
Samos et al., J Hematol Thromb Dis 2013, 1:4 
DOI: 10.4172/2329-8790.1000120

Volume 1 • Issue 4 • 1000120
J Hematol Thromb Dis
ISSN: 2329-8790 JHTD, an open access journal 

Insufficient Efficiency of Prasugrel in Diabetic Patients with Acute STEMI 
Undergoing pPCI of Culprit Coronary Lesion – Review of Current 
Knowledge
Samos M1*, Fedor M2, Kovar F1, Duraj L2, Skornova I2, Fedorova J3, Galajda P1, Stasko J2, Bolek T1, Kubisz P2 and Mokan M1

1Department of Internal Medicine I, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak Republic
2National Centre of Hemostasis and Thrombosis, Department of Hematology and Blood Transfusion, Jessenius Faculty of Medicine, Comenius University, Martin, Slovak 
Republic
3Hemo Medica – Centre of Thrombosis and Hemostasis, Martin, Slovak Republic

Abstract
The activation and subsequent platelet aggregation plays a key role in the formation of arterial thrombosis 

and therefore is the key therapeutic target in the treatment of acute coronary syndromes. Dual antiplatelet therapy 
containing aspirin and P2Y12 ADP receptor antagonist forms currently the basis in acute ST – elevation myocardial 
infarction (STEMI) pharmacological treatment. Nevertheless, there is a wide variability in pharmacodynamic response 
to administration of clopidogrel, the most frequently used P2Y12 ADP receptor antagonist. High platelet reactivity 
after clopidogrel administration is associated with increased risk of in - stent thrombosis and points to the suitability 
of laboratory monitoring of antiplatelet therapy effectivity in clinical practice. Laboratory monitoring of antiplatelet 
therapy by ex vivo platelet function tests may help to identify individuals with poor antiplatlet response. Recently, 
there is growing number of data reporting a failure in antiplatelet response following clopidogrel administration, which 
is specifically associated with insulin resistance and diabetes mellitus. Prasugrel, a new, potent P2Y12 ADP receptor 
antagonist, provides faster and more consistent inhibition of platelet function compared with clopidogrel. Prasugrel 
therapy was repeatedly described as an effective method to overcome clopidogrel resistance and prasugrel resistance 
has not yet been reliably described. Article gives a review about prasugrel resistance and its role in acute coronary 
syndrome patients.
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 Introduction
The activation and subsequent platelet aggregation plays a key 

role in the formation of arterial thrombosis and therefore is the key 
therapeutic target in the treatment of Acute Coronary Syndromes 
(ACS). Dual antiplatelet therapy containing aspirin and P2Y12 ADP 
receptor antagonist forms currently the basis in acute ST – elevation 
myocardial infarction (STEMI) pharmacological treatment. The 
current intervention of several complementary ways of platelet 
activation and aggregation is necessary to ensure effective treatment 
and prevention of coronary thrombosis. The introduction of P2Y12 
ADP receptor antagonists has made a major advance in the ACS 
treatment. Thienopyridine clopidogrel given in the CURE study 
(Clopidogrel in Unstable Angina to Prevent Recurrent Events) in 
patients with ACS significantly reduced the incidence of cardiac death 
and nonfatal myocardial infarction or stroke compared with patients 
treated with aspirin alone [1]. A 600 mg clopidogrel loading dose leads 
to a faster onset of action and has a greater platelet inhibitory effect than 
a loading dose of 300 mg [2,3]. Nevertheless, there is a wide variability 
in pharmacodynamic response to administration of clopidogrel, which 
is linked to several factors, including genotype polymorphisms [4]. 
High platelet reactivity after clopidogrel administration is associated 
with increased risk of stent thrombosis and other ischemic events [5,6]. 
High variability in antiplatelet response to clopidogrel administration, 
points to the suitability of laboratory monitoring of antiplatelet 
therapy efficacy in patients with acute coronary syndrome. Laboratory 
monitoring of antiplatelet therapy by ex vivo platelet function tests may 
help to identify individuals with poor antiplatlet response [7]. High 
platelet reactivity after clopidogrel administration is also major reason 
for introduction of new P2Y12 ADP receptor antagonists with more 
favorable pharmacodynamic profile to clinical practice [8].

