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A B S T R A C T 

Introduction: Globally, peripheral arterial disease affects almost 200 million individuals at high risk of 

developing another type of cardiovascular disease with an annual incidence of cardiovascular events and 

cardiovascular mortality of 4-5% and a risk of acute limb ischaemia and amputation of 5%. All patients with 

clinical symptomatology of peripheral arterial disease should be treated with statins and antiplatelet drugs. 

Evidence Acquisition: The authors provide an overview, from the perspective of a clinical pharmacologist, 

of the pharmacokinetic properties of the antiplatelet agents available, mechanisms of their action, and 

differences among individual agents in side effects, efficacy and safety as well as a comparison of clinical 

trials. 

Evidence Synthesis: In a significant proportion of patients, therapy with clopidogrel is modified, with 

genetic polymorphism demonstrably preventing effective therapy in a proportion of patients. In cases where 

an antiplatelet agent other than aspirin is chosen, clopidogrel therapy is rational only if a genetic mutation 

resulting in ineffective therapy has been ruled out. Effective therapy can be accomplished using the more 

modern antiplatelet agents with balanced pharmacokinetic and pharmacodynamic properties. 

Conclusions: Several questions related to treatment of patients with peripheral arterial disease remain to be 

answered. Expert views on recommended antiplatelet therapy diverge. It would be unethical to ignore the 

fact that therapy may be ineffective in a proportion of clopidogrel-treated patients. Guidelines for the 

treatment and prevention of peripheral arterial disease should offer alternative antiplatelet drugs or 

recommendations to verify a patient´s genetic predisposition. Further clinical trials are warranted to assess 

the efficacy of individual antiplatelet agents and doses thereof in patients with peripheral arterial disease. 

 

                                                                                © 2020 Pavel Chrbolka. Hosting by Science Repository. 

 

Introduction 

According to current literary data, peripheral arterial disease (PAD) 

affects over 200 million individuals across the globe [1-3]. These 

patients show a higher incidence of other types of cardiovascular disease 

(CVD) such as coronary heart disease and carotid or renal artery 

atherosclerosis. In this particular subpopulation, the annual incidence of 

myocardial infarction, stroke and cardiovascular death is in the range of 

4-5% or, in those developing acute limb ischaemia with an imminent risk 

of amputation, as high as 1-2% [4-6]. In 2017, the European Society of 

Cardiology (ESC) published its Guidelines on the Diagnosis and 

Treatment of Peripheral Arterial Diseases, developed in collaboration 

with the European Society for Vascular Surgery (ESVS) and 

recommending, in indicated cases, antiplatelet therapy combined with 

statin-based lipid-lowering therapy [1, 2, 4-7]. While there has been clear 

consensus on statin therapy, several questions related to PAD patients 

remain to be answered, with experts largely discordant on the role of 

antiplatelet therapy as recommended. This fact is acknowledged by 

authors suggesting that the efficacy of individual types of antiplatelet 

therapy and antiplatelet doses in PAD patients be assessed in more detail 

in future clinical trials [6, 8, 9]. 

 

Antiplatelet therapy is not recommended in patients with asymptomatic 

PAD. In clinically symptomatic PAD, the drug of choice is aspirin 
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(acetylsalicylic acid) or, possibly, clopidogrel as an alternative [1, 2, 4-

6]. The recommendation for dual antiplatelet therapy (i.e., a combination 

of aspirin and clopidogrel) is to provide it for at least a month after the 

revascularization procedure [6, 8-13]. While based on the results of the 

clopidogrel versus aspirin in patients at risk of ischaemic events 

(CAPRIE) trial- preferential use of clopidogrel instead of aspirin has 

been subject to ongoing debate, this change in preferences has not been 

incorporated into the guidelines [9, 13]. Compared with atherosclerotic 

disease involving other vascular territories, antiplatelet therapy in PAD 

patients has its specific features and its efficacy is also likely to be 

slightly different [14]. 

 

Aspirin-based antiplatelet therapy reduces the risk of patients with 

symptomatic PAD of developing a cardiovascular thrombotic event by 

as much as 23%. The benefit of antiplatelet therapy with aspirin has been 

documented by the Critical Leg Ischaemia Prevention Study (CLIPS) 

showing a significant reduction in the incidence of thrombotic events 

(stroke, myocardial infarction or pulmonary embolism) as well as critical 

limb ischaemia in patients treated with low-dose aspirin (12 versus 28 

events; p = 0.013; HR 0.42; 95% CI 0.21 to 0.83) without a statistically 

significant increase in bleeding complication rates [8]. The alternative to 

aspirin in the prevention of thrombotic events, as proposed in the 

guidelines, is clopidogrel [11-15]. While the latter has been long used in 

clinical practice, problems related to its efficacy in a proportion of 

patients have been subject of ongoing debate. The issue has become even 

more topical at the present time given the availability of more modern 

antiplatelet agents with pharmacokinetic properties less variable than 

those of clopidogrel. 

