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Abstract 
 
Peripheral artery disease (PAD) is one of the most frequent manifestations of atherosclerosis 
with high rates of morbidity and mortality. Platelets and coagulation are involved in the 
progression of atherosclerosis and thromboembolic complications. PAD patients have 
increased pro-thrombotic potential, which includes platelet hyperaggregability and increased 
pro-coagulant state. Therefore, antithrombotic treatment is of utmost importance for the 
prevention of cardiovascular events in this group of patients.  
 
Aspirin is the basic antiplatelet drug, but with limited efficacy in PAD. In contrast to coronary 
artery disease, its effect on the prevention of cardiovascular events in PAD has been limited 

proven. Particularly in asymptomatic PAD, there is no evidence for risk reduction with aspirin. 
Clopidogrel and ticagrelor are more effective than aspirin. Clopidogrel is thus an effective 
alternative to aspirin for prevention of cardiovascular events in symptomatic PAD. In patients 
who are non-responders to clopidogrel, ticagrelor is indicated. 
 
Dual antiplatelet treatment (DAPT) with aspirin and ticagrelor in patients with coronary artery 
disease and concomitant PAD significantly decreased the rate of major adverse cardiovascular 
events, including adverse limb events. However, in the CHARISMA trial, aspirin and clopidogrel 
were not more effective than aspirin alone and increased bleeding complications. Therefore, 
DAPT seems effective only in PAD accompanied by coronary artery disease. 
 
Anticoagulant treatment for symptomatic PAD with vitamin K antagonists alone or in 
combination with aspirin is not more effective than single antiplatelet treatment but increases 
the rate of major bleeding. Low dose rivaroxaban combined with aspirin in PAD patients 
significantly reduces cardiovascular events, including limb-threatening ischemia and limb 
amputations.  
 
Anticoagulation and antiplatelet treatment after percutaneous or surgical revascularization of 
PAD improve the patency of treated vessels. Aspirin with or without dipyridamole improved 
patency of infra-inguinal by-pass grafts at one year. The combination of clopidogrel with 
aspirin was more effective than aspirin alone in the prevention of prosthetic graft occlusions 
in patients undergoing below-knee by-pass-grafting. Oral vitamin K antagonists were not more 
effective than aspirin in the prevention of infra-inguinal by-pass occlusion. The combination 
of low dose rivaroxaban and aspirin was effective in preventing major adverse cardiovascular 
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events and adverse limb events after infrainguinal endovascular or surgical revascularization 
in patients with intermittent claudication. However, the data on antithrombotic treatment 
after revascularization for limb-threatening ischemia is scanty and inconclusive.  
In conclusion: Antithrombotic treatment of PAD is a cornerstone for the management of these 
patients. Antiplatelet drugs prevent the initiation and progression of atherosclerosis and are 
effective also in the prevention of thromboembolic events. Simultaneous use of antiplatelet 
and anticoagulation drugs is accompanied by an increased risk of bleeding. However, 
combined treatment with aspirin and low-dose rivaroxaban is more effective than single 
antithrombotic treatment and safer than full-dose combined treatment. 
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Introduction 
 
Cardiovascular atherosclerotic diseases are the leading cause of morbidity and mortality in 
developed and developing countries. Peripheral artery disease (PAD) represents one of the 
most frequent manifestations of atherosclerosis with heightened morbidity and mortality. The 
mortality risk is more than doubled in symptomatic PAD patients compared to subjects 
without PAD and is increased by the severity of the disease 1. Prevention of progression of 
local disease and future cardiovascular events represents the main objective of PAD treatment 
2,3. Similarly, as in other atherosclerotic diseases prevention of PAD consists of controlling risk 
factors (e.g. smoking, diabetes, hypertension, dyslipidemia) and prevention of disease 
progression using antithrombotic drugs: antiplatelets and anticoagulants 4. 
 
Platelets and coagulation play a very important role in the genesis, progression of 
atherosclerosis, and thromboembolic complications. Platelets are known to contribute to the 
early stages of atherosclerosis such as endothelial dysfunction 5, and also to final events such 
as rupture of vulnerable plaque 6. Platelets participate in atherogenesis by chemokine release 
7, a surface association to oxidized LDL 8, the release of microparticles 9, and release  
inflammatory mediators 10.  
Evidence is also accumulating on the involvement of coagulation proteins in atherosclerosis 
and atherothrombosis. Coagulation proteins not only play a role in fibrin formation and 
platelet activation but also mediate various biological and pathophysiologic processes, which 
activate protease-activated-receptors (PARs). Therefore, in patients with atherosclerotic 
disease, despite antiplatelet therapy, the residual atherothrombotic risk remains substantial 
11. 
Observational studies have shown that PAD patients have increased prothrombotic potential, 
which includes platelet hyperagregability and increased levels of some clotting factors. 
Patients with lower limb PAD have higher baseline collagen-induced aggregation compared to 
healthy controls and also in comparison to coronary artery disease patients PAD patients 
manifest platelet hyperagregability 12. Further, a higher percentage of platelets expressing P-
selectin on their surface was found in PAD patients compared to healthy controls 13. Platelet 
activity as assessed by flow cytometry and aggregation increased with the progression of the 
severity of PAD 14. Enhanced platelet activation in PAD patients may substantially contribute 
to adverse outcomes and may partially explain non-responsiveness to aspirin in these 
patients. 
Studies also indicated that PAD patients have increased pro-coagulant state and decreased 
fibrinolytic potential 4. It was shown that particularly patients with severe PAD have enhanced 
thrombin activation, which could be a consequence of the pro-inflammatory state of this 
group of patients 15. These findings underline the importance of antithrombotic treatment in 
PAD, suggesting combined treatment with antiplatelet and anticoagulant drugs. 
Most trials evaluating antithrombotic therapy in PAD have limited value because of the small 
sample size, heterogeneity of the study population, and different endpoints. Statements of 
guidelines on the management of PAD are mostly based on data derived from subgroup 
analyses of large randomized trials including patients with different forms of atherosclerotic 
disease 16. There are some discrepancies between the actual European Society for Cardiology 
(ESC)2 and American Heart Association/American College of Cardiology (AHA/ACC)17 
guidelines. Therefore, this article aims to comment on existing guidelines and upgrade them 
with recent findings. 
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Antiplatelet treatment of asymptomatic PAD 

 
Patients with asymptomatic PAD are at increased risk for ischemic events in the coronary, 
cerebrovascular, and lower extremity arteries.18,19 However, in asymptomatic PAD, there is no 
evidence for risk reduction with aspirin. Patients with diabetes who had reduced ankle-
brachial pressure index (≤ 0.99) but no symptomatic cardiovascular disease, did not benefit 
from aspirin 100 mg daily. There was no difference in the incidence of cardiovascular events 
(lethal and nonlethal myocardial infarction (MI), stroke, cardiovascular mortality) or major 
amputations compared to placebo.20 Similar results were found in a general population 
cohort, aged 50-75 years at inclusion, without overt cardiovascular disease but with decreased 
ankle-brachial pressure index (≤ 0.95). After a mean follow-up of 8.2 years, there was no 
difference between the aspirin group and the placebo group in the primary composite end-
point (fatal or nonfatal coronary events, stroke, or revascularization), no difference in the 
secondary endpoint (angina pectoris, claudication, or transient ischemic attack), and no 
difference in all-cause mortality.21 No other antiplatelet agent has been systematically 
evaluated in patients with asymptomatic PAD.22 
The European Society for Cardiology and European Society for Vascular Medicine guidelines 
on PAD advise against antiplatelet treatment of patients with asymptomatic PAD 2,23. 
 