 Diabetes mellitus (DM) is a strong, independent risk factor of 
acute STEMI. DM aggravates the course of ACS and increases the risk 
of its complications including cardiogenic shock and death [9]. Diffuse 

coronary involvement [10,11], diabetic cardiomyopathy, an imbalance 
of the autonomic nervous system, decreased ability to develop collateral 
circulation [12], metabolic disorders causing ineffective and increased 
oxygen consumption by myocardial tissue during ischemia and during 
increased load [13] and an abnormal function of platelets and the 
coagulation system are the main factors responsible for worse prognosis 
in diabetic patients with ACS. Although several large clinical trials have 
demonstrated the efficacy of clopidogrel in the treatment of ACS, there 
is growing amount of data about failure in antiplatelet response after 
clopidogrel administration, which is specifically associated with insulin 
resistance and DM [14,15]. This incomplete antiplatelet response 
may contribute to a worse prognosis of acute myocardial infarction 
in patients with diabetes mellitus. The reports about incomplete 
antiplatelet response are based on ex vivo testing of platelet reactivity 
in clopidogrel therapy, as well as on the sub - analysis of clinical trials 
among subjects with DM, which consistently showed worse clinical 
outcome and an increased incidence of stent thrombosis in patients 
with DM [16-20]. Platelet reactivity in clopidogrel treatment >50% is 
associated with higher risk of ischemic events after PCI [17]. 

 Prasugrel is a new, potent, P2Y12 ADP receptor antagonist. 
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Prasugrel provides more consistent inhibition of P2Y12 ADP receptor 
and has lower intraindividual variability in efficacy compared with 
clopidogrel. Benefit of prasugrel therapy seems to be the highest in 
patients with diabetes mellitus [21]. Prasugrel therapy was repeatedly 
described as an effective method to overcome clopidogrel resistance 
[22,23] and up to very rare case reports of incomplete antiaggregant 
response after prasugrel administration [24]; prasugrel resistance has 
not been reliably described.

Stent Thrombosis 
Stent thrombosis (Figure 1) is a morbid complication following 

Percutaneous Coronary Intervention (PCI). It is more frequently 
encountered in acute coronary syndrome patients and in patients 
with diabetes mellitus, bifurcation stents or in those who discontinue 
prematurely dual antiplatelet therapy [20,25,26]. Stent undersizing, 
inadequate stent expansion or stent apposition increases risk of 
stent thrombosis. Although periprocedural intravascular ultrasound 
examination may help in the correct sizing and implantation of 
stents, this has not been shown to improve outcomes. Drug Eluting 
Stents (DES) were created to reduce restenosis, however, delayed 
endothelialization of these stents results in longer duration of exposure 
to the thrombogenic stent structures, what possibly increases the 
incidence of stent thrombosis [27]. DES implantation is not generally 
recommended in primary PCI (pPCI) of culprit coronary lesion [28]. 

Stent thrombosis is a medical emergency. Dual antiplatelet therapy 
significantly reduces stent thrombosis risk. The antiplatelet inhibitory 
effect of the thienopyridine ADP receptor antagonists varies widely 
among individuals. Variability of antiplatelet response (antiplatelet 
therapy resistance) may lead to antiplatelet therapy insufficient efficacy 
and subsequent risk of thrombotic events. High on – treatment platelet 
reactivity has been associated with a substantial hazard for post – PCI 
cardiovascular events, including stent thrombosis [29]. 