 

Clopidogrel, a second-generation thienopyridine derivative, is an 

irreversible antagonist of the adenosine diphosphate (ADP) P2Y12 

receptor on the platelet surface [16, 17]. It is a prodrug activated in two 

steps. The first step involves the formation of pharmacologically inactive 

2-oxo-clopidogrel, an intermediary metabolite of clopidogrel, 

converting subsequently to the pharmacologically active metabolite 

(clop-AM) [18]. Clop-AM binds irreversibly to the P2Y12 receptor thus 

preventing its activation. Inhibition of the P2Y12 receptor terminates the 

cascade of processes potentially leading to glycoprotein IIb/IIIa 

activation as well as release of substances promoting thrombus 

aggregation and stabilization [16]. Literary reviews show that only 2% 

of clopidogrel is converted to 2-oxo-clopidogrel to be subsequently 

converted to the active metabolite [15]. A role in the biotransformation 

is played by a number of the cytochrome P450 enzymes, specifically and 

mainly by hepatic CYP2C19 and, partly, CYP1A2, CYP 2B6, and CYP 

3A4 in the case of 2-oxo-clopidogrel [15-19]. The conversion 

conceivably occurs via CYP1A2 in 35.8%, CYP2B6 in 19.4% and 

CYP2C19 in 44.9%; an effect of CYP3A4, CYP3A5 and CYP2C9 is also 

assumed [15]. The cytochrome enzymes involved in the formation of the 

active metabolite clop-AM include CYP2B6 (32.9%), CYP2C9 (6.79%) 

CYP2C19 (20.6%) and CYP3A4 (39.8%) [16, 17]. 

 

Evidence Synthesis 

 

The therapeutic efficacy of clopidogrel is characterized by considerable 

inter-individual variability with clopidogrel therapy being ineffective in 

4% to 44% of patients for a variety of reasons while excess platelet 

inhibition is associated with an increased risk of bleeding complications 

in a proportion of patients [19, 20]. Patients with reduced CYP2C19 

activity, referred to as poor metabolizers (2% in the white population; 

4% in the black population, and 14% in the Chinese population), may 

show, also as a result of drug-to-drug interaction, reduced inhibition of 

platelet reactivity increasing the risk of ischaemic events in a dose-

dependent manner [21, 22]. Table 1 discusses this issue. The therapeutic 

efficacy and prognosis of clopidogrel-treated patients have been shown 

to be affected by a host of well identified factors [23]. These include 

differences in the rates of absorption and P glycoprotein activity, 

CYP2C19 genetic variability, age, body weight as well as diabetes and 

renal insufficiency among comorbidities, drug-to-drug interactions such 

as those related to proton pump inhibitors, statins, calcium-channel 

blockers, oral hypoglycemic agents (sulfonylureas), serotonin reuptake 

inhibitors and, also, by some food interactions [23-34]. 

 

Table 1: Metabolism phenotype and therapeutic efficacy. 

Metabolism 

phenotype 

Proportion in the 

European population 

Therapeutic efficacy 

Ultrafast 1.8% Increased and/or effective 

therapy Fast 26.2% 

Normal 46.5% Effective therapy 

Slower 23.0% Less effective efficacy 

Very slow 2.4% Ineffective therapy 

 

The prerequisites for rational pharmacotherapy, i.e., safety and efficacy 

of routine clopidogrel administration, are not met in almost one in three 

patients [35]. Moreover, a higher incidence of bleeding complications is 

anticipated in a proportion of patients. The Clopidogrel for High 

Atherothrombotic Risk and Ischaemic Stabilization, Management, and 

Avoidance (CHARISMA) trial reported an increase in the incidence of 

mild bleeding within the first 2 months of initiation of therapy with 

clopidogrel and aspirin (2.0% vs. 1.3%; p = 0.004) [10, 27]. As the issue 

of therapeutic efficacy and platelet reactivity affecting a patient´s 

prognosis is a most intricate one, it is reasonable to consider assessment 

of therapeutic efficacy. To date, no method has been unanimously 

recognized to reliably estimate the efficacy of clopidogrel therapy [36-

39]. The technique of genetic testing to identify at-risk patients is not 

commonly available and performed on an everyday basis. Limiting 

factors include time and costs as well as genetic testing unavailability in 

routine practice and for patients having experienced acute events [40-

42]. The effect of clopidogrel can be assessed using platelet stimulation 

by adenosine diphosphate (ADP) or, e.g., phosphorylation of the 

vasodilator-stimulated phosphoprotein as measured by flow cytometry 

or the enzyme-linked immunosorbent test, light transmission 

aggregometry (LTA), whole blood impedance platelet aggregometry 

(e.g., Multiplate), the VerifyNow PRUTest, TEG PlateletMapping or 

INNOVANCE PFA-200 systems [37, 38]. 

