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Abstract Atherosclerotic cardiovascular disease
(ASCVD) is defined as coronary heart disease (CHD),
cerebrovascular disease, or Lower Extremity Arterial
Disease (LEAD) also named peripheral arterial disease
(PAD). ASCVD is considered to be of atherosclerotic origin
and is the leading cause of morbidity and mortality mainly
for individuals with diabetes mellitus (DM). Although the
prognosis of LEAD is relatively benign regarding viability
and survival of the affected limb, all patients with LEAD
are at increased risk of myocardial infarction, ischemic
stroke and cardiovascular death. Several studies indicated
a two- to three-fold greater mortality in patients with
LEAD than in age-matched controls with normal ankle-
brachial index (ABI), with a five-year mortality of about
30% in patients with LEAD. LEAD is rapidly progressing
worldwide due to demographic expansion, aging,
increasing prevalence of tobacco smoking, sedentarity,
hypertension, dyslipidemia, and type 2 diabetes. Among
PWT2D the occurrence of LEAD is associated with a
high risk of morbidity compared with people without

diabetes. Pharmacological management in LEAD patients
should include: lipid-lowering treatment, anticoagulant
and anti-platelet treatment, vascular pleiotropic treatment
and antihypertensive treatment. The non-pharmacological
management of LEAD patient is the foundation of
the therapeutic process and translates into reduced
cardiovascular (CV) risk, improved prognosis, and better
patients functioning. Modification of the risk factors profile
may contribute to the reduction of the severity and
progression of atherosclerosis as well as to a delay in
the onset of complications. Study results show that the
management of LEAD patients, both non-pharmacological
and pharmacological is less intensive than the management
of patients with coronary artery disease or cerebrovascular
disease.

Keywords Lower extremity arterial Disease,
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mellitus, Vascular treatments

Introduction
Atherosclerosis is considered a generalized disease.

Similar or identical etiopathogenetic mechanisms and risk
factors are involved in various atherosclerotic diseases, and
the positive effects of preventive measures on atherogenesis
in different parts of the arterial system were shown.
However, until now, great emphasis has been placed on
the aggressive pharmacological management of coronary
artery disease (CAD), while less attention has been paid
to the management of peripheral arterial disease (LEAD),
despite its significant morbidity and mortality. Data on the
efficacy of preventive measures in LEAD patients have

mostly been gained from subgroup analyses from studies
devoted primarily to the management of coronary patients.
These data have shown that treatment of risk factors
for atherosclerosis with drugs can reduce cardiovascular
events also in patients with LEAD. However, effects of
some preventive procedures in LEAD patients differ from

coronary patients1-2.

Although the prognosis of LEAD is relatively
benign regarding viability and survival of the affected
limb, all patients with LEAD are at increased risk of
myocardial infarction, ischemic stroke and cardiovascular
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death. Several studies indicated a two- to three-fold greater
mortality in patients with LEAD than in age-matched
controls with normal ankle-brachial index (ABI), with a

five-year mortality of about 30% in patients with LEAD3.

Epidemiology and risk factors

LEAD affects over 40 million people in Europe4 and
appears to be 2 to 4 times more prevalent in people with

type 2 diabetes (PWT2D) than in the general population5.
Its prevalence ranges from 1.2% to 20% according to its
definition. In the Action in Diabetes and Vascular Disease
(ADVANCE) trial, the baseline prevalence of LEAD was

4.6%6, 7. In the same trial, the incidence of LEAD was
reported in 1.2 per 100 patient-years when it was 3.7 per 100
in the Fremantle Diabetes Study. The prevalence of LEAD
rise up to 20% when its occurrence rely on an abnormal

ankle-brachial index (ABI)7.

LEAD prevalence and incidence in PWT2D are
strongly associated with the classical cardiovascular risk
factors and diabetes duration7). The results of the UKPDS
(UK Prospective Diabetes Study) have shown a prevalence
of 1.2% at diagnosis and 12.5% after 18 years of diabetes

evolution8.