 

Antithrombotic treatment for symptomatic PAD 
 
Antiplatelet therapy is widely used in the prevention of adverse cardiovascular events in 
patients with symptomatic PAD. However, the risk of these events remains high, and the 
optimal antithrombotic therapy for PAD is still uncertain.  
 
Single antiplatelet therapy 
 
Management of PAD is based on comprehensive risk factor management including smoking 
cessation and control of hypertension, diabetes, and hypercholesterolemia. Aspirin is still the 
most frequently used antiplatelet agent for the prevention of cardiovascular events in patients 
with symptomatic PAD 24. A meta-analysis of 42 trials comprising 9,214 patients with 
symptomatic PAD demonstrated that antiplatelet treatment was associated with a 23% lower 
odds of serious vascular events. However, in the trials included, aspirin was used only by 
approximately ¼ of patients. The meta-analysis of Berger and co-workers that included more 
than 5,000 individuals examined the efficacy of aspirin with or without dipyridamole 
compared with placebo in PAD patients.25 It was shown that in patients with PAD, treatment 
with aspirin alone or in combination with dipyridamole was not effective in the prevention of 
cardiovascular events, and non-fatal stroke was the only significantly reduced end-point.25 
Based on the available data, the U.S. Food and Drug Administration has not approved aspirin 
for PAD 26. Therefore, it is a question of whether aspirin can still be recommended as the drug 
of choice for the management of patients with PAD? 27  
In the context of single antiplatelet therapy of symptomatic PAD, the P2Y12 inhibitors 
clopidogrel and ticagrelor have been studied. In the Clopidogrel versus Aspirin in Patients at 
Risk of Ischemic Events (CAPRIE) trial which included 19,185 patients with either MI, ischemic 
stroke, or symptomatic PAD, clopidogrel was compared to aspirin. The subgroup analysis of 
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PAD patients (n=6,452) demonstrated that clopidogrel was significantly more effective than 
aspirin with an additional 24% risk reduction of major adverse cardiovascular events (MACE). 
On this foundation, both the European Society of Cardiology (ESC) and the American College 
of Cardiology/American Heart Association (ACC/AHA) guidelines favor the use of 
clopidogrel.2,17 Recently, the EUCLID trial (Examining Use of Ticagrelor in Peripheral Artery 
Disease), investigated the efficacy of ticagrelor in comparison to clopidogrel. The study 
included 13,885 patients with PAD with a mean follow-up of 2.5 years. No significant 
difference in MACE between ticagrelor and clopidogrel treatment arms was found.28 Major 
bleeding rates or limb revascularizations were similar between the groups. Therefore, the 
efficacy and safety profile of ticagrelor was comparable to clopidogrel in PAD patients. It was 
concluded that in patients with PAD who are non-responders to clopidogrel, ticagrelor 
monotherapy may be considered as an effective alternative.29 The preferred use of clopidogrel 
was confirmed in an extensive network meta-analysis, where also trials examining the 
potential additional benefits of voraxapar or picotamide, and combinations with dipyridamole 
or ticlopidine were included.30 However, another recently published systematic review didn’t 
confirm the superiority of clopidogrel over aspirin as a single antiplatelet agent in patients 
with chronic PAD.31 
 

Non-responsiveness to antiplatelet therapy  
Although the guidelines unequivocally recommend the use of either clopidogrel or aspirin for 
the management of patients with PAD, it is also well documented that a significant number of 
patients suffer from so-called “antiplatelet non-sensitivity”. For aspirin, the ineffectiveness of 
platelet inhibition was found in up to 30-60% of patients.32 The exact mechanism of this 
phenomenon is not entirely understood, but it can be described as either pharmacokinetic or 
pharmacodynamic.33,34 The terms “aspirin resistance” and “clopidogrel resistance” are used 
to describe patients with higher platelet reactivity than the reference range despite 
antiplatelet therapy, who are therefore exposed to a greater risk for ischemic events. 35,36  A 
meta-analysis of studies analyzing aspirin or clopidogrel resistance showed that aspirin and 
clopidogrel resistance is significantly associated with CV events at a population level (relative 
risk of 2.09 and 2.80, respectively).37  Besides drug resistance to prevent platelet activation, 
other factors like platelet hyperactivity, increased rate of platelet turnover, increased rate of 
drug metabolism and excretion, drug to drug interactions, malabsorption, as well as poor 
patient compliance determine the efficacy of some antiplatelet drugs.33,34,38 Therefore, 
instead of “resistance” the term “non-responsiveness” is better suited. It also explains the 
absence of a definite relationship between laboratory findings of platelet function and clinical 
outcomes.39 Nevertheless, it seems plausible that non-responsiveness to aspirin depends also 
on the type of atherosclerotic disease. There is evidence that the adverse effects of 
antiplatelet resistance are especially pronounced in PAD.35 Patients with PAD are at the 
highest risk for cardiovascular events because of their huge atherosclerotic burden, which 
constantly contributes to platelet activation and thromboxane production via contact 
activation and turbulent flow.13  
 
How to overcome non-responsiveness to aspirin and clopidogrel? 
 
First, it is important to check and eliminate all factors independent of the metabolism of the 
antiplatelet drugs which can affect drug efficacy, like non-compliance, and to identify other 
factors that could influence the effect of aspirin or clopidogrel, like the presence of diabetes, 
kidney disease, inflammation and obesity, which are characterized by increased platelet 
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aggregation.40 In some patients, drug non-responsiveness may be a temporary manifestation 
and within seven days, both aspirin and clopidogrel (without a loading dose) reach a steady-
state drug level. 41 One of the approaches to overcome antiplatelet non-responsiveness is to 
increase the drug dose.42 In diabetic patients, 100 mg of aspirin was demonstrated as too low, 
and increasing the dose to 300 mg led to significantly increased platelet inhibition.43 Increased 
loading and maintenance doses of clopidogrel also have been found to decrease the 
“resistance” in comparison to lower doses.44 One of the options to improve the management 
of antiplatelet non-responsiveness is the use of the Bochum Clopidogrel and Aspirin Plan 
(BOCLA-Plan), incorporating a test and treatment strategy. It was shown that this strategy 
effectively eliminated aspirin non-responsiveness by dose modification.45 It was also shown 
that twice-daily enteric-coated aspirin at 100 mg dose was superior to once-daily aspirin at  
200 mg dose, which was in turn superior to a once-daily dose of 100 mg of a plane or enteric-
coated aspirin46. Finally, one of the solutions to antiplatelet drug non-responsiveness is to add 
another antiplatelet drug to induce the additive effect. In summary, to achieve the desired 
pharmacological effect of the antiplatelet therapy, it is important to consider personalization 
of the treatment by monitoring both antiplatelet sensitivity, where the choice of the 
laboratory method may be important, as well as the patient compliance.37,39,47  
 
Dual antiplatelet strategy (DAPT) 

The combination of antiplatelet therapy was investigated in different clinical trials. The 
Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization Management and 
Avoidance (CHARISMA) trial randomly assigned 15,603 patients with established CV disease 
or multiple risk factors, either to aspirin and clopidogrel or aspirin monotherapy.48 DAPT 
reduced the primary end-points (MI, stroke, or CV death) only in the subgroup of patients with 
established CV disease. Also in the subgroup of PAD patients (3,096 in this study), the 
CHARISMA trial showed no significant difference in primary end-point in DAPT and aspirin 
group. A non-significantly lower rate of peripheral arterial by-pass surgery was registered in 
the DAPT group (p=0.07). However, the risk of leg amputation was similar.49 In the DAPT 
group, mild bleeding was significantly increased. The Trial Heart Attack Using Ticagrelor 
Compared to Placebo on Background of Aspirin – Thrombolysis In Myocardial Infarction 54 
(PEGASUS-TIMI 54) included 21,162 patients who suffered MI of whom 1,143 (5%) had prior 
PAD. In this trial, the effect of aspirin plus ticagrelor was compared to aspirin monotherapy.50 
In the PAD group of patients, the combination of aspirin plus + 160 mg of ticagrelor (but not 
90 mg of ticagrelor) significantly decreased the rate of MACE.51 Also, major adverse limb 
events were reduced in patients with dual antiplatelet treatment. No significant differences 
in major bleeding were observed between groups.  
 
In the study of Platelet Inhibition and Patient Outcomes (PLATO), the efficacy of ticagrelor 
with aspirin was compared to clopidogrel with aspirin in patients who had acute coronary 
syndrome.52 In a sub-group analysis of 7,144 PAD patients, MACE were non-significantly lower 
in the ticagrelor group compared with the aspirin group.53 
 
In two coronary trials Prolonging Dual Antiplatelet Treatment after Grading Stent Induced 
Intimal Hyperplasia Study (PRODIGY) a long versus short duration of DAPT after coronary 
stenting in patients with stable coronary artery disease or acute coronary syndromes were 
compared.54 In the PRODIGY trial, clopidogrel with aspirin for 24 months in comparison to 6 
months did not significantly reduce MACE but doubled the risk of bleeding. However, in the 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

subgroup of PAD patients, there was a significant reduction of MACE with the long-term 
treatment group. 55 
 
Protease-activated receptor1 antagonists 
Thrombin activates platelets through two protease-activated receptors (PARs), PAR-1 and 
PAR-4.56 Selective PAR-1 blockade results in potent inhibition of thrombin-induced platelet 
aggregation.57 Vorapaxar is an oral competitive PAR-1 antagonist that inhibits thrombin-
induced platelet aggregation. The effect of Vorapaxar in conjunction with other antiplatelet 
agents was examined in the Thrombin Receptor Antagonist in Secondary Prevention of 
Atherothrombotic Ischemic Events – Thrombolysis In Myocardial Infarction (TRA-2*P-TIMI50) 
and Thrombin Receptor Antagonists for Clinical Event Reduction in Acute Coronary Syndrome 
(TRACER) studies.56,58 In the sub-group of PAD patients in the TRA-2°P-TIMI50 trail, Vorapaxar 
did not significantly reduce MACE.59 However, Vorapaxar did reduce the risk of several adverse 
limb events including the development of acute limb ischemia and peripheral 
revascularization. 60 In TRACER Study, 936 patients with PAD were included. There was no 
significant reduction in MACE and a non-significant reduction in peripheral revascularization 
procedures as well as lower extremity amputation in the sub-group of PAD patients treated 
with Vorapaxar. 61 
 
Anticoagulation and new oral anticoagulants on top of antiplatelets 
 
Beyond platelets, other mechanisms are involved in thrombus formation, particularly 
coagulation. In this regard, an increasing interest has been focused on pharmacological 
approaches to inhibit coagulation in addition to antiplatelet therapy, referred to as dual 
antithrombotic pathway inhibition (DAPI).62 In addition to platelets, thrombi contain fibrin 
which is produced by the coagulation pathway.63 Coagulation factors, particularly factor Xa 
and thrombin are critical for platelet activation and development of inflammation which 
promotes thrombus formation. Thrombin activates platelet receptors PAR-1 and PAR-4 as key 
mechanisms of platelet activation. For these reasons, inhibitors of different coagulation 
factors were used for thrombotic risk reduction. 
In the past, the effect of classical anticoagulant drugs, like warfarin (vitamin K antagonists) in 
addition to aspirin and other antiplatelet drugs was investigated. A combination of warfarin 
and antiplatelet agent (aspirin, ticlopidine, or clopidogrel) versus antiplatelet treatment alone 
was studied in the Warfarin and Antiplatelet Vascular Evaluation (WAVE) trial.64 No significant 
differences in the primary outcome including MI, stroke, or severe lower extremity ischemia 
were observed among patients receiving warfarin plus antiplatelet therapy compared to 
antiplatelet therapy alone. However, an increased risk of life-threatening bleeding was 
observed in the warfarin plus antiplatelet group compared to antiplatelet therapy alone. 
These findings indicate that there is no benefit of the addition of warfarin to antiplatelet 
therapy for the reduction of thrombotic events in patients with PAD. Therefore, moderate-
intensity warfarin treatment would be acceptable only in the presence of co-existing 
indications such as atrial fibrillation or recent venous thrombosis. Otherwise, there is no 
indication for full-dose oral anticoagulation with vitamin K antagonists in patients with PAD.23  
The efficacy of warfarin in the PAD population has also been evaluated following surgical 
revascularization to maintain graft patency. The Dutch Bypass, Oral Anticoagulants or Aspirin 
(BOA) trial evaluated anticoagulation with warfarin vs. aspirin 80 mg daily.65 There was no 
difference in the patency rates with warfarin compared to aspirin, respectively. However, 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

subgroup analyses revealed that patients with vein grafts benefited from lower rates of graft 
occlusion with warfarin monotherapy. Patients treated with warfarin experienced an 
increased number of major bleeding compared to aspirin. 66 
 