 

Results 

 

The results of individual tests do not correlate with patient´s prognosis 

and exhibit considerable intra-individual variability [17, 21, 23, 36, 39]. 

The efficacy of clopidogrel therapy varies during treatment and requires 

ongoing and repeat follow-up visits [43]. No clear consensus has been 

reached to date as to which test should be used to assess the efficacy of 

antiplatelet therapy with clopidogrel [16, 36-39, 44]. Based on data from 

some small trials that documented the benefit of antiplatelet treatment 

with clopidogrel monitoring, the 2016 AHA/ACC guideline on the 

management of patients with lower extremity peripheral arterial disease 

included assessment of the efficacy of clopidogrel therapy [15, 43, 45]. 
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The results of other larger studies including GRAVITAS, ARCTIC, 

ANTARTIC, DANTE, and TRIGGER-PCI have not consistently 

supported the importance of monitoring of a patient´s prognosis; 

however, it should be noted that their outcomes have not been generally 

accepted by experts in the field [24, 25, 37, 46, 47]. 

 

The question is whether or not prasugrel and ticagrelor, the two relatively 

new platelet aggregation inhibitors shown to have smaller inter-

individual variability in pharmacokinetic parameters compared with 

clopidogrel, are associated with greater benefit for PAD patients. Results 

of several clinical trials are currently available [48, 49]. Higher efficacy 

and a beneficial effect on the prognosis of PAD patients treated with 75 

mg clopidogrel versus 325 mg aspirin in secondary prevention were 

documented in CAPRIE. The incidence of ischaemic cardiovascular 

events (myocardial infarction, ischaemic stroke and cardiovascular 

death) in all clopidogrel- versus aspirin-treated patients was 5.32% and 

5.83%, respectively (p = 0.043; RR 8.7%) with identical bleeding 

complication rates [9, 50]. Treatment with clopidogrel prevented 10 

thrombotic events per 1000 patients treated over a period of 2 years 

(confidence interval 0-20%). Those benefiting most from therapy were 

PAD patients and, yet more specifically, patients with a history of 

myocardial infarction (RRR=23.7%, CI 8.9-36.2, p = 0.003). 

 

The superiority of ticagrelor (9.8%) over clopidogrel (11.7%; HR 0.84; 

95% CI 0.77-0.92; p < 0.001) was demonstrated by PLATO [PLATelet 

Inhibition and Patient Outcomes], a trial enrolling 18,624 patients. The 

study also furnished evidence that patients with PAD are at higher risk 

of bleeding and thrombotic complications than those with atherosclerotic 

disease involving other parts of the vascular bed. After one year of 

treatment, the incidence of ischaemic and bleeding complications in the 

group of PAD patients was 19.3% compared with 10.2% (p < 0.001) in 

patients diagnosed to have other forms of atherosclerotic vessel disease. 

Bleeding complications alone occurred in 14.8% of patients receiving 

ticagrelor versus 17.9% in those treated with clopidogrel (p = 0.43). The 

incidence of major fatal or life-threatening bleeding was 5.8 in either 

group (p = 0.698) [51]. 

 

The Examining Use of Ticagrelor in Peripheral Artery Disease 

(EUCLID) study including 13 885 patients did not find any differences 

in its endpoints (cardiovascular death, myocardial infarction or 

ischaemic stroke) or the incidence of bleeding complications in PAD 

patients treated either with ticagrelor or clopidogrel. When interpreting 

the study results, it should be noted that the patients were homozygous 

individuals with a loss of function allele ineligible for inclusion. The 

primary composite endpoint occurred in 10.8% in the ticagrelor-treated 

group versus 10.6% in the group receiving clopidogrel (HR 1.02; 95% 

CI 0.92-1.13; p = 0.65). A more recent therapeutic strategy referred to as 

dual antiplatelet therapy is beneficial only in high-risk patients such as 

those with coronary artery disease or in cytochrome P450 2C19 

(CYP2C19) metabolizers [52, 53]. No benefit of combination therapy 

with aspirin and clopidogrel has been shown in PAD patients in the 

CHARISMA trial enrolling 15,603 patients. The incidence of 

cardiovascular death, myocardial infarction and stroke in the group of 

patients treated with the aspirin/clopidogrel combination was 6% as 

compared with 8.9% in the group on aspirin in monotherapy (HR 0.85; 

95% CI 0.66-1.08; p = 0.18) [8, 9, 53]. 