Dual Antiplatelet Therapy, Antiplatelet Drug Resistance 
and its Importance in Clinical Practice

Dual antiplatelet therapy significantly improves the outcome 
of acute STEMI treatment and reduces both short - term as well as 
long - term mortality in patients with acute STEMI [30]. Clopidogrel 
administered in the CURE study in patients with ACS significantly 
reduced the incidence of cardiac death and nonfatal myocardial 
infarction or stroke compared with patients treated with aspirin alone 
[1]. Variability in pharmacodynamic response/resistance to clopidogrel 
is currently widely discussed problem in clinical practice. High platelet 
reactivity after clopidogrel administration is associated with increased 
risk of stent thrombosis and other ischemic events [5,6]. Variability of 

antiplatelet response to clopidogrel is associated with several factors, 
such as variability of clopidogrel absorption, variability of the active 
metabolite creation, or variability in P2Y12 receptor antagonist activity 
[4]. These factors may be influenced by both genetic polymorphisms, 
together with several environmental factors, such as different drug 
interactions at the level of CYP P 450 2C19 and 3A4, or at the level of 
P - glycoprotein [4,31,32]. However, variability in antiplatelet response 
to clopidogrel may be also associated with other, currently not well 
understood factors. Recently, there is growing number of data reporting 
a failure in antiplatelet response following clopidogrel administration, 
which is specifically associated with insulin resistance and diabetes 
mellitus [14,15]. 

Diabetes Mellitus and Clopidogrel Resistance in 
Patients with Acute STEMI

Diabetes mellitus is a strong, independent risk factor for acute 
STEMI [9]. One of the possible explanations for poorer prognosis 
of diabetic patients with ACS may be also an insufficient efficacy of 
treatment in patients with this metabolic disorder. Several recently 
published studies showed worse clinical outcome and an increased 
incidence of stent thrombosis in diabetic patients [16-20]. Diabetic 
patients treated with clopidogrel have significantly higher platelet 
aggregation after stimulation with ADP compared with nondiabetic 
subjects and significantly higher number of non-responders to 
clopidogrel administration can be also seen in the group of diabetic 
patients [19]. Platelet reactivity in clopidogrel treatment >50% is 
consequently associated with higher risk of ischemic events after PCI 
[17]. Patients with diabetes have lower clinical effect from clopidogrel 
treatment, what was consistently referred in results of several 
published randomized trials with clopidogrel [1,33-35]. However, 
the mechanism of clopidogrel resistance in patients with diabetes 
remains unclear. Erlinge et al. [15] showed a significantly higher 
incidence of insufficient antiplatelet response in group of patients 
treated with clopidogrel compared with those with prasugrel therapy. 
Diabetic patients were more frequently represented in the group with 
inadequate platelet response to clopidogrel. It is interesting, that in 
this trial, platelets of diabetic patients with inadequate antiplatelet 
response after clopidogrel administration responded well to ex vivo 
administration of clopidogrel active metabolite. This finding indicates 
a low level of resistance on P2Y12 ADP platelet receptor and supports 
potential interaction between DM and pharmacokinetic processes of 
clopidogrel metabolism. High variability of antiplatelet response to 
clopidogrel administration supports the effort to identify individuals 
with poor response by laboratory methods [7] and is one of the reasons 
for introduction of new ADP P2Y12 receptor antagonists with more 
favourable pharmacodynamic profile to clinical practice [8]. 

Detection of Antiplatelet Therapy Resistance by Ex Vivo 
Platelet Function Tests in Clinical Practice

Assessing the individual level of platelet inhibition by implementing 
platelet function testing might help to reduce ischemic events. To assess 
the predictive level of platelet reactivity on ADP receptor antagonist 
treatment, numerous platelet function tests are currently available. 
Light Transmission Aggregometry (LTA) with specific inducer (ADP) 
represents nowadays a “golden standard” in antiplatelet response testing 
(Figure 2). Maximal aggregation in response to ADP with LTA testing 
>50% had been associated with higher risk of ischemic events [29,36].
PFA – 100® (Siemens Healthcare Diagnostics, Tarrytown, New York,
USA) and Verify Now® (Accumetries, San Diego, California, USA)
assay - methods both based on modified aggregometry - allow quick
platelet function testing in the setting of the point of care. Verify Now®

Figure 1: Stent thrombosis in diabetic patient with acute STEMI.
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Figure 2: LTA testing protocol in diabetic patient with insufficient antiplatelet response on P2Y12 ADP receptor antagonist therapy.