LEAD is rapidly progressing worldwide due to
demographic expansion, aging, increasing prevalence of
tobacco smoking, sedentarity, hypertension, dyslipidemia,

and type 2 diabetes4. Among PWT2D the occurrence of
LEAD is associated with a high risk of morbidity compared
with people without diabetes. The evidence show that
LEAD is associated with a 4 to 5 folds increased risk of non-
traumatic lower limb amputation (LLA), cardiovascular

disease (CVD), and mortality9. However, it remains less
studied than other diabetes related complications and only
rare randomized control trial have evaluated it as a primary
outcome.

Among PWT2D, 5-year mortality after non-traumatic
major amputations of the lower extremity is very

high10. Whether it is a below-the-knee or above-the-knee
amputation, mortality ranges from 40 to 82% to 40 to 90%

respectively11.

Primary and secondary prophylaxis

LEAD patients need intensive prevention and
management of risk factors. Cigarette smoking is one
of the most important risk factors for peripheral arterial
disease. Smoking increases the risk of LEAD by several
fold and is a more influential risk factor for LEAD
than for coronary artery disease. Smoking is associated
with severity of LEAD, a higher amputation rate,

peripheral bypass occlusion and mortality12. Multiple
pathophysiologic mechanisms may account for the

prevalence of atherosclerosis in cigarette smokers. These
include abnormalities of endothelial function, lipoprotein
metabolism, coagulation, and platelet function. Smoking
cessation decreases the risk of cardiovascular morbidity and
mortality, and may improve functional capacity in patients
with LEAD. Therapies to promote smoking cessation
include counselling, nicotine replacement, and bupropion.
Smoking cessation as a modifiable risk factor in patients

with LEAD is of utmost importance10.

Hyperlipoproteinaemia is also a relevant risk factor
for LEAD. Hypercholesterolemia was found in 45% to 59%
of symptomatic LEAD patients, and a significant benefit
of statin treatment on cardiovascular and cerebrovascular
events has been shown in this group of patients.
Routine statin use in vascular patients, either managed
conservatively or undergoing open surgical or endovascular

procedures, is associated with several beneficial effects13.
A meta-analysis, the Cholesterol Treatment Trialists’
Collaboration, showed that each 1.0-mmol/L decrease in
low-density lipoprotein cholesterol by statin treatment is

associated with a 12% reduction in all-cause mortality13.

The extent to which LDL values should be
lowered in LEAD patients remains unclear, no prospective
interventional studies have so far been carried out in LEAD
alone patients. Beside statins PCSK9 inhibitors were shown
to be effective in management of hypercholesterolemia

in LEAD patients. The Fourier study14 which enrolled
27,564 patients of which 13.2 % (3,642) had symptomatic
LEAD, all of whom were on statin therapy evaluated
benefit in the preplanned LEAD subgroup. The full study of
evolocumab, showed a significant decrease in the combined
CV endpoints of MI, stroke, and death. In the LEAD
subgroup, evolocumab significantly reduced the primary

end- points14.

European Society of Vascular Medicine has updated
evidence on the management on dyslipidaemia in patients

with LEAD15. Guidelines recommend a low-density
lipoprotein cholesterol (LDLC) goal of more than 50%
reduction from baseline and <1.4 mmol/L (<55 mg/dL) in
LEAD patients. As demonstrated by randomized controlled
trials, lowering LDL-C not only reduces cardiovascular
events but also major adverse limb events, including
amputations, of the order of 25%. Addition of ezetimibe
or a PCSK9 inhibitor further decreases the risk of
cardiovascular events, and PCSK9 inhibition has also been
associated with reduction in the risk of MALE by up to 40%.
Furthermore, statin- based treatment improved walking
performance, including maximum walking distance, and

pain-free walking distance15.

Hypertension is one of the most important risk
factors for atherosclerotic disease, including LEAD. In
patients with preclinical and clinical stages of LEAD,
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hypertension was found in 50% to 92%. Follow-up data
from the Framingham Study found a 2.5- to 4-fold increased

risk of LEAD in men and women with hypertension16.
Nevertheless, not all studies have demonstrated a clear
relation between hypertension and LEAD. However, most
of the findings support that the presence of hypertension
additionally increases the risk of cardiovascular events in
LEAD patients, as was confirmed in the SHEP (Systolic
Hypertension in the Elderly Programme) study, where a
low ankle-brachial index (<0.9) in an older population in
conjunction with hypertension predicted a two- to three-
fold increased risk of cardiovascular mortality.

Any class of antihypertensive drugs can be used to
treat hypertension in most patients with LEAD, including
beta blockers. Although a meta-analysis of 11 randomized

control studies showed that beta (β) adrenergic blocker

therapy did not worsen intermittent claudication17, starting

the treatment of hypertension in LEAD patients with (β)
blockers can provoke the onset of intermittent claudication
and vasospasms.

(β) Blockers should be carefully prescribed to
LEAD patients with critical limb ischemia and vasospastic
disorders. Dihydropyridine calcium channel blockers
are appropriate for hypertensive patients with LEAD.
Carvedilol and nebivolol are also effective drugs. However,
in patients with LEAD, there is no conclusive, outcome-
related data favouring the use of carvedilol or nebivolol
over other beta blockers. ACE inhibitors exert various
beneficial actions on the cardiac and vascular structure and

function, beyond their blood pressure-lowering effects18.

The antiatherogenic effect of the ACE inhibitor
ramipril was confirmed in the Heart Outcomes Prevention
Evaluation (HOPE) study, where ramipril provided equal
relative protection against myocardial infarction, stroke and
cardiovascular death in patients with LEAD as in other

high-risk groups19. The absolute benefit of ramipril was
greater in patients with a reduced ankle-brachial pressure
index than in those with a normal ankle-brachial pressure
index.

In people with obesity, the accumulation of
dysfunctional perivascular adipocytes is associated with an

increased systemic inflammation and higher level of ED19.
Hypertension is associated with higher circulating levels of
paracrine factors like ET-1, a potent vasoconstriction factor,

in response to endothelial cell damage20 or exercise induced

ischemia21.

Apart from smoking, diabetic metabolic disorders
are the most important risk factors for LEAD progression.
Every HbA1c increase in the magnitude of 1 % is associated
with a 28 % increase in the relative risk for manifest LEAD.

Diabetes elevates the risk of LEAD by a factor of 3 to 4
and the risk of claudication by a factor of 2. A subgroup
analysis of United Kingdom Prospective Diabetes Study
(UKPDS) showed a lower amputation rate with lower levels

of HbA1c8. Among type 2 patients with diabetes under
intensified treatment the Steno-2 study observed a 25 %
relative risk reduction in amputation rates and a 10 %

decrease in vascular interventions over 7 years22.

Therefore, it is recommended that patients with
diabetes should be screened for LEAD and all LEAD
patient should be screened for diabetes and effectively
treated in the case of a proven diagnosis of diabetes.

The antiplatelet drugs represent one of the basic
options for the management of patients with various
atherosclerotic diseases. Aspirin is the oldest and most often
prescribed antiplatelet drug. The efficacy of aspirin depends
probably on the type or location of atherosclerotic disease.
It seems that it is most effective in coronary patients with
clinically unstable disease, and its efficacy is uncertain in
LEAD patients.

One of the first meta-analyses23 indicated that
antiplatelet drugs also significantly reduce cardiovascular
events in patients with LEAD. However, only one third
of the LEAD patients included in this meta-analysis
were treated with aspirin, while the rest received other
antiplatelet drugs.

Also meta-analysis of randomized trials of the
efficacy of aspirin for the prevention of cardiovascular
events was performed in patients with LEAD only.
Randomized trials of aspirin therapy with or without
dipyridamole involved 5269 individuals. Aspirin therapy
alone or in combination with dipyridamole did
not significantly decrease the primary endpoints of
cardiovascular events (non-fatal myocardial infarction,
non-fatal stroke and cardiovascular death). Only a

significant reduction in non-fatal stroke was observed24.