 

The benefit of dual antiplatelet therapy (aspirin + ticagrelor) was 

documented in the Prevention of Cardiovascular Events in Patients With 

Prior Heart Attack Using Ticagrelor Compared to Placebo on a 

Background of Aspirin-Thrombolysis In Myocardial Infarction 54 

(PEGASUS-TIMI 54) trial including a subgroup of PAD patients. 

Treatment of aspirin 100-200 mg and ticagrelor 60 mg reduced the 

absolute risk of cardiovascular death, stroke and myocardial infarction 

by 4.1% while increasing the absolute risk of bleeding by 0.12%. In 

addition, the investigators reported a statistically significant reduction in 

the risk of acute limb ischaemia or peripheral revascularization for 

ischaemia (HR 0.65; 95% CI 0.44-0.95) [54]. Summing up the results of 

the above studies, one can say that, in terms of therapeutic efficacy, 

clopidogrel and ticagrelor in secondary prevention in patients with PAD 

are clearly superior to aspirin whereas that of prasugrel versus with 

clopidogrel has not been estimated to date. Clinical trials assessing 

potential superiority of clopidogrel over ticagrelor in terms of efficacy, 

prognosis and safety provided mixed, not consistent, results. This may 

be explained by the fact that ticagrelor superiority over clopidogrel was 

reported in a trial not excluding metabolizers with a defective CYP 2C19 

gene present in up to 25.4% of the European population. If excluding the 

above subpopulation from the trial, the results and side effects are 

virtually identical. 

 

While routine combination therapy with aspirin and clopidogrel is not 

associated with any benefit for the patient, dual antiplatelet therapy with 

aspirin + ticagrelor showed a beneficial effect on prognosis at the 

expense of a small increase in the risk of bleeding complications. As a 

result, one cannot clearly conclude which of the combinations, whether 

aspirin + ticagrelor or aspirin + clopidogrel, is associated with a brighter 

prognosis irrespective of the metabolism genotype. In line with 

recommendations of the most recent guidelines and rational therapy, the 

most recent data suggest that personalized antiplatelet therapy based on 

genotyping is justified in all clopidogrel-treated patients. The benefit of 

personalized therapy with ADP inhibitors based on the results of 

genotyping has been documented by several smaller studies. Given the 

objective risk of ineffective therapy in a proportion of patients at least 

until the completion of two large studies (POPular Genetics and 

TAILOR-PCI) designed to assess the effect of pharmacogenetic testing 

on prognosis, every patient treated with clopidogrel should have their 

genotype determined and those with a non-functional genotype switched 

to another ADP blocker [55-59]. 

 

Conclusion 

 

A personalized approach to patients with peripheral arterial disease is 

needed and the choice of antiplatelet therapy is always at the physician´s 

discretion while taking into account the other risk factors. 

 

Competing Interests 

 

None. 

 

Author Contributions 

 

The corresponding author confirms that they and the co-authors believe 

that this form and all accompanying files describe truthful facts. The 

corresponding author also certifies that they and each co-author have 

participated to a sufficient degree to take public responsibility for this 

manuscript, that their contributions and relevant conflicts of interest are 

accurately and completely reported on this form. 



Antiplatelet Therapy in Secondary Prevention in Patients with Ischaemic Peripheral Arterial Disease               4 

 

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2020.06.05       Volume 3(6): 4-5 

REFERENCES 

 

1. Aboyans V, Ricco JB, Bartelink MLEL, Bjorck M, Brodmann M et al. 

(2018) 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 arteries Endorsed 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 39: 763-816. [Crossref]  

2. Hirsch AT, Duval S (2013) The global pandemic of peripheral artery 

disease. Lancet 382: 1312-1314. [Crossref]  

3. Chiesa ST, Charakida M (2019) High-Density Lipoprotein Function 

and Dysfunction in Health and Disease. Cardiovasc Drugs Ther 33: 

207-219. [Crossref] 

4. Hiatt WR, Fowkes FGR, Heizer G, Berger JS, Baumgartner I et al. 

(2017) Ticagrelor versus Clopidogrel in Symptomatic Peripheral 

Artery Disease. N Engl J Med 376: 32-40. [Crossref]  

5. Kurvers HAJM, van der Graaf Y, Blankensteijn JD, Visseren FLJ, 

Eikelboom BC (2003) Screening for asymptomatic internal carotid 

artery stenosis and aneurysm of the abdominal aorta: comparing the 

yield between patients with manifest atherosclerosis and patients with 

risk factors for atherosclerosis only. J Vasc Surg 37: 1226-1233. 

[Crossref]  

6. Tendera M, Aboyans V, Bartelink ML, Baumgartner I, Clement D et 

al. (2011) ESC Guidelines on the diagnosis and treatment of peripheral 

artery diseases: Document covering atherosclerotic disease of 

extracranial carotid and vertebral, mesenteric, renal, upper and lower 

extremity arteries: the Task Force on the Diagnosis and Treatment. Eur 

Heart J 32: 2851-2906.  

7. Zhang J, Shao Y, Liu Y, Tao J (2018) A Multi-Center, Open-Label, 

Two-Arm Parallel Group Non-inferiority Randomized Controlled Trial 

Evaluating the Effect of Pitavastatin, Compared to Atorvastatin, on 

Glucose Metabolism in Prediabetics with Hypertension and 

Dyslipidemia: Rationale and Design. Cardiovasc Drugs Ther 32: 581-

589. [Crossref] 

8. Catalano M, Born G, Peto R (2007) Prevention of serious vascular 

events by aspirin amongst patients with peripheral arterial disease: 

randomized, double-blind trial. J Intern Med 261: 276-284. [Crossref]  

9. Gent M (1999) The CAPRIE trial: culmination of the preregistration 

program for clopidogrel. Clopidogrel versus aspirin in patients at risk 

of ischaemic events. Clopidogrel versus aspirin in patients at risk of 

ischaemic events. Semin Thromb Hemost 2: 1-2. [Crossref]  

10. Cacoub PP, Bhatt DL, Steg PG, Topol EJ, Creager MA (2009) Patients 

with peripheral arterial disease in the CHARISMA trial. Eur Heart J 

30: 192-201. [Crossref]  

11. Svoboda R, Paterson C, Hussain ST, Curnes N, Larson R et al. (2016) 

Patency at the Cost of Major Bleeding-the Dual-Antiplatelet Dilemma 

Following Lower Extremity Endovascular Intervention. J Vasc Surg 

63: 6S.  

12. Armstrong EJ, Anderson DR, Yeo KK, Singh GD, Bang H et al. (2015) 

Association of dual-antiplatelet therapy with reduced major adverse 

cardiovascular events in patients with symptomatic peripheral arterial 

disease. J Vasc Surg 62: 157-165. [Crossref]  

13. Belch JJF, Dormandy J, Biasi GM, Cairols M, Diehm C et al. (2010) 

Results of the randomized, placebo-controlled clopidogrel and 

acetylsalicylic acid in bypass surgery for peripheral arterial disease 

(CASPAR) trial. J Vasc Surg 52: 825-833. [Crossref]  

14. Xiang Y, Wang J, Zhao J, Huang B (2018) Regarding “A systematic 

review of the efficacy of aspirin monotherapy versus other antiplatelet 

therapy regimens in peripheral arterial disease.” J Vasc Surg 68: 1620-

1621. [Crossref]  

15. Gerhard Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA 

et al. (2017) 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. Circulation 135: e726-e779. [Crossref]  

16. Jiang XL, Samant S, Lesko LJ, Schmidt S (2015) Clinical 

pharmacokinetics and pharmacodynamics of clopidogrel. Clin 

Pharmacokinet 54: 147-166. [Crossref]  

17. Angiolillo DJ, Fernandez Ortiz A, Bernardo E, Alfonso F, Macaya C et 

al. (2007) Variability in individual responsiveness to clopidogrel: 

clinical implications, management, and future perspectives. J Am Coll 

Cardiol 49: 1505-1516. [Crossref] 

18. Kazui M, Nishiya Y, Ishizuka T, Hagihara K, Farid NA et al. (2010) 

Identification of the human cytochrome P450 enzymes involved in the 

two oxidative steps in the bioactivation of clopidogrel to its 

pharmacologically active metabolite. Drug Metab Dispos 38: 92-99. 

[Crossref]  

19. Cattaneo M (2012) Response variability to clopidogrel: is tailored 

treatment, based on laboratory testing, the right solution? J Thromb 

Haemost 10: 327-336. [Crossref]  

20. Stone DH, Goodney PP, Schanzer A, Nolan BW, Adams JE et al. 

(2011) Clopidogrel is not associated with major bleeding complications 

during peripheral arterial surgery. J Vasc Surg 54: 779-784. [Crossref]  

21. Shuldiner AR, O’Connell JR, Bliden KP, Gandhi A, Ryan K et al. 

(2009) Association of cytochrome P450 2C19 genotype with the 

antiplatelet effect and clinical efficacy of clopidogrel therapy. JAMA 

302: 849-857. [Crossref]  

22. Sultan S, Chua BYC, Hamada N, Hynes N (2013) Preoperative 

vascular screening in the presence of aortic, carotid and peripheral 

pathology for patients undergoing their first arterial intervention: 18 

month follow-up. Int Angiol 32: 281-290. [Crossref]  

23. Frelinger AL, Bhatt DL, Lee RD, Mulford DJ, Wu J et al. (2013) 

Clopidogrel Pharmacokinetics and Pharmacodynamics Vary Widely 

Despite Exclusion or Control of Polymorphisms (CYP2C19, ABCB1, 

PON1), Non-Compliance, Diet, Smoking, Co-Medications (including 

Proton Pump Inhibitors), and Pre-Existent Variability in Platelet 

Function. J Am Coll Cardiol 61: 872-879. [Crossref] 

24. Collet JP, Cuisset T, Rangé G, Cayla G, Elhadad S et al. (2012) Bedside 

monitoring to adjust antiplatelet therapy for coronary stenting. N Engl 

J Med 367: 2100-2109. [Crossref]  

25. Cayla G, Cuisset T, Silvain J, Leclercq F, Manzo Silberman S et al. 

(2016) Platelet function monitoring to adjust antiplatelet therapy in 

elderly patients stented for an acute coronary syndrome 

(ANTARCTIC): an open-label, blinded-endpoint, randomised 

controlled superiority trial. Lancet 388: 2015-2022. [Crossref]  

26. Hochholzer W, Trenk D, Fromm MF, Valina CM, Stratz C et al. (2010) 

Impact of cytochrome P450 2C19 loss-of-function polymorphism and 

of major demographic characteristics on residual platelet function after 

loading and maintenance treatment with clopidogrel in patients 

undergoing elective coronary stent placement. J Am Coll Cardiol 55: 

2427-2434. [Crossref]  

27. Dasgupta A, Steinhubl SR, Bhatt DL, Berger PB, Shao M et al. (2009) 

Clinical outcomes of patients with diabetic nephropathy randomized to 

https://pubmed.ncbi.nlm.nih.gov/28886620/
https://pubmed.ncbi.nlm.nih.gov/23915884/
https://pubmed.ncbi.nlm.nih.gov/30675710/
https://pubmed.ncbi.nlm.nih.gov/27959717/
https://pubmed.ncbi.nlm.nih.gov/12764269/
https://pubmed.ncbi.nlm.nih.gov/30187345/
https://pubmed.ncbi.nlm.nih.gov/17305650/
https://pubmed.ncbi.nlm.nih.gov/10440414/
https://pubmed.ncbi.nlm.nih.gov/19136484/
https://pubmed.ncbi.nlm.nih.gov/25864042/
https://pubmed.ncbi.nlm.nih.gov/20678878/
https://pubmed.ncbi.nlm.nih.gov/30360858/
https://pubmed.ncbi.nlm.nih.gov/27840333/
https://pubmed.ncbi.nlm.nih.gov/25559342/
https://pubmed.ncbi.nlm.nih.gov/17418288/
https://pubmed.ncbi.nlm.nih.gov/19812348/
https://pubmed.ncbi.nlm.nih.gov/22221409/
https://pubmed.ncbi.nlm.nih.gov/21571492/
https://pubmed.ncbi.nlm.nih.gov/19706858/
https://pubmed.ncbi.nlm.nih.gov/23711680/
https://pubmed.ncbi.nlm.nih.gov/23333143/
https://pubmed.ncbi.nlm.nih.gov/23121439/
https://pubmed.ncbi.nlm.nih.gov/27581531/
https://pubmed.ncbi.nlm.nih.gov/20510210/


Antiplatelet Therapy in Secondary Prevention in Patients with Ischaemic Peripheral Arterial Disease               5 

 

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2020.06.05       Volume 3(6): 5-5 

clopidogrel plus aspirin versus aspirin alone (a post hoc analysis of the 

clopidogrel for high atherothrombotic risk and ischemic stabilization, 

management, and avoidance [CHARISMA] trial. Am J Cardiol 103: 

1359-1363. [Crossref]  

28. Williams CD, Kirkman MS (2012) Aspirin and Other Antiplatelet 

Agents and Their Effects on Cardiovascular Disease in Type 2 

Diabetes. Curr Cardiovasc Risk Rep 6: 62-70. 

29. Polzin A, Dannenberg L, Sansone R, Levkau B, Kelm M et al. (2016) 

Antiplatelet effects of aspirin in chronic kidney disease patients. J 

Thromb Haemost 14: 375-380. [Crossref]  

30. Harrison RW, Mahaffey KW (2012) Clopidogrel and PPI interaction: 

clinically relevant or not? Curr Cardiol Rep 14: 49-58. [Crossref]  

31. Meltzer AJ, Sedrakyan A, Connolly PH, Ellozy S, Schneider DB (2018) 

Risk factors for suboptimal utilization of statins and antiplatelet therapy 

in patients undergoing revascularization for symptomatic peripheral 

arterial disease. Ann Vasc Surg 46: 234-240. [Crossref]  

32. Siller Matula JM, Lang I, Christ G, Jilma B (2008) Calcium-channel 

blockers reduce the antiplatelet effect of clopidogrel. J Am Coll Cardiol 

52: 1557-1563. [Crossref]  

33. Harmsze AM, Van Werkum JW, Moral F, Ten Berg JNM, Hackeng 

CM et al. (2011) Sulfonylureas and on-clopidogrel platelet reactivity in 

type 2 diabetes mellitus patients. Platelets 22: 98-102. [Crossref]  

34. Kim DH, Daskalakis C, Whellan DJ, Whitman IR, Hohmann S et al. 

(2009) Safety of selective serotonin reuptake inhibitor in adults 

undergoing coronary artery bypass grafting. Am J Cardiol 103: 1391-

1395. [Crossref]  

35. Mason PJ, Jacobs AK, Freedman JE (2005) Aspirin resistance and 

atherothrombotic disease. J Am Coll Cardiol 46: 986-993. [Crossref]  

36. Sambu N, Curzen N (2011) Monitoring the effectiveness of antiplatelet 

therapy: opportunities and limitations. Br J Clin Pharmacol 72: 683-

696. [Crossref]  

37. Michelson AD, Bhatt DL (2017) How I use laboratory monitoring of 

antiplatelet therapy. Blood 130: 713-721. [Crossref]  

38. Michelson AD (2009) Methods for the measurement of platelet 

function. Am J Cardiol 103: 20A-26A. [Crossref] 

39. Lordkipanidze M, Pharand C, Nguyen TA, Schampaert E, Palisaitis DA 

et al. (2008) Comparison of four tests to assess inhibition of platelet 

function by clopidogrel in stable coronary artery disease patients. Eur 

Heart J 29: 2877-2885. [Crossref]  

40. Ma TKW, Lam YY, Tan VP, Yan BP (2011) Variability in response to 

clopidogrel: how important are pharmacogenetics and drug 

interactions? Br J Clin Pharmacol 72: 697-706. [Crossref]  

41. Bonello L, Armero S, Mokhtar OA, Mancini J, Aldebert P et al. (2010) 

Clopidogrel loading dose adjustment according to platelet reactivity 

monitoring in patients carrying the 2C19* 2loss of function 

polymorphism. J Am Coll Cardiol 56: 1630-1636. [Crossref]  

42. Sutton JJ, Barker CM (2010) Is There a Role for Platelet Function 

Testing for Patients on Chronic Dual Antiplatelet Therapy? Curr 

Cardiovasc Risk Rep 4: 327-331. 

43. Hochholzer W, Ruff CT, Mesa RA, Mattimore JF, Cyr JF et al. (2014) 

Variability of individual platelet reactivity over time in patients treated 

with clopidogrel: insights from the ELEVATE-TIMI 56 trial. J Am Coll 

Cardiol 64: 361-368. [Crossref]  

44. Bonello L, Gaubert M, Laine M, Barragan P, Pinto J et al. (2015) 

Clopidogrel Response Variability: Etiology and Clinical Relevance. 

Curr Cardiovasc Risk Rep 9: 11. 

45. Gurbel PA, Jeong YH, Navarese EP, Tantry US (2016) Platelet-

mediated thrombosis: from bench to bedside. Circ Res 118: 1380-1391. 

[Crossref] 

46. Price MJ, Berger PB, Teirstein PS, Tanguay JF, Angiolillo DJ et al. 

(2011) Standard-vs high-dose clopidogrel based on platelet function 

testing after percutaneous coronary intervention: the GRAVITAS 

randomized trial. JAMA 305: 1097-1105. [Crossref]  

47. Gaglia MA (2017) Antiplatelet Therapy for Percutaneous Coronary 

Intervention: Something Old and Something New. Curr Cardiovasc 

Risk Rep 11: 9. 

48. Melfi R, Ricottini E (2018) Antiplatelet therapy for peripheral artery 

disease. Cardiovasc Diagn Ther 8: 663-677. [Crossref]  

49. Rosenson RS, Chen Q, Najera SD, Lee ML, Cho DJ (2018) Ticagrelor 

and the Prevention of Microvascular Complications in Diabetes 

Patients with Lower Extremity Arterial Disease; Rationale and Design 

of the Hema-Kinesis Trial. Cardiovasc Drugs Ther 32: 443-451. 