Figure 3: VASP phosphorylation assessment protocol in diabetic patient with insufficient antiplatelet response on P2Y12 ADP receptor antagonist therapy.
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allows rapid assessment of platelet response on aspirin, P2Y12 ADP 
receptor antagonist and glycoprotein IIb/IIIa antagonist treatment 
in one blood sample [37]. Vasodilator - stimulated phosphoprotein 
(VASP) phosphorylation assessment represents a specific method for 
ADP receptor antagonist activity assessment (Figure 3). Using flow 
cytometry it is now possible to quantify the amount of phosphorylated 
VASP and thereby to measure the amount of unblocked ADP receptor 
[38]. Advantage of this examination is its specificity for ADP receptor 
intracellular signaling pathway and sample stability. The disadvantages 
are instrumental and financial requirements. 

Platelet function monitoring may possibly help for guiding a switch 
over to different available P2Y12 ADP receptor antagonists or the use 
of adjuctive antiplatelet therapy to overcome high platelet reactivity in 
identified patients in order to reduce the risk of stent thrombosis and 
repeated myocardial infarction. 

Prasugrel and Prasugrel Resistance in Acute Coronary 
Syndrome Patients

Prasugrel, a new, potent, irreversible tienopyridine P2Y12 ADP 
receptor antagonist, provides faster and more consistent inhibition 
of platelet function compared with clopidogrel [21]. The response to 
prasugrel is not affected by CYP2C19 inhibitors, loss of CYP2C19 gene 
function, or decreased function of P - glycoprotein [39]. The TRITON 
- TIMI 38 study [21], which compared prasugrel and clopidogrel in 
patients with ACS without prior ADP receptor antagonist therapy 
showed, that prasugrel significantly reduced the incidence of the 
combined primary endpoint (cardiac death, nonfatal MI, stroke), the 
risk of myocardial infarction and the risk of stent thrombosis. Benefit 
of prasugrel treatment was the most significant in group of diabetic 
patients, in whom prasugrel therapy significantly reduced the risk 
of ischemic events, including the risk of recurrent MI and the risk 
of stent thrombosis, without increasing the risk of serious bleeding 
complications. Prasugrel therapy was repeatedly described as an 
effective method to overcome clopidogrel resistance [22,23]. Silvano et 
al. described a rare case of resistance to both clopidogrel and prasugrel 
in non - diabetic patient with acute STEMI due stent thrombosis [24]. 
However, this patient did not receive prasugrel loading dose and was 
treated only with prasugrel maintenance dose. Abnormal metabolism 
of antiplatelet drugs due to reduced activity of CYP P 450, the main 
enzyme complex responsible for the active tienopyridine antagonists 
metabolite formation [40-42], was considered to be the most probable 
mechanism of drug resistance in this case. Reduced activity due to 
genetic variability of CYP P450 2C19 and 3A4 was subsequently 
verified by genetic testing [24]. Except of this rare case of insufficient 
antiplatelet response to prasugrel, prasugrel resistance has not been 
reliably described. Nevertheless, results of recently published studies 
[43,44] suggest, that real prevalence of insufficient antiplatelet response 
after prasugrel administration may by higher, than is traditionally 
considered. Bonello et al. [44] pointed on the fact that up to 25 % of 
patients with ACS did not reach effective antiplatelet response even 
after 6 - 12 hours from prasugrel loading dose administration. The 
exact mechanism how diabetes affects the tienopyridine antagonist 
activity is currently not known. Erlinge et al. [15] pointed on the 
fact that platelets of diabetic patients with poor antiplatelet response 
to clopidogrel responded well to ex vivo administration of the active 
clopidogrel metabolite. This finding suggests a low level of resistance 
on platelet P2Y12 ADP receptor in diabetes and supports a potential 
interaction of diabetes with pharmacokinetic processes of clopidogrel 
metabolism. Whether diabetes affects pharmacokinetic processes of 
prasugrel metabolism as well, or an insufficient efficacy of prasugrel 

in diabetic patients is caused by another mechanism remains recently 
unclear and further studies will be needed for the final clarification of 
this issue. 