The effect of aspirin on cardiovascular events in
patients with preclinical LEAD was studied in the Aspirin

for Asymptomatic Atherosclerosis (AAA) trial25. This
double-blind randomized controlled trial included 3350

subjects with a low ankle-brachial index (ABI) (≤0.95).
Participants were followed for 8.2 years. No statistically
significant difference in endpoints was found between the
subjects treated with aspirin (100 mg) and the placebo
group.

Clopidogrel and ticagrelor were shown to be more
effective than aspirin. Clopidogrel is thus an effective
alternative to aspirin for prevention of cardiovascular
events in symptomatic LEAD. In patients who are non-
responders to clopidogrel, ticagrelor is indicated. Dual
antiplatelet treatment (DAPT) with aspirin and ticagrelor
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in patients with coronary artery disease and concomitant
LEAD significantly decreased the rate of major adverse

cardiovascular events, including adverse limb events26.
However, in the CHARISMA trial, aspirin and clopidogrel

were not more effective than aspirin alone27.

The new antiplatelet drugs prasugrel, ticagrelor and
picotamide seem to be more effective than aspirin in LEAD
patients, particularly in diabetic patients with LEAD. A
novel antagonist of protease-activated receptor (PAR)-1,
to the primary receptor for thrombin on human platelets,
on vascular endothelium and smooth muscle cells was
used in patients with different atherosclerotic disease.
Vorapaxar in LEAD patients did not reduce the risk of

cardiovascular death, myocardial infarction or stroke28.
However, vorapaxar significantly reduced the rates of
hospitalization for acute limb ischemia and peripheral
artery revascularization. The beneficial effects of PAR-1
antagonists on vascular events were accompanied by an

increased risk of bleeding28.

Regarding to anticoagulants and combination with
antiplatelets, there is no indication for full dose INR
lowering oral anticoagulation with vitamin K antagonists in
patients with LEAD, provided that there is no acute embolic
event. However, the effect of a low dose antithrombotic
therapy with the new oral anticoagulants in combination
with ASA has been investigated. In the COMPASS trial
which included patients with CAD and LEAD, rivaroxaban
and aspirin alone and in combination were studied. Those
assigned to rivaroxaban (2.5 mg twice daily) plus ASA
100 mg daily, had a 24 % better total survival and
cardiovascular outcome but more major bleeding events

than those assigned to aspirin alone29.

Rivaroxaban (5 mg twice daily) alone did not result
in better cardiovascular outcomes than aspirin alone and
resulted in more major bleeding events. The net benefit
was 22 % overall risk reduction of the stable CAD/LEAD
population. Besides the 28 % general survival benefit, an
additional significant (46 %) reduction in major adverse
limb events including major amputation for ASA 100 mg/d
combined with rivaroxaban 2 × 2.5 mg /d compared to ASA

100 mg/d and placebo was seen29.

LEAD patients and diabetes mellitus

Early detection of lower extremity arterial disease
(LEAD), before the onset of symptoms is mostly desirable
in case of Diabetes Mellitus (DM) and highly wanted to

prevent the occurrence of diabetic foot30.

There has been continued debate regarding the
reliability of vascular screening in diabetes. International
guidelines recommend to regularly inspect and examine

the at-risk foot30. The American Diabetes Association

suggests to perform an exhaustive interview including
history of decreasing walking speed, leg fatigue, and
claudication as well as a clinical evaluation of the vascular
status31). Foot examination should include inspection
of the skin, examination of eventual deformities, and
10-g monofilament or vibration testing to evaluate the
presence of sensory deficit. Vascular status should include
palpation of pedal pulse. To grade LEAD presentation,
ADA recommend to use the Fontaine or Rutherford

classification31.

Candidates for ultrasound or advanced LEAD testing
include those with atypical LEAD symptoms or absence
of pulse at lower extremities and abnormal ankle-brachial
index or any occurrence of foot problems.

Conservative treatment of Lower Extremity
Arterial Disease

Lifestyle management remains the cornerstones of
diabetes management. Patients should be guided to benefit
of preventive care services, smoking cessation counseling
and nutritional therapy optimization. A comprehensive
approach to the reduction in risk of diabetes-related
complications is recommended.

The non-pharmacological management of LEAD
patient is the foundation of the therapeutic process and
translates into reduced cardiovascular (CV) risk, improved

prognosis, and better patients functioning32-34. Modification
of the risk factors profile may contribute to the reduction
of the severity and progression of atherosclerosis as well
as to a delay in the onset of complications. Study results
show that the management of LEAD patients, both non-
pharmacological and pharmacological is less intensive than
the management of patients with coronary artery disease or

cerebrovascular disease35.

The non-pharmacological management for all types
of atherosclerotic disease is mostly related to lifestyle
modification, such as smoking cessation, improved

physical activity and loos of body weight36-39.

Smoking cessation is recommended in all LEAD
patients. Those who smoke or use other forms of tobacco
should be educated at every visit regarding the need
to quit smoking. Smoking LEAD patients should be
helped with an established plan to quit smoking consisting
of pharmacotherapy (i.e. varenicline, bupropion and/or
nicotine replacement therapy) and/or referral for a smoking
cessation program. LEAD patients should avoid exposure

to environmental smoke at work, home, and public spaces39,

40.

In patients with intermittent claudication the walking
exercise is the most effective, non-invasive therapy for
improving maximal and pain free walking distances.
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While both home-based and supervised treadmill walking
exercise have been shown to improve pain-free and
maximal walking distance in LEAD, most randomized
trials of walking exercise in patients with PAD have

studied supervised treadmill exercise41-43. Alternative
cardio workout strategies such as upper body ergometry,
cycling and walking until pain occur or low-intensity
training, preventing moderate to maximum claudication,

may be beneficial in symptomatic patients43. At least 150
minutes of moderate-intensity aerobic training per week (30
minutes 5 times a week) or 75 minutes of high-intensity
aerobic training per week (15 minutes 5 times a weak) or a

combination of the above are proposed44.

LEAD patients are recommended to follow healthy
diet. The low saturated fat content, with particular focus on
whole-grain products, vegetables, fruit, and fish should be

the base of daily diet44.

Currently, no data from controlled, randomized
clinical trials are available to suggest any benefits from
any particular lifestyle modification dedicated to LEAD
patients so as to reduce the mortality rate and incidence
of CV events. Therefore, it is suggested that patients
should follow the recommendations for the entire high
cardiovascular risk population.

Numerous groups of drugs were analyzed in terms of
their vascular pleiotropic and protective character.

The most extensively studied for this indication
are cilostazol, naftidrofuryl, pentoxiphylline, buflomedyl,
carnitine, and propionyl-L-carnitine. The beneficial impact
of the aforementioned substances is usually mild to
moderate and highly variable depending on the type of
the study. No evidence was provided for these agents to
significantly alter the outcome prognosis.

In recent years, sulodexide, as a mixture of
glucosaminoglycans from porcine intestinal mucosa
containing fast-moving heparin (80%) and dermatan sulfate
(20%) is reaching a growing importance in LEAD
treatment. The drug is targeting the inflammatory response,
endothelial dysfunction and the associated changes within
the extracellular matrix as well as modulating the

coagulability of blood45-49.

In vivo, sulodexide has been shown to promote
arterial relaxation via a mechanism involving endothelium-
dependent NO production. Results from clinical
studies demonstrated that the activity of sulodexide
is multidirectional and includes an effect on the
hemostasis system, a reduction in thrombin generation,
a profibrinolytic effect, and inhibition of pro-coagulation
microparticle generation. It also has a documented effect on

normalization of blood viscosity and lipid levels45-49.
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