are several conservative approaches [114]. During the application of the MLD maneuver (with
ȱǀŚŖȱ ǼǰȱȱȱȱȱȱĚ ȱȱȱȱęȱȱ
increases substantially without collapsing the veins [22, 23].
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ Ě ȱ ȱ ȱ ȱ ȱ ȱ
healthy and CVD groups (C1_5), in most severe cases of this disease this augmentation might
not occur [22, 23Ǿǯȱȱȱęȱȱȱȱȱȱ¢ȱǯȱȱ
Ěȱȱȱȱȱȱȱȱȱȱǰȱ£ȱ¢ȱęȱȱ¢ȱȱǽ149], leg edema [27] may interfere with the
ȱȱȱȱȱ¢ȱȱȱȱȱȱĜ¢ǯ
ȱȱȱȱȱȱ¢ȱȱȱȱ¢ȱȱplications of CVD and venous stasis [150]. Some studies refer the importance of wearing
ȱȱȱȱȱȱȱǽ17, 18]. In one study, 23 out of the 41
ȱȱȱ ȱȱȱȱ¢ȱȱȱ¢ȱȱȱȱ
ǰȱ ȱ ȱ Ěȱ ȱ ȱ Ĝ¢ǯȱ  ȱ  ȱ ȱ ȱ ȱ ȱ ȱ
(no MLD treatment) were excluded during the study because they present deep venous
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thrombosis and coincidently these two participants did not comply with the use of compresȱȱǽ21].
8.4. Recommendations for treating CVD with MLD
ȱȱȱȱȱȱ ȱǰȱȱȬȱȱȱȱȱ
from distal to proximal throughout the lower limb, with the two hands of the physical theraȱȱȱ¢ȱȱȱȱȱ¢ȱȱĚ ȱȱȱǰȱȱȱȱ
increase venous return from the lower limb in subjects with or without CVD (C1_5).
ȱȱȱȱȱȱȱȱŘȮśȱ ǲȱȱȱȱŗŖȮŗŚȱ
sessions (45 min duration for both legs) of MLD. The sequence of MLD maneuvers should
be applied proximal to distal, followed by a sequence in reverse direction (i.e., from distal to
proximal) such as recommended for lymphedema [124, 128ǾǯȱȱĚȱ¢ȱȱ
ȱȱȱǰȱȱȱȬȱȱȱȱȱȱǰȱȱ
ȱȱĚȱȱ¢ǯȱȱȱȱȱȱȱȱĜ¢ȱȱȱ
in treating venous ulcer (C6), it can be applied in these patients as long as no contraindications
are present [21].
Despite no evidence that MLD prevent secondary complications associated to venous stasis,
ȱȱǰȱȱȱȱȱ¢ȱȱȱȱȱȱęȱȱȱ
ȱĚ ȱǽ23, 104]. In particular, MLD is recommended before venous surgery and should
ȱȱ ȱȱȱǽ17, 18].
It is recommended to use MLD to relief edema, symptoms, severity of disease, and ameliorate
ǯȱȱěȱȱȱȱ ȱȱȱȱȱȱȱȱȱȱȱǽ17, 18, 21ǾǯȱȱȱȱȱȱȱĜǰȱȱȱ
be an option to relief symptoms and improve HRQL in patients with CVD [21].
ȱȱȱǰȱ ȱȱǰȱȱȱȱȱȱȱ
ȱȱȱ ȱȱȱǰȱȱ¢ȱ¡ǯ

9. Conclusion
CVD is a very common disease across the world. Despite the cosmetic issues, there are very
ȱ ¢ȱ ȱ ȱ ȱ ¢ǰȱ ȱ ȱ ȱ ¢ǰȱ
¢ȱ ȱ ǰȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ ǰȱ ȱ ǰȱ
¢ǻǼǰȱ ȱ ȱ ȱ ȱ ȱ ǰȱ ȱ ǯȱ ¢ȱ ȱ
may have an important role in assessing (using a uniformed procedure with other health proǼȱȱȱȱ¢ȱȱȱ ȱȱȱǰȱȱ¡ǰȱ
Kinesio taping, and others. MLD may be an alternative coadjutant conservative treatment of
patients with CVD, previous or not to surgery. Although there is already information about
the importance of MLD as a treatment choice for CVD, further research is warrant to determine the best way to combine this approach with the existing CVD treating tools.
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