Conclusion 
Sufficient antiplatelet treatment effectively decreases the risk of stent 

thrombosis. On the other hand, high on – treatment platelet reactivity 
had been repeatedly associated with the risk of thrombotic events after 
PCI. Time to peak platelet inhibition after ADP receptor antagonist 
administration varies in patients with DM in contrary to nondiabetic 
patients. Insufficient efficacy of antiplatelet therapy may be one of the 
factors participating in the worse prognosis of acute STEMI in diabetic 
patients. Insufficient efficacy of antiplatelet therapy in diabetic patients 
may appear also when new antiplatelet drugs are used. Insufficient 
efficacy of prasugrel appears to be mostly marked in first hours after 
loading dose administration. It is questionable whether better results of 
studies with glycoprotein (GP) IIb/IIIa receptors antagonists in patients 
with diabetes [45] were at least partially achieved due to the overlap 
of insufficient efficacy of dual antiplatelet therapy in the first hours 
after its administration. Monitoring of antiplatelet therapy efficacy 
using laboratory platelet function tests may help to identify patients 
with insufficient antiplatelet response and allow an early initiation of 
effective approach. Routine introduction of antiplatelet therapy efficacy 
testing especially in high risk diabetic ACS patients should become at 
least an object of consideration in the near future.

Acknowledgment

This study was supported by project APVV (Slovak Research and Development 
Agency) 0222-11, by project CEPV II (ITMS 26220120036) which is co - financed 
from EC sources, by research project of Slovak Society of Cardiology 2012 – 2015 
and by Young Heart Science association.

References

1.	 Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, et al. (2001) Effects 
of clopidogrel in addition to aspirin in patients with acute coronary syndromes 
without ST-segment elevation. N Engl J Med 345: 494-502.

2.	 Montalescot G, Sideris G, Meuleman C, Bal-dit-Sollier C, Lellouche N, et al. 
(2006) A randomized comparison of high clopidogrel loading doses in patients 
with non-ST-segment elevation acute coronary syndromes: the ALBION 
(Assessment of the Best Loading Dose of Clopidogrel to Blunt Platelet 
Activation, Inflammation and Ongoing Necrosis) Trial. J Am Coll Cardiol 48: 
931-938.

3.	 Snoep JD, Hovens MM, Eikenboom JC, van der Bom JG, Jukema JW, et al. 
(2007) Clopidogrel nonresponsiveness in patients undergoing percutaneous 
coronary intervention with stenting: a systematic review and meta-analysis. Am 
Heart J 154: 221-231.

4.	 Taubert D, von Beckerath N, Grimberg G, Lazar A, Jung N, et al. (2006) Impact 
of P-glycoprotein on clopidogrel absorption. Clin Pharmacol Ther 80: 486-501.

5.	 Geisler T, Langer H, Wydymus M, Göhring K, Zürn C, et al. (2006) Low response 
to clopidogrel is associated with cardiovascular outcome after coronary stent 
implantation. Eur Heart J 27: 2420-2425.

6.	 Trenk D, Hochholzer W, Fromm MF, Chialda LE, Pahl A, et al. (2008) 
Cytochrome P450 2C19 681G>A polymorphism and high on-clopidogrel 
platelet reactivity associated with adverse 1-year clinical outcome of elective 
percutaneous coronary intervention with drug-eluting or bare-metal stents. J 
Am Coll Cardiol 51: 1925-1934.

7.	 Breet NJ, van Werkum JW, Bouman HJ, Kelder JC, Ruven HJ, et al. (2010) 
Comparison of platelet function tests in predicting clinical outcome in patients 
undergoing coronary stent implantation. JAMA 303: 754-762.

8.	 Gurbel PA, Tantry US (2007) Clopidogrel resistance? Thromb Res 120: 311-
321.

9.	 Holmes DR Jr, Berger PB, Hochman JS, Granger CB, Thompson TD, et al. 
(1999) Cardiogenic shock in patients with acute ischemic syndromes with and 
without ST-segment elevation. Circulation 100: 2067-2073.

10.	Barbash GI, White HD, Modan M, Van de Werf F (1993) Significance of diabetes 

http://www.ncbi.nlm.nih.gov/pubmed/11519503
http://www.ncbi.nlm.nih.gov/pubmed/11519503
http://www.ncbi.nlm.nih.gov/pubmed/11519503
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/16949482
http://www.ncbi.nlm.nih.gov/pubmed/17643570
http://www.ncbi.nlm.nih.gov/pubmed/17643570
http://www.ncbi.nlm.nih.gov/pubmed/17643570
http://www.ncbi.nlm.nih.gov/pubmed/17643570
http://www.ncbi.nlm.nih.gov/pubmed/17112805
http://www.ncbi.nlm.nih.gov/pubmed/17112805
http://www.ncbi.nlm.nih.gov/pubmed/17005534
http://www.ncbi.nlm.nih.gov/pubmed/17005534
http://www.ncbi.nlm.nih.gov/pubmed/17005534
http://www.ncbi.nlm.nih.gov/pubmed/18482659
http://www.ncbi.nlm.nih.gov/pubmed/18482659
http://www.ncbi.nlm.nih.gov/pubmed/18482659
http://www.ncbi.nlm.nih.gov/pubmed/18482659
http://www.ncbi.nlm.nih.gov/pubmed/18482659
http://www.ncbi.nlm.nih.gov/pubmed/20179285
http://www.ncbi.nlm.nih.gov/pubmed/20179285
http://www.ncbi.nlm.nih.gov/pubmed/20179285
http://www.ncbi.nlm.nih.gov/pubmed/17109936
http://www.ncbi.nlm.nih.gov/pubmed/17109936
http://www.ncbi.nlm.nih.gov/pubmed/10562262
http://www.ncbi.nlm.nih.gov/pubmed/10562262
http://www.ncbi.nlm.nih.gov/pubmed/10562262
http://www.ncbi.nlm.nih.gov/pubmed/8354802


Citation: Samos M, Fedor M, Kovar F, Duraj L, Skornova I, et al. (2013) Insufficient Efficiency of Prasugrel in Diabetic Patients with Acute STEMI 
Undergoing pPCI of Culprit Coronary Lesion – Review of Current Knowledge. J Hematol Thromb Dis 1: 120 doi: 10.4172/2329-8790.1000120

Page 5 of 5

Volume 1 • Issue 4 • 1000120
J Hematol Thromb Dis
ISSN: 2329-8790 JHTD, an open access journal 

mellitus in patients with acute myocardial infarction receiving thrombolytic 
therapy. Investigators of the International Tissue Plasminogen Activator/
Streptokinase Mortality Trial. J Am Coll Cardiol 22: 707-713.

11. Zuanetti G, Latini R, Maggioni AP, Santoro L, Franzosi MG (1993) Influence 
of diabetes on mortality in acute myocardial infarction: data from the GISSI-2
study. J Am Coll Cardiol 22: 1788-1794.

12.	Abaci A, Oquzhan A, Kahraman S, Eryol NK, Unal S, et al. (1999) Effect of
diabetes mellitus on formation of coronary collateral vessels. Circulation 99:
2239-2242.

13.	Malmberg K, McGuire DK (1999) Diabetes and acute myocardial infