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Abbrevations
LEAD: Lower Extremity Artery Disease; REACH: Reduction of 

Atherothrombosis for Continued Health; CAD: Coronary Artery 
Disease; CVD: Cerebrovascular Disease; CLI: Critical Limb Ischemia; 
ALI: Acute Limb Ischemia; PAD: Peripheral Artery Disease; 
TREADMILL: Treatment of Peripheral Atherosclerotic Disease 
with Moderate or Intensive Lipid Lowering; LDL-C: Lower Density 
Lipoprotein- Cholesterol; UKPDS: United Kingdom Prospective 
Diabetes Study; VADT: Veterans Affairs Diabetes Trial; ABCD: 
Appropriate Blood Pressure Control in Diabetes; ACCORD: Action to 
Control Cardiovascular Risk in Diabetes; ABI: Ankle- brachial index; 
ASA: Acetylsalicylic acid; CAPRIE: Clopidogrel Versus Aspirin In 
Patients At Risk Of Ischaemic Events; IPC: Intermittent Pneumatic 
Compression; AGF: Angiogenic Growth Factors; VEGF: Vascular 
Endothelial Growth Factor; bFGF: basic Fibroblast Growth Factor; 
HGF: Hepatocyte Growth Factor; MCP-1: Monocyte Chemoattractant 
Protein 1; TACT: Therapeutic Angiogenesis by Cell Transplantation

Introduction
Lower extremity peripheral arterial disease (LEAD) is a condition 

characterized by stenosis or occlusion in the lower level of the 
abdominal aorta, iliac, femoral, popliteal and distal areas. Several 
pathophysiological processes can cause a structural alteration of the 
arterial wall, however atherosclerosis remains the major cause [1,2]. 
Atherosclerosis is a systemic disease that can involve several areas, 
not only the coronary one [3]. Given the large impact on morbidity 
and mortality of cardiovascular diseases [4], doctors need to assess 
the state of health of several vascular beds in order to establish a 
proper management in a vascular disease patient. The Reduction of 
Atherothrombosis for Continued Health (REACH) Registry reported 
that a significant percentage of patients with chronic coronary artery 
disease (CAD) suffer also from a cerebrovascular disease (CVD) and/or 
a LEAD [5]. The formation of fibrous-calcified deposits (atherosclerotic 
plaques) in LEAD determines a progressive arterial lumen narrowing 
with a consequent decrease of the blood flow downstream in the 
diseased segment [6]. LEAD may be asymptomatic or symptomatic. 
The symptomatic LEAD is mainly defined by the presence of muscle 
pain during exercise withdrawing after a short period of rest: The 
condition is called “intermittent claudication.” We define “Critical 
Limb Ischemia” (CLI) the clinical condition that involves the presence 
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Abstract
Atherosclerosis can involve several areas, resulting in various degrees of the vascular disease. Patients 

with peripheral arterial disease of the lower limbs (LEAD, lower extremity artery disease) represent a significant 
percentage of the vascular disease population. Therefore, the main objective of physicians who examine a patient 
with LEAD is to intervene on the risk factors (common to all cardiovascular diseases) using different therapeutic 
approaches: exercise, specific drugs and ultimately the surgical or percutaneous revascularization. The aim of 
this review is to summarize the key findings and the updates in the field of diagnostic methods and non- surgical 
therapeutic approaches for this disease.

of rest pain that lasts for more than 2 weeks. It regularly needs analgesic 
drugs and, during the clinical exam, the recorded pressure at the ankle 
level must be less than 50 mmHg or less than 30 mmHg at the first foot 
finger level [7]. The gradual blood supply reduction inevitably leads to 
anoxia, cell death with signs of evident suffering tissue (abnormal skin 
and appendages trophism, ulceration, necrosis and/or gangrene); the 
extreme consequence of CLI is the lower limb amputation [8]. Usually, 
CLI is characterized by the presence of chronic, continuous and resting 
ischemic pain, and/or by ulcers or gangrene, both caused by clinically 
objectified arterial occlusive disease. In patients with co-occurring 
disorders of the peripheral nervous system (e.g., diabetes mellitus), 
pain may be absent or even atypical. The definition of CLI necessarily 
implies chronicity of the process. It must be distinguished from acute 
limb ischemia (ALI) and it is applied in the presence of symptoms with 
onset by at least two weeks. ALI is characterized by a rapid and sudden 
perfusion reduction due to a local thrombotic or embolic event and 
can occur in the absence of a pre-existing LEAD [9]. Sudden decrease 
in blood flow corresponds to a new symptomatic or sudden worsening 
of previous symptoms and clinical signs of chronic ischemia. In this 
review, we will deal with the main statements on LEAD non- surgical 
treatment, with look at the most recent scientific evidence in drugs and 
emerging therapies.

Treatment
The main aim of the therapy of LEAD is to improve the overall 

cardiovascular risk profile and the quality of life increasing the walking 
distance, reducing the symptoms of claudication, eliminating pain at 
rest, while preserving the vitality of the limb [1,10,11]. The measures 
to be taken may be: exercise training, the use of specific drugs and 
revascularization (through percutaneous techniques or bypass 
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surgery). Primary prevention of LEAD consists in taking measures that 
aim to reduce its occurrence. Typically, to counteract atherosclerotic 
and atherothrombotic events, physicians recommend to reduce 
the major cardiovascular risk factors, both with life style changes, 
such as stopping smoking, a healthy diet, and with pharmacological 
interventions, aimed at reducing hypertension or dyslipidemia. 
Secondary prevention intervenes, after making an early diagnosis of 
the atherosclerotic disease and it is designed to reduce or even stop 
the degenerative arterial process. In this context, specific therapies, 
such as antiplatelet agents, are aimed at improving the blood rheology, 
increasing its fluidity, determining a greater vasodilation to avoid or 
minimize the chronic limb ischemia, as explained below.

Modification of cardiovascular risk factors

The first intervention to be implemented in a LEAD patient is to 
reduce as much as possible the factors that affect its cardiovascular risk 
profile. This measure aims to reduce the morbidity and mortality from 
cardiovascular causes.

Stopping smoking is strongly recommended, since it has been 
shown that non-smokers or former smokers with peripheral artery 
disease (PAD) and PAD patients who quit smoking have a survival rate 
twice longer than that of patients with PAD who continue smoking 
[12]. The highly motivated patient can undergo behavioural therapies 
or use, under medical supervision, drug therapies that include 
bupropion, nicotine and varenicline [13-15].

The lipid-lowering treatment has a pivotal role in reducing the rate 
of adverse cardiovascular events. This has been demonstrated in the 
Heart Protection Study with a large trial involving 20,000 subjects, where 
treatment with simvastatin reduced the rate of cardiovascular events 
by 25% in atherosclerotic patients, among which 6700 were suffering 
from PAD [16]. An author of the study interestingly showed that less 
than one third of the enrolled patients were receiving appropriate 
lipid- lowering therapy; in addition, the trial highlighted a reduction in 
peripheral vascular events with statins, which has not been reported in 
any previous study [16]. Other studies have confirmed the protective 
effect of lipid-lowering therapy in patients with PAD [17]. In addition, 
in the TREADMILL (Treatment of Peripheral Atherosclerotic Disease 
with Moderate or Intensive Lipid Lowering) study it has been shown 
that treatment with atorvastatin 80 mg daily significantly increased the 
walking distance without pain compared to placebo[18].Statins are also 
able to improve the lower limb functionality, increasing the walking 
distance and speed [19]. These findings encourage the achievement 
of LDL cholesterol (LDL-C) target levels in these patients at very high 
cardiovascular risk and, specifically, according to the latest guidelines, 
preferably <70 mg/dl or, if it is not possible, a 50% LDL-C reduction 
compared to basal [20]. Unfortunately, there is poor evidence for 
the other currently used lipid-lowering therapies on LEAD, such as 
fibrates, ezetimibe and niacin [21].

Certainly, the role of antidiabetic therapy becomes predominant, 
since several clinical trials have shown its beneficial effect on the 
cardiovascular events risk [22,23]. In several clinical trials, in fact, it 
has been highlighted how the duration and severity of the diabetic 
disease may affect the LEAD stages [24,25]. Unfortunately, there are 
conflicting data regarding the effect of antidiabetic therapy on PAD, 
especially in patients with type 2 diabetes, such as in the UKPDS 
(United Kingdom Prospective Diabetes Study), where a reduction in 
myocardial infarction episodes (about 15%) with insulin or sulfonylurea 
treatment was highlighted, without evidence of improvement in the 
risk of PAD incidence [26]. In particular, in another study conducted 

in 2005, there was no evidence of benefit from the use of pioglitazone 
on adverse outcomes in atherosclerotic patients, some of those with 
PAD [27]. Even in the VADT (Veterans Affairs Diabetes Trial) study, 
an intensive glucose control did not affect the primary composite 
endpoint of myocardial infarction, stroke, cardiovascular death, heart 
failure, revascularization and amputation for ischemic gangrene [28]. 
The current European guidelines, however, are in favour of both oral 
antidiabetic and insulin therapy in various formulations to counteract 
the adverse effects of high and uncontrolled blood sugar level on 
macro and microcirculation; target glycated haemoglobin levels are 
considered <7% [29]. Despite the controversial data from the literature, 
as mentioned above, we believe that an optimal control of glucose 
homeostasis is of benefit for diabetic patients, because it protects them 
from various adverse cardiovascular outcomes.

The blood pressure control is another key element of LEAD 
treatment [30].In fact; the ABCD (Appropriate Blood Pressure Control 
in Diabetes) study demonstrated that an intensive blood pressure 
control is better to reduce the incidence of cardiovascular events 
rather than more moderate intervention [31]. However, the authors 
acknowledged that the study was a post hoc analysis and the number 
of established cardiovascular events was small. ACCORD (Action to 
Control Cardiovascular Risk in Diabetes) trial disagreed with the results 
of this study conducted in diabetic patients at high cardiovascular risk 
and showed no difference in terms of cardiovascular outcomes between 
intensive antihypertensive therapy (target SBP <120 mm Hg) compared 
to the standard (target SBP <140 mmHg) [32]. Unfortunately, in a 
recent study conducted in 2010, the proportion of patients whose 
blood pressure was kept under control was lower among those with 
PAD than among those with CAD (coronary artery disease) or CVD 
(cerebrovascular disease) [33]. It would therefore be useful to promote 
a more effective blood pressure control in these patients to improve 
their outcomes and prevent complications primarily related to PAD. In 
addition, contrary to what was believed in the past [34], beta-blockers 
therapy did not lead to any significant deterioration in walking ability in 
a group of subjects with intermittent claudication [35]. In any case, due 
to the lack of studies involving large populations, it would be indicated 
to use this class of drugs with caution, where they are indicated. Instead, 
researchers have not demonstrated specific beneficial effects with the 
ACE inhibitors for walking distance in patients with PAD, but they 
encourage their use as antihypertensive drugs since they determine a 
prognostic cardiovascular improvement [36].

Exercise therapy
It is well established that physical therapy improves functional 

status in LEAD patients, their symptoms and exercise capacity 
[37]. In addition, it is advisable to direct the patient to a supervised 
exercise program rather than an uncontrolled one, since it has 
been demonstrated a better efficacy in terms of improvement of the 
maximum walking distance and cardiovascular parameters of response 
to exercise [38,39]. Generally, physical training programs last three 
months, with 3 weekly sessions lasting 30-60 minutes each and with a 
gradual increase in the effort intensity [40]. After the completion of an 
exercise training program, physicians generally recommend the patient 
to continue with a regular routine exercise [41]. A recent prospective 
study including 47 patients with intermittent claudication suggested 
kinesitherapy and electrotherapeutic procedures as alternatives to 
conventional nonsurgical treatment [42], opening new perspectives of 
research in this area. Kinesitherapy, also called “movement therapy”, is 
a therapeutic practice mainly used for rehabilitation purposes, which, 
through a series of specific movements, is able to restore the function 
of individual muscles or of entire muscle groups.
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Pharmacological therapy