The recent introduction of novel anticoagulants (especially dabigatran, rivaroxaban, and 
apixaban) and their proven effect in the management of atrial fibrillation and venous 
thromboembolism have stimulated the idea of anticoagulant use for secondary prevention in 
patients with atherosclerotic disease.67 Direct oral anticoagulants (DOACs) have some 
advantages in comparison to vitamin K inhibitors. They selectively inhibit factor Xa or 
thrombin and indirectly inhibit platelet activation.68 For these reasons, particularly factor Xa 
inhibition in combination with antiplatelets is a promising approach to thrombotic risk 
reduction. This idea was tested in the COMPASS (Cardiovascular Outcomes for People Using 
Anticoagulation Strategies) Trial which randomized 27,395 individuals with coronary artery 
disease or peripheral artery disease to three treatment arms: 5 mg rivaroxaban daily, 2.5 mg 
rivaroxaban twice daily plus 100 mg aspirin daily or aspirin alone.69 Approximately 91% of 
patients had a history of coronary artery disease and 27% had PAD. The patients who received 
DAPI had a 24% reduction in the primary MACE and 18% lower all-cause mortality. The 
greatest effect of combined treatment represented the reduction of stroke (by 42%). The 
benefits were consistent across all clinical subgroups with either coronary artery disease or 
PAD or both. In the subgroup analysis of COMPASS which included 6,391 patients with PAD, 
low-doses of rivaroxaban combined with aspirin reduced major adverse limb events by 43%, 
amputations by 58%, and fatal peripheral vascular outcomes by 24%. A significant increase in 
major bleeding without a difference in the fatal or intracranial bleeding was observed in the 
group treated with rivaroxaban on top of aspirin.70 Despite the increase in bleeding in patients 
treated with low-dose rivaroxaban plus aspirin, net clinical benefit was favorable, particularly 
in the high-risk subgroups and in those with multiple risk factors.2 
 
The effect of combined anticoagulant and antiplatelet treatment was also investigated in the 
VOYAGER-PAD trial in 6,564 patients who had undergone infrainguinal percutaneous or 
surgical revascularization for disabling claudication. The patients were randomized to 
rivaroxaban 2.5 mg twice daily plus aspirin or the placebo and aspirin.71 The primary efficacy 
outcome included acute limb ischemia, major amputation of limb for vascular causes, MI, 
ischemic stroke, or cardiovascular death.72 Rivaroxaban significantly reduced the major 
outcomes including limb ischemia, major amputation as well as myocardial infarction, 
ischemic stroke, and cardiovascular death compared with aspirin alone. In the rivaroxaban 
group, major bleeding was increased, but there was no excess of fatal or intracranial bleeding 
events.73 
 
 
Antiplatelet therapy in prevention of cardiovascular events in diabetes 
An excessive mortality and morbidity rate has been reported in patients with both types of 
diabetes mellitus.74 Aspirin is generally effective in preventing cardiovascular events, but the 
efficacy of aspirin and other antiplatelet drugs has been suggested to be low in diabetic 
patients. In the Antithrombotic Trialists Collaboration analysis, antiplatelet treatment in 
diabetic patients did not achieve a statistically significant reduction of major vascular events.75 
Recent evidence indicates that newer antiplatelet drugs may be more effective in the 
prevention of death and morbidity in diabetic patients, particularly in diabetics with PAD. The 
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effect of picotamide – a combined inhibitor of thromboxane A2 synthase and receptor was 
investigated in the DAVID study.76 In this multicentric randomized trial, picotamide was 
compared with aspirin for prevention of mortality and MACE in diabetics with PAD. The 
cumulative incidence of the two years overall mortality was significantly lower among patients 
who received picotamide than in those who received aspirin. In the PEGASUS-TIMI (Prevention 
of Cardiovascular Events in Patients with Prior Heart Attack Using Ticagrelor Compared to 
Placebo on a Background of Aspirin – Thrombolysis in Myocardial Infarction), ticagrelor 
demonstrated reduced rates of MACE. The overall opinion is that is wise to weigh the 
cardiovascular risk of diabetes mellitus before prescribing antiplatelet medication and to 
estimate the risk of bleeding. 
 
Antithrombotic therapy in prevention of adverse limb events 
Current guidelines recommend the use of antiplatelet treatment in patients with PAD to 
reduce the risk of myocardial infarction, stroke, and vascular death.2 However, there is no 
recommendation for antithrombotic treatment to reduce major adverse limb events in PAD 
patients. Little attention was paid to limb outcomes and most studies were underpowered to 
detect the effects on limb outcomes.77 Currently, sub-group analysis of studies dealing with 
events in cardiovascular patients showed the importance of antithrombotic therapies on limb 
outcomes. The PEGASUS-TIMI 54 trial investigated the efficacy of ticagrelor vs. placebo added 
to aspirin. DAPT using ticagrelor plus aspirin compared with aspirin alone reduced MACE 
without increasing major bleeding events.50 More intense antithrombotic therapy (ticagrelor 
plus aspirin) was more effective in reducing the need for limb revascularization and limb 
amputation. Further, the Cardiovascular Outcomes for People Using Anticoagulation 
Strategies (COMPASS) Study which compared combined (low-dose rivaroxaban plus aspirin) 
treatment with aspirin monotherapy, again showed that intensive antithrombotic treatment 
prevents significantly more adverse limb events: amputations and fatal peripheral vascular 
outcomes. Similarly, the Vascular Outcomes Study of ASA Along With Rivaroxaban in 
Endovascular or Surgical Limb Revascularization for Peripheral Artery Disease (VOYAGER-PAD) 
trial confirmed that combined treatment with aspirin and rivaroxaban is more effective than 
aspirin alone in the prevention of vascular events.72 A recent meta-analysis which included 
seven randomized studies enrolling 30,447 patients with PAD found that more intense 
antithrombotic therapy reduces the risk of limb amputation and revascularization as well as 
stroke at the price of an increased risk of bleeding events.77  
 

Anticoagulation and antiplatelet treatment after percutaneous and surgical 
revascularization of PAD 

Despite the benefits of endovascular or open intervention, recurrence rates of occlusions of 
the treated arteries remain high in the long term, which makes the use of complementary 
antithrombotic treatment essential for prolonging vessel patency and reducing the need for 
multiple interventions. However, the level of evidence of the effects of antithrombotic 
treatment is limited.78 Few controlled studies exist on antithrombotic regimens in PAD 
patients undergoing peripheral revascularization. 