[Crossref] 

50. Schäfer A, Flierl U, Berliner D, Bauersachs J (2020) Anticoagulants for 

Stroke Prevention in Atrial Fibrillation in Elderly Patients. Cardiovasc 

Drugs Ther 34: 555-568. [Crossref] 

51. Patel MR, Becker RC, Wojdyla DM, Emanuelsson H, Hiatt WR et al. 

(2015) 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 22: 734-

742. [Crossref]  

52. Hess CN, Hiatt WR (2018) Antithrombotic therapy for peripheral artery 

disease in 2018. JAMA 319: 2329-2330. [Crossref]  

53. Bhatt DL, Fox KAA, Hacke W, Berger PB, Black HR et al. (2006) 

Clopidogrel and aspirin versus aspirin alone for the prevention of 

atherothrombotic events. N Engl J Med 354: 1706-1717. [Crossref]  

54. Sánchez Ramos J, Dávila Fajardo CL, Frías PT, Villamarín XD, 

Martínez González LJ et al. (2016) Results of genotype-guided 

antiplatelet therapy in patients who undergone percutaneous coronary 

intervention with stent. Int J Cardiol 225: 289-295. [Crossref]  

55. Shen DL, Wang B, Bai J, Han Q, Liu C et al. (2016) Clinical value of 

CYP2C19 genetic testing for guiding the antiplatelet therapy in a 

Chinese population. J Cardiovasc Pharmacol 67: 232-236. [Crossref]  

56. Xie X, Ma YT, Yang YN, Li XM, Zheng YY et al. (2013) Personalized 

antiplatelet therapy according to CYP2C19 genotype after 

percutaneous coronary intervention: a randomized control trial. Int J 

Cardiol 168: 3736-3740. [Crossref]  

57. Notarangelo FM, Maglietta G, Bevilacqua P, Cereda M, Merlini PA et 

al. (2018) Pharmacogenomic approach to selecting antiplatelet therapy 

in patients with acute coronary syndromes: The PHARMCLO trial. J 

Am Coll Cardiol. 71: 1869-1877. [Crossref]  

58. Klein MD, Williams AK, Lee CR, Stouffer GA (2019) Clinical utility 

of CYP2C19 genotyping to guide antiplatelet therapy in patients with 

an acute coronary syndrome or undergoing percutaneous coronary 

intervention. Arterioscler Thromb Vasc Biol 39: 647-652. [Crossref]  

59. Xi Z, Zhou Y, Zhao Y, Liu X, Liang J et al. (2020) Ticagrelor Versus 

Clopidogrel in Patients with Two CYP2C19 Loss-of-Function Alleles 

Undergoing Percutaneous Coronary Intervention. Cardiovasc Drugs 

Ther 34: 179-188. [Crossref] 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/19427428/
https://pubmed.ncbi.nlm.nih.gov/26644261/
https://pubmed.ncbi.nlm.nih.gov/22090195/
https://pubmed.ncbi.nlm.nih.gov/28602895/
https://pubmed.ncbi.nlm.nih.gov/19007592/
https://pubmed.ncbi.nlm.nih.gov/21142408/
https://pubmed.ncbi.nlm.nih.gov/19427434/
https://pubmed.ncbi.nlm.nih.gov/16168280/
https://pubmed.ncbi.nlm.nih.gov/21366666/
https://pubmed.ncbi.nlm.nih.gov/28600334/
https://pubmed.ncbi.nlm.nih.gov/19166709/
https://pubmed.ncbi.nlm.nih.gov/18826988/
https://pubmed.ncbi.nlm.nih.gov/21352268/
https://pubmed.ncbi.nlm.nih.gov/20708365/
https://pubmed.ncbi.nlm.nih.gov/25060370/
https://pubmed.ncbi.nlm.nih.gov/27126648/
https://pubmed.ncbi.nlm.nih.gov/21406646/
https://pubmed.ncbi.nlm.nih.gov/30498689/
https://pubmed.ncbi.nlm.nih.gov/30074112/
https://pubmed.ncbi.nlm.nih.gov/32350792/
https://pubmed.ncbi.nlm.nih.gov/24830710/
https://pubmed.ncbi.nlm.nih.gov/29860284/
https://pubmed.ncbi.nlm.nih.gov/16531616/
https://pubmed.ncbi.nlm.nih.gov/27744205/
https://pubmed.ncbi.nlm.nih.gov/26727381/
https://pubmed.ncbi.nlm.nih.gov/23850318/
https://pubmed.ncbi.nlm.nih.gov/29540324/
https://pubmed.ncbi.nlm.nih.gov/30760018/
https://pubmed.ncbi.nlm.nih.gov/32140798/