Over time, studies evaluating the onset of major cardiovascular 
events in patients with PAD have found that despite the correction 
of cardiovascular risk factors a high degree of progression of the 
disease to more serious stages still exists. This suggests that risk 
factors reduction alone is insufficient in controlling the disease course; 
therefore, other therapeutic measures can be beneficial. Antiplatelet 
drugs, such as ticlopidine, clopidogrel and aspirin, are indicated for 
their effectiveness in reducing, significantly, the incidence of major 
cardiovascular events in secondary prevention of patients with 
atherothrombotic disease [43]; this efficacy was not confirmed in 
primary prevention [44]. In presence of PAD associated with type 2 
diabetes, some authoritative scientific organizations recommend a 
widespread use of aspirin (75-162 mg/day in primary prevention; 75-
250 mg/day in secondary prevention [29,45,46]. In a meta-analysis 
(18 studies from 1966 to 2008, more than 5000 patients with LEAD), 
aspirin alone or combined with dipyridamole did not induce, in treated 
patients, significant effects on total or cardiovascular mortality, nor on 
myocardial infarction, while there was a significant reduction in the 
incidence of stroke [47]. Ticlopidine is an antiplatelet agent that has 
demonstrated favourable effects in LEAD as it reduces the symptoms 
of claudication, increases the mobility and improves the ABI (ankle-
brachial index) [48]. Researchers also demonstrated a significant 
reduction in overall mortality in patients with claudication treated 
with ticlopidine compared to those treated with placebo, due to a 
marked decrease in coronary deaths [49]. In LEAD, ticlopidine (at the 
dosage of 250 mg twice a day) can be considered a second choice, as 
an alternative to low-dose ASA (acetylsalicylic acid), in patients who 
experienced serious side effects from ASA or had cerebrovascular 
events despite antiplatelet treatment with aspirin. Clopidogrel is an 
antiplatelet drug structurally very similar to ticlopidine from which 
it differs only for the presence of a carboxymethyl group [50] in its 
molecule. The effectiveness of this drug was studied by a comparative 
study called CAPRIE (Clopidogrel Versus Aspirin In Patients At Risk 
Of Ischaemic Events), which compared the use of clopidogrel (at 
a dosage of 75 mg daily), with ASA (325 mg daily), administered to 
over 19,000 patients with ascertained atherosclerotic vascular disease 
(recent ischemic stroke, myocardial infarction, symptomatic LEAD) 
[50]. This trial showed a modest difference in the effectiveness of 
clopidogrel compared with ASA regarding the main observed events 
(stroke, heart attack, vascular death), anyway a statistically significant 
(p=0.043) relative-risk reduction of 8.7% was in favour of clopidogrel 
(95% Cl: 0.3-16.5).

The antatherothrombotic therapy should be associated with drugs 
able to improve walking capacity, and therefore blood flow. Among the 
most used in Europe there are:

1. Pentoxifylline, capable of improving erythrocyte 
deformability and of reducing the levels of fibrinogen and platelet 
aggregation [51].

2. Naftidrofuryl, an inhibitor of the serotonin receptor, which 
improves aerobic metabolism of hypoxic tissues [52].

3. Buflomedil, inhibitor of α1 and α2 adrenergic receptors, also 
equipped with a calcium antagonist activity [52].

4. Cilostazol, a type III phosphodiesterase inhibitor, with 
vasodilator and antiplatelet activity [53].

5. Propionyl-L-Carnitine, equipped with a mechanism of action 
favouring the metabolic clearance of the anomalous accumulation of 

acylcarnitine that occurs in skeletal muscle of arteriopathic patients, 
condition known as metabolic myopathy. Several clinical trials have 
demonstrated the efficacy of this drug on walking capacity and quality 
of life in patients with intermittent claudication, while a recent study 
has confirmed its efficacy in diabetic PAD patients [54,55].

To date, the only FDA-approved drugs to improve the functional 
capacity in patients with LEAD are pentoxifylline and cilostazol. 
However, these drugs have demonstrated a limited ability to improve 
the walking autonomy of these patients [56]. In 2012, a study [57] 
was performed to evaluate the efficacy of pentoxifylline and cilostazol 
on pain symptoms during walking through advanced biomechanical 
analysis. The authors of this study enrolled 24 patients with intermittent 
claudication and evaluated the following parameters: the distance 
covered free from claudication, the parameters of kinematics and 
walking speed at the beginning and after 12 weeks of treatment with 
cilostazol or pentoxifylline. The authors have shown no significant 
improvements after 12 weeks of treatment with either cilostazol or 
pentoxifylline on the gait biomechanics of PAD patients during pain. 
Therefore, these drugs showed reduced relevance in the treatment 
of gait dysfunction during pain in patients with PAD. Cilostazol is 
indicated to improve maximal walking distances without pain in 
patients with intermittent claudication, who are free of pain at rest 
and without evidence of peripheral tissue necrosis (peripheral arterial 
disease Fontaine stage II). It is indicated; however, in the second line 
for patients whose changes in lifestyle and physical activity programs 
and other appropriate interventions did not improve sufficiently the 
symptoms of claudication.

New (stem cell and gene therapy) and alternative therapies

Despite advances in revascularization and pharmacological 
treatment, often physicians are unable to control the pain of a severely 
ischemic limb and preserve its vitality. Therefore, research is oriented 
towards alternative methods of treatment. Various alternative therapies, 
which are different from the classical ones, have been proposed for 
the LEAD treatment, but with unsatisfactory results. For example in 
2008 it was studied the effect of Ginkgo biloba (a plant whose leaves 
are rich in polyphenols and flavonoids with vasoprotective properties) 
on covered distance in patients with LEAD [58]. In this trial, 62 adults 
with symptomatic LEAD were randomized to treatment with 300 mg 
of Ginkgo biloba or placebo. Unfortunately, there were not statistically 
significant differences regarding the maximal treadmill walking time 
and the flow-mediated vasodilation of the brachial artery as assessed 
by ultrasonography.

One promising approach concerns the intermittent pneumatic 
compression (IPC), which determines an improvement in walking 
distance without claudication and the ABI after exercise [59]. 
Classically, this type of treatment is used in the phlebologic therapy for 
the treatment of venous leg ulcers, prophylaxis of deep vein thrombosis, 
while in lymphology it is used for the treatment of lymphedema [60-
62]. Its role in LEAD is promising, since it has been demonstrated its 
effectiveness in increasing the oxygenation of the extremities in patients 
with severe forms of this disease. It also promotes better hemodynamic 
response and improved treatment compliance by patients [63]. In 
addition, this treatment increases the flow at the level of the popliteal 
or infragenicolate arteries [64].

Recently the role of extracorporeal shockwave therapy in the 
treatment of LEAD has been suggested. A clinical double blind trial was 
conducted [65] to test the effects of the shockwave therapy on peripheral 
arterial circulation in patients with LEAD and ABI <0.7. At the end of 
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the treatment, which included 4 sessions of shock waves distributed in 
4 weeks, the ABI values, the degree of stenosis and/or occlusion of the 
plaques were evaluated. Some patients have been treated in more than 
one area of stenosis/vascular occlusion, others only in one, for a total of 
19 vascular locations in the treated group and 14 in the control group. 
By measuring the ratio between the brachial and the tibial systolic 
blood pressure, ie the ABI, in both controls and the treated subjects, 
it was shown that in the latter there was an increase of this value, 
indicative of an improvement of the disease stage. In subjects treated 
with shock waves, there was a discrete reduction of vascular stenosis, 
while in some patients it was possible to observe the recanalization of 
the same. Furthermore, the variation of the degree of stenosis before 
and after treatment between the two groups was statistically significant 
with a p value <0.001. The authors have also shown an improvement 
in pain symptoms, noting a reduction in class Fontaine after therapy 
in 63% of patients in the treatment group and in no case in the control 
group. The extracorporeal shockwave therapy in patients suffering 
from LEAD can be an interesting medical approach in order to 
improve the natural clinical history of the disease, not only responsible 
for an important reduction in the patients quality of life, but also for 
severe organ damage likely to compromise, in the latest stages, the very 
vitality of the affected limb. This method provides a third therapeutic 
weapon next to the medical and surgical one, suggested not necessarily 
as an alternative, but perfectly complementary with them.

Research in recent years has dealt with the development of new 
promoters of angiogenesis agents and stem cells stimulating the 
creation of collateral circulation useful to compensate the ineffective 
perfusion of atherosclerotic arteries. The angiogenic growth factors 
(AGF), especially the Vascular Endothelial Growth Factor (VEGF), 
the basic Fibroblast Growth Factor (bFGF) and the Hepatocyte 
Growth Factor (HGF) have been taken into account in several clinical 
trials. For example, researcher demonstrated that the intramuscular 

administration of gene therapy with AGF improves peripheral 
vascularization and symptoms in patients with severe LEAD [66-68]. 
Back in 1996, some authors proposed the intra-arterial administration 
of gene therapy with VEGF using plasmids as vectors in patients with 
pain at rest and/or arterial ulcers, who were not good candidates for 
conventional revascularization techniques [69]. Subsequently it has 
been proposed the use of adenovectors carrying VEGF intramuscularly 
injected in patients suffering from severe LEAD [70]. These were well 
tolerated and safe in patients with CLI undergoing a single dose of this 
drug [71]. In 2008, the group of Hobo proposed the transplantation 
of smooth muscle cells as a therapy able to release number factors 
in ischemic tissues, which favour the angiogenic cells migration and 
their integration with newly formed vessels [72]. The use of stem 
cells derived from bone marrow [73] or cytokines such as monocyte 
chemoattractant protein 1 (MCP-1) have been proposed as a viable 
option for the so-called “angiogenic therapy”.

The first study that dealt with the long- term (3 years) safety and 
efficacy of angiogenic mononuclear cell transplantation derived 
from bone marrow was the TACT (Therapeutic Angiogenesis by 
Cell Transplantation) trial [74]. Involving patients with PAD and 
thromboangiitis obliterans (Buerger’s disease), this trial showed a 
significant improvement in the “leg pain scale”, the size of ulcers and 
in the walking distance free from pain that lasted for almost 2 years 
after therapy. In addition, the efficacy and safety of angiogenic cell 
transplantation was not inferior to the conventional revascularization 
techniques. The use of stem cells has been confirmed in several clinical 
trials that have shown a marked improvement in ischemic symptoms 
and faster healing of ulcers [75].

Unfortunately, despite promising results, a recent meta-analysis 
has not shown any clinical benefit of gene therapy in patients with 
LEAD, regardless of the severity of the disease [76]. In fact, the real 

Aspirin
2-(acetoxy)benzoic acid

Clopidogrel
(+)-(S)-methyl 2-(2-chlorophenyl)-2-(6,7-dihydrothieno[3,2-c]pyridin-5(4H)-yl)
acetate

Ticlopidine
5-(2-chlorobenzyl)-4,5,6,7-tetrahydrothieno[3,2-c]pyridine

Pentoxifylline
1-(5-oxoexil)-3, 7-dimetilxantine
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mechanisms of therapeutic effect offered by stem cells are poorly 
understood [77-79]. Further studies will be needed to clarify this and to 
highlight whether there are beneficial effects on long-term functional 
capacity and morbidity of these patients, Table 1.

Conclusion
The therapy of LEAD still leads to multiple development prospects. 

In addition to the effectiveness and efficacy of the physical therapy 
(controlled training programs to improve the maximal walking 
distance) and the usually used drugs (such as cilostazol, pentoxifylline 
and antiplatelet drugs), new treatments aimed at improving the 
functional status of these patients are recently being offered. Indeed, 
according to preliminary data, researchers highlighted interesting 
results about the use of drugs-promoting angiogenesis and stem cells. 
Further study will be useful, especially clinical trials involving larger 
patient populations to confirm these results.
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