Antiplatelet agents reduced the risk of major adverse cardiovascular or cerebrovascular 
events (MACE) by 22% in patients undergoing peripheral arterial grafting for PAD.24 
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Furthermore, a recent Cochrane review suggested a benefit of aspirin with or without 
dipyridamole on infrainguinal bypass graft patency at 1 year.79 The protective effect of aspirin 
was more pronounced in patients receiving prosthetic grafts than vein grafts.  
In the Clopidogrel and Acetyl Salicylic Acid in Bypass Surgery for Peripheral ARterial Disease 
(CASPAR) trial the efficacy of dual antiplatelet therapy with clopidogrel plus aspirin versus 
aspirin alone was compared in patients undergoing below-the-knee bypass grafting.80 After 1-
year follow-up, there was no difference in the composite rate of graft occlusion, 
revascularization, amputation, or death between the 2 arms (35.1% for clopidogrel plus 
aspirin vs. 35.4% for aspirin). A subgroup analysis by type of graft showed a benefit of 
clopidogrel plus aspirin in patients who received prosthetic grafts. Any bleeding was higher 
with clopidogrel plus aspirin than with aspirin alone (16.7% vs. 7.1%, respectively), although 
no significant differences were observed in the rates of severe bleeding between the two 
arms.  
The Dutch BOA (Bypass Oral anticoagulants or Aspirin) trial randomized patients undergoing 
infrainguinal bypass to high-intensity anticoagulation with phenprocoumon or acenocoumarol 
versus aspirin.81 Overall rates of graft occlusion were similar between the 2 arms; however, 
subgroup analysis indicated anticoagulation was associated with better vein graft patency. 
Major bleeding including intracranial hemorrhage was higher with anticoagulation than with 
aspirin.  
A Cochrane meta-analysis identified 3 trials that compared high dose aspirin plus dipyridamole 
with placebo in patients undergoing endovascular revascularization for PAD.82 Aspirin plus 
dipyridamole was associated with superior patency at 6 months. 
The phosphodiesterase 3 inhibitor cilostazol, which has antiplatelet properties, has also been 
studied in small controlled trials of PAD patients undergoing endovascular revascularization; 
however, convincing data for its efficacy are lacking.83 
The combination of antiplatelet and anticoagulant treatment with aspirin plus betrixaban in a 
small study of 129 patients was shown to have overall superior efficacy, with no difference in 
bleeding incidence, compared to aspirin alone. The effects were significant for restenosis, limb 
salvage, survival rates, and cumulative rates of above ankle amputation or death.84 
DAPT with aspirin and clopidogrel is suggested for at least 1 month following stent 
implantation, regardless of stent type, or with aspirin and ticagrelor in PAD patients with 
previous myocardial infarction. Treatment with DAPT (cilostazol plus aspirin) following 
endovascular intervention seems superior to aspirin monotherapy for the prevention of 
restenosis in femoropopliteal segments in critical limb ischemia 83, but not in infra-popliteal 
segments.85 
 
Antithrombotic treatment after revascularization of critical limb ischemia (CLI) 
The majority of published reviews focus on evaluating antithrombotic treatment for PAD in 
general, however, specific data on CLI are sparse.86 Only a few studies were dedicated to CLI 
and even those usually included a mixture of CLI and claudication patients.87 Therefore, 
reliable data regarding antithrombotic therapy for CLI following endovascular procedures do 
not exist.4,16,88  
Some studies suggested that dual antiplatelet therapy reduces post-surgical restenosis and 
amputation for diabetic patients, without increasing major bleeding incidences, compared to 
single antiplatelet therapy. Treatment with DAPT might provide better outcomes than 
monotherapy following endovascular intervention for CLI, but the ideal treatment should be 
tailored to the individual patient.89 Therefore, the efficacy of aspirin in patients with CLI 
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remains elusive and may be related to under-representation of CLI in clinical trials of PAD, 
inefficient aspirin metabolism (i.e., aspirin resistance), and inappropriate dosing.90  
 
Choice of antithrombotic therapy on the dependence of clinical stages of PAD and 
accompanied atherosclerotic diseases  
 
Antithrombotic therapy should be individualized and based on clinical presentation and 
extension of atherosclerotic disease. 29 

- Patients with asymptomatic PAD (low ABI):  
Antithrombotic treatment including antiplatelets is not indicated, 

- Asymptomatic PAD patients with a history of clinically manifested coronary or 
cerebrovascular disease:  
Aspirin or P2Y12 inhibitors (e.g., clopidogrel) or both in patients with ischemic events within 
the past 12 months. 

- Symptomatic PAD patients who do not have clinically manifested coronary or 
cerebrovascular disease:  
Aspirin or clopidogrel is indicated to reduce MACE.91 As there is a lack of evidence for aspirin 
in this group of patients, other antiplatelet agents including clopidogrel which significantly 
reduce MACE are the first choice for treatment of symptomatic PAD. Ticagrelor monotherapy 
can be considered as an effective alternative to clopidogrel. 

- Symptomatic PAD patients who have clinically manifested coronary or cerebrovascular 
disease:  
Single-drug therapy with aspirin or clopidogrel. Treatment with dual antiplatelet therapy with 
clopidogrel and aspirin is not more effective than aspirin alone and causes more major 
bleeding.48 
Combined treatment with low-dose rivaroxaban and aspirin represents an option for the 
treatment of patients with a high ischemic and low bleeding risk. 

- Patients with PAD at higher risk for ischemic limb events (severe leg disease, ABI <0.60) may 
benefit from vorapaxar added to other antiplatelet therapy.  

- The optimal antithrombotic therapy for patients with critical limb ischemia remains unclear 
and is currently under investigation.  
 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

References 
 
1. Sartipy F, Sigvant B, Lundin F, Wahlberg E. Ten Year Mortality in Different Peripheral Arterial 

Disease Stages: A Population Based Observational Study on Outcome. Eur J Vasc Endovasc 
Surg. 2018;55(4):529-536. 

2. Aboyans V, Ricco JB, Bartelink MEL, et al. 2017 ESC Guidelines on the Diagnosis and Treatment 
of Peripheral Arterial Diseases, in collaboration with the European Society for Vascular Surgery 
(ESVS): Document covering atherosclerotic disease of extracranial carotid and vertebral, 
mesenteric, renal, upper and lower extremity arteriesEndorsed by: the European Stroke 
Organization (ESO)The Task Force for the Diagnosis and Treatment of Peripheral Arterial 
Diseases of the European Society of Cardiology (ESC) and of the European Society for Vascular 
Surgery (ESVS). Eur Heart J. 2018;39(9):763-816. 

3. Blinc A, Poredos P. Pharmacological prevention of atherothrombotic events in patients with 
peripheral arterial disease. Eur J Clin Invest. 2007;37(3):157-164. 

4. Olinic DM, Tataru DA, Homorodean C, Spinu M, Olinic M. Antithrombotic treatment in 
peripheral artery disease. Vasa. 2018;47(2):99-108. 

5. Massberg S, Brand K, Grüner S, et al. A critical role of platelet adhesion in the initiation of 
atherosclerotic lesion formation. J Exp Med. 2002;196(7):887-896. 

6. Michelson AD, Barnard MR, Krueger LA, Valeri CR, Furman MI. Circulating monocyte-platelet 
aggregates are a more sensitive marker of in vivo platelet activation than platelet surface P-
selectin: studies in baboons, human coronary intervention, and human acute myocardial 
infarction. Circulation. 2001;104(13):1533-1537. 

7. Strüßmann T, Tillmann S, Wirtz T, Bucala R, von Hundelshausen P, Bernhagen J. Platelets are a 
previously unrecognised source of MIF. Thromb Haemost. 2013;110(5):1004-1013. 

8. Daub K, Seizer P, Stellos K, et al. Oxidized LDL-activated platelets induce vascular inflammation. 
Semin Thromb Hemost. 2010;36(2):146-156. 

9. Mause SF, Weber C. Microparticles: protagonists of a novel communication network for 
intercellular information exchange. Circ Res. 2010;107(9):1047-1057. 

10. Gawaz M, Brand K, Dickfeld T, et al. Platelets induce alterations of chemotactic and adhesive 
properties of endothelial cells mediated through an interleukin-1-dependent mechanism. 
Implications for atherogenesis. Atherosclerosis. 2000;148(1):75-85. 

11. Ten Cate H, Hackeng TM, García de Frutos P. Coagulation factor and protease pathways in 
thrombosis and cardiovascular disease. Thromb Haemost. 2017;117(7):1265-1271. 

12. Kliger C, Babaev A, Shah B, Feit F, Slater J, Attubato M. Dual antiplatelet therapy 
responsiveness in patients undergoing percutaneous revascularization for peripheral arterial 
occlusive disease. J Am Coll Cardiol. 2012;59:E2049. 

13. Cassar K, Bachoo P, Ford I, Greaves M, Brittenden J. Platelet activation is increased in 
peripheral arterial disease. J Vasc Surg. 2003;38(1):99-103. 

14. Rajagopalan S, Mckay I, Ford I, Bachoo P, Greaves M, Brittenden J. Platelet activation increases 
with the severity of peripheral arterial disease: implications for clinical management. J Vasc 
Surg. 2007;46(3):485-490. 

15. Syed MH, Zamzam A, Alsuwailem B, et al. The Coagulation Cascade Profile of Peripheral 
Arterial Disease Patients: Initial Steps to Personalized Medicine. J Vasc Surg. 2019;70(4):E108. 

16. Hess CN, Norgren L, Ansel GM, et al. A Structured Review of Antithrombotic Therapy in 
Peripheral Artery Disease With a Focus on Revascularization: A TASC (InterSociety Consensus 
for the Management of Peripheral Artery Disease) Initiative. Circulation. 2017;135(25):2534-
2555. 

17. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC Guideline on the Management 
of Patients With Lower Extremity Peripheral Artery Disease: A Report of the American College 
of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll 
Cardiol. 2016. 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

18. Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of 10 years in patients with 
peripheral arterial disease. N Engl J Med. 1992;326(6):381-386. 

19. Fowkes FG, Murray GD, Butcher I, et al. Ankle brachial index combined with Framingham Risk 
Score to predict cardiovascular events and mortality: a meta-analysis. JAMA. 2008;300(2):197-
208. 

20. Belch J, MacCuish A, Campbell I, et al. The prevention of progression of arterial disease and 
diabetes (POPADAD) trial: factorial randomised placebo controlled trial of aspirin and 
antioxidants in patients with diabetes and asymptomatic peripheral arterial disease. BMJ. 
2008;337:a1840. 

21. Fowkes FG, Price JF, Stewart MC, et al. Aspirin for prevention of cardiovascular events in a 
general population screened for a low ankle brachial index: a randomized controlled trial. 
JAMA. 2010;303(9):841-848. 

22. Melfi R, Ricottini E. Antiplatelet therapy for peripheral artery disease. Cardiovasc Diagn Ther. 
2018;8(5):663-677. 

23. Frank U, Nikol S, Belch J, et al. ESVM Guideline on peripheral arterial disease. Vasa. 
2019;48(Suppl 102):1-79. 

24. Collaboration AT. Collaborative meta-analysis of randomised trials of antiplatelet therapy for 
prevention of death, myocardial infarction, and stroke in high risk patients. BMJ. 
2002;324(7329):71-86. 

25. Berger JS, Krantz MJ, Kittelson JM, Hiatt WR. Aspirin for the prevention of cardiovascular 
events in patients with peripheral artery disease: a meta-analysis of randomized trials. JAMA. 
2009;301(18):1909-1919. 

26. Hussain MA, Al-Omran M, Creager MA, Anand SS, Verma S, Bhatt DL. Antithrombotic Therapy 
for Peripheral Artery Disease: Recent Advances. J Am Coll Cardiol. 2018;71(21):2450-2467. 

27. Poredos P, Jezovnik MK. Is aspirin still the drug of choice for management of patients with 
peripheral arterial disease? Vasa. 2013;42(2):88-95. 

28. Hiatt WR, Fowkes FG, Heizer G, et al. Ticagrelor versus Clopidogrel in Symptomatic Peripheral 
Artery Disease. N Engl J Med. 2017;376(1):32-40. 

29. Hess CN, Hiatt WR. Antithrombotic Therapy for Peripheral Artery Disease in 2018. JAMA. 
2018;319(22):2329-2330. 

30. De Carlo M, Angelillis M, Liga R. Antithrombotic Therapy for Peripheral Revascularisation. Curr 
Vasc Pharmacol. 2020;18(3):223-236. 

31. Bauersachs R, Wu O, Briere JB, et al. Antithrombotic Treatments in Patients with Chronic 
Coronary Artery Disease or Peripheral Artery Disease: A Systematic Review of Randomised 
Controlled Trials. Cardiovasc Ther. 2020;2020:3057168. 

32. Clavijo LC, Al-Asady N, Dhillon A, et al. Prevalence of high on-treatment (aspirin and 
clopidogrel) platelet reactivity in patients with critical limb ischemia. Cardiovasc Revasc Med. 
2018;19(5 Pt A):516-520. 

33. Westphal ES, Rainka M, Amsler M, et al. Prospective Determination of Aspirin Sensitivity in 
Patients Resistant to Low Dose Aspirin: A Proof of Concept Study. J Clin Pharmacol. 
2018;58(9):1157-1163. 

34. Rocca B, Petrucci G. Variability in the responsiveness to low-dose aspirin: pharmacological and 
disease-related mechanisms. Thrombosis. 2012;2012:376721. 

35. Guirgis M, Thompson P, Jansen S. Review of aspirin and clopidogrel resistance in peripheral 
arterial disease. J Vasc Surg. 2017;66(5):1576-1586. 

36. Krasopoulos G, Brister SJ, Beattie WS, Buchanan MR. Aspirin "resistance" and risk of 
cardiovascular morbidity: systematic review and meta-analysis. BMJ. 2008;336(7637):195-
198. 

37. Wisman PP, Roest M, Asselbergs FW, et al. Platelet-reactivity tests identify patients at risk of 
secondary cardiovascular events: a systematic review and meta-analysis. J Thromb Haemost. 
2014;12(5):736-747. 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

38. Angiolillo DJ, Bernardo E, Sabaté M, et al. Impact of platelet reactivity on cardiovascular 
outcomes in patients with type 2 diabetes mellitus and coronary artery disease. J Am Coll 
Cardiol. 2007;50(16):1541-1547. 

39. Khan H, Gallant RC, Zamzam A, et al. Personalization of Aspirin Therapy Ex Vivo in Patients with 
Atherosclerosis Using Light Transmission Aggregometry. Diagnostics (Basel). 2020;10(11). 

40. Mehta JL, Mohandas B. Aspirin resistance: Fact or fiction? A point of view. World J Cardiol. 
2010;2(9):280-288. 

41. Gurbel PA, Bliden KP, Hiatt BL, O'Connor CM. Clopidogrel for coronary stenting: response 
variability, drug resistance, and the effect of pretreatment platelet reactivity. Circulation. 
2003;107(23):2908-2913. 

42. Mainoli B, Duarte GS, Costa J, Ferreira J, Caldeira D. Once- versus Twice-Daily Aspirin in Patients 
at High Risk of Thrombotic Events: Systematic Review and Meta-Analysis. Am J Cardiovasc 
Drugs. 2020. 

43. Abaci A, Yilmaz Y, Caliskan M, et al. Effect of increasing doses of aspirin on platelet function as 
measured by PFA-100 in patients with diabetes. Thromb Res. 2005;116(6):465-470. 

44. Zhuo X, Zhuo B, Ouyang S, Niu P, Xiao M. Adverse clinical outcomes associated with double 
dose clopidogrel compared to the other antiplatelet regimens in patients with coronary artery 
disease: a systematic review and meta-analysis. BMC Pharmacol Toxicol. 2018;19(1):54. 

45. Neubauer H, Kaiser AF, Endres HG, et al. Tailored antiplatelet therapy can overcome 
clopidogrel and aspirin resistance--the BOchum CLopidogrel and Aspirin Plan (BOCLA-Plan) to 
improve antiplatelet therapy. BMC Med. 2011;9:3. 

46. Tefferi A. Overcoming "aspirin resistance" in MPN. Blood. 2012;119(15):3377-3378. 
47. Harrison P, Bethel MA, Kennedy I, Dinsdale R, Coleman R, Holman RR. Comparison of nine 

platelet function tests used to determine responses to different aspirin dosages in people with 
type 2 diabetes. Platelets. 2019;30(4):521-529. 

48. Bhatt DL, Fox KA, Hacke W, et al. Clopidogrel and aspirin versus aspirin alone for the prevention 
of atherothrombotic events. N Engl J Med. 2006;354(16):1706-1717. 

49. Cacoub PP, Bhatt DL, Steg PG, Topol EJ, Creager MA, Investigators C. Patients with peripheral 
arterial disease in the CHARISMA trial. Eur Heart J. 2009;30(2):192-201. 

50. Bonaca MP, Bhatt DL, Cohen M, et al. Long-term use of ticagrelor in patients with prior 
myocardial infarction. N Engl J Med. 2015;372(19):1791-1800. 

51. Bonaca MP, Bhatt DL, Storey RF, et al. Ticagrelor for Prevention of Ischemic Events After 
Myocardial Infarction in Patients With Peripheral Artery Disease. J Am Coll Cardiol. 
2016;67(23):2719-2728. 

52. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in patients with acute 
coronary syndromes. N Engl J Med. 2009;361(11):1045-1057. 

53. Patel MR, Becker RC, Wojdyla DM, et al. Cardiovascular events in acute coronary syndrome 
patients with peripheral arterial disease treated with ticagrelor compared with clopidogrel: 
Data from the PLATO Trial. Eur J Prev Cardiol. 2015;22(6):734-742. 

54. Valgimigli M, Borghesi M, Tebaldi M, et al. Should duration of dual antiplatelet therapy depend 
on the type and/or potency of implanted stent? A pre-specified analysis from the PROlonging 
Dual antiplatelet treatment after Grading stent-induced Intimal hyperplasia studY (PRODIGY). 
Eur Heart J. 2013;34(12):909-919. 

55. Franzone A, Piccolo R, Gargiulo G, et al. Prolonged vs Short Duration of Dual Antiplatelet 
Therapy After Percutaneous Coronary Intervention in Patients With or Without Peripheral 
Arterial Disease: A Subgroup Analysis of the PRODIGY Randomized Clinical Trial. JAMA Cardiol. 
2016;1(7):795-803. 

56. Tricoci P, Huang Z, Held C, et al. Thrombin-receptor antagonist vorapaxar in acute coronary 
syndromes. N Engl J Med. 2012;366(1):20-33. 

57. Duvernay MT, Temple KJ, Maeng JG, et al. Contributions of Protease-Activated Receptors PAR1 
and PAR4 to Thrombin-Induced GPIIbIIIa Activation in Human Platelets. Mol Pharmacol. 
2017;91(1):39-47. 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

58. Morrow DA, Braunwald E, Bonaca MP, et al. Vorapaxar in the secondary prevention of 
atherothrombotic events. N Engl J Med. 2012;366(15):1404-1413. 

59. Qamar A, Morrow DA, Creager MA, et al. Effect of vorapaxar on cardiovascular and limb 
outcomes in patients with peripheral artery disease with and without coronary artery disease: 
Analysis from the TRA 2°P-TIMI 50 trial. Vasc Med. 2020;25(2):124-132. 

60. Bonaca MP, Creager MA, Olin J, et al. Peripheral Revascularization in Patients With Peripheral 
Artery Disease With Vorapaxar: Insights From the TRA 2°P-TIMI 50 Trial. JACC Cardiovasc 
Interv. 2016;9(20):2157-2164. 

61. Jones WS, Tricoci P, Huang Z, et al. Vorapaxar in patients with peripheral artery disease and 
acute coronary syndrome: insights from Thrombin Receptor Antagonist for Clinical Event 
Reduction in Acute Coronary Syndrome (TRACER). Am Heart J. 2014;168(4):588-596. 

62. Capodanno D, Bhatt DL, Eikelboom JW, et al. Dual-pathway inhibition for secondary and 
tertiary antithrombotic prevention in cardiovascular disease. Nat Rev Cardiol. 2020;17(4):242-
257. 

63. Coppens M, Weitz JI, Eikelboom JWA. Synergy of Dual Pathway Inhibition in Chronic 
Cardiovascular Disease. Circ Res. 2019;124(3):416-425. 

64. Investigators W. The effects of oral anticoagulants in patients with peripheral arterial disease: 
rationale, design, and baseline characteristics of the Warfarin and Antiplatelet Vascular 
Evaluation (WAVE) trial, including a meta-analysis of trials. Am Heart J. 2006;151(1):1-9. 

65. Lindblad B. Antithrombotic drug therapy after infrainguinal vascular surgery. Lancet. 
2000;355(9201):334. 

66. Algra A, Tangelder MJ, Lawson JA, Eikelboom BC. Interpretation of Dutch BOA trial. Dutch 
Bypass Oral anticoagulants or Aspirin study group. Lancet. 2000;355(9210):1186-1187. 

67. Lopes RD, Steffel J, Di Fusco M, et al. Effectiveness and Safety of Anticoagulants in Adults with 
Non-valvular Atrial Fibrillation and Concomitant Coronary/Peripheral Artery Disease. Am J 
Med. 2018;131(9):1075-1085.e1074. 

68. Salta S, Papageorgiou L, Larsen AK, et al. Comparison of antithrombin-dependent and direct 
inhibitors of factor Xa or thrombin on the kinetics and qualitative characteristics of blood clots. 
Res Pract Thromb Haemost. 2018;2(4):696-707. 

69. Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with or without Aspirin in Stable 
Cardiovascular Disease. N Engl J Med. 2017;377(14):1319-1330. 

70. Steffel J, Eikelboom JW, Anand SS, Shestakovska O, Yusuf S, Fox KAA. The COMPASS Trial: Net 
Clinical Benefit of Low-Dose Rivaroxaban Plus Aspirin as Compared With Aspirin in Patients 
With Chronic Vascular Disease. Circulation. 2020;142(1):40-48. 

71. McClure GR, Kaplovitch E, Narula S, Bhagirath VC, Anand SS. Rivaroxaban and Aspirin in 
Peripheral Vascular Disease: a Review of Implementation Strategies and Management of 
Common Clinical Scenarios. Curr Cardiol Rep. 2019;21(10):115. 

72. Capell WH, Bonaca MP, Nehler MR, et al. Rationale and design for the Vascular Outcomes 
study of ASA along with rivaroxaban in endovascular or surgical limb revascularization for 
peripheral artery disease (VOYAGER PAD). Am Heart J. 2018;199:83-91. 

73. Bonaca MP, Bauersachs RM, Anand SS, et al. Rivaroxaban in Peripheral Artery Disease after 
Revascularization. N Engl J Med. 2020;382(21):1994-2004. 

74. Panzram G. Mortality and survival in type 2 (non-insulin-dependent) diabetes mellitus. 
Diabetologia. 1987;30(3):123-131. 

75. Collaborative overview of randomised trials of antiplatelet therapy--I: Prevention of death, 
myocardial infarction, and stroke by prolonged antiplatelet therapy in various categories of 
patients. Antiplatelet Trialists' Collaboration. BMJ. 1994;308(6921):81-106. 

76. Gresele P, Migliacci R. Picotamide versus aspirin in diabetic patients with peripheral arterial 
disease: has David defeated Goliath? Eur Heart J. 2004;25(20):1769-1771. 

77. Savarese G, Reiner MF, Uijl A, et al. Antithrombotic therapy and major adverse limb events in 
patients with chronic lower extremity arterial disease: systematic review and meta-analysis 
from the European Society of Cardiology Working Group on Cardiovascular Pharmacotherapy 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 



 

 

in Collaboration with the European Society of Cardiology Working Group on Aorta and 
Peripheral Vascular Diseases. Eur Heart J Cardiovasc Pharmacother. 2020;6(2):86-93. 

78. Gupta A, Lee MS, Gupta K, Kumar V, Reddy S. A Review of Antithrombotic Treatment in Critical 
Limb Ischemia After Endovascular Intervention. Cardiol Ther. 2019;8(2):193-209. 

79. Bedenis R, Lethaby A, Maxwell H, Acosta S, Prins MH. Antiplatelet agents for preventing 
thrombosis after peripheral arterial bypass surgery. Cochrane Database Syst Rev. 
2015(2):CD000535. 

80. Belch JJ, Dormandy J, Biasi GM, et al. Results of the randomized, placebo-controlled 
clopidogrel and acetylsalicylic acid in bypass surgery for peripheral arterial disease (CASPAR) 
trial. J Vasc Surg. 2010;52(4):825-833, 833.e821-822. 

81. Efficacy of oral anticoagulants compared with aspirin after infrainguinal bypass surgery (The 
Dutch Bypass Oral Anticoagulants or Aspirin Study): a randomised trial. Lancet. 
2000;355(9201):346-351. 

82. Robertson L, Ghouri MA, Kovacs F. Antiplatelet and anticoagulant drugs for prevention of 
restenosis/reocclusion following peripheral endovascular treatment. Cochrane Database Syst 
Rev. 2012;8:CD002071. 

83. Iida O, Yokoi H, Soga Y, et al. Cilostazol reduces angiographic restenosis after endovascular 
therapy for femoropopliteal lesions in the Sufficient Treatment of Peripheral Intervention by 
Cilostazol study. Circulation. 2013;127(23):2307-2315. 

84. Wang J, Zhu YQ, Li MH, et al. Batroxobin plus aspirin reduces restenosis after angioplasty for 
arterial occlusive disease in diabetic patients with lower-limb ischemia. J Vasc Interv Radiol. 
2011;22(7):987-994. 

85. Soga Y, Takahara M, Iida O, et al. Efficacy of CilostAzol for Below-the-Knee Artery Disease after 
Balloon AnGioplasty in PatiEnts with Severe Limb Ischemia (CABBAGE Trial). Ann Vasc Surg. 
2017;45:22-28. 

86. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC Guideline on the Management 
of Patients With Lower Extremity Peripheral Artery Disease: Executive Summary: A Report of 
the American College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol. 2017;69(11):1465-1508. 

87. Azarbal A, Clavijo L, Gaglia MA. Antiplatelet therapy for peripheral arterial disease and critical 
limb ischemia: guidelines abound, but where are the data? J Cardiovasc Pharmacol Ther. 
2015;20(2):144-156. 

88. Vrsalovic M, Aboyans V. Antithrombotic Therapy in Lower Extremity Artery Disease. Curr Vasc 
Pharmacol. 2020;18(3):215-222. 

89. Tepe G, Bantleon R, Brechtel K, et al. Management of peripheral arterial interventions with 
mono or dual antiplatelet therapy--the MIRROR study: a randomised and double-blinded 
clinical trial. Eur Radiol. 2012;22(9):1998-2006. 

90. Armstrong EJ, Alam S, Henao S, et al. Multidisciplinary Care for Critical Limb Ischemia: Current 
Gaps and Opportunities for Improvement. J Endovasc Ther. 2019;26(2):199-212. 

91. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC Guideline on the Management 
of Patients With Lower Extremity Peripheral Artery Disease: Executive Summary: A Report of 
the American College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. Circulation. 2017;135(12):e686-e725. 

 

 

 
COPYRIGHT© EDIZIONI MINERVA MEDICA 

 

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one 
copy of this Article. It is not permitted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute 
the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access to the Article. The use of all or any 
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not 
permitted. It is not permitted to remove, cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to 
frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.  

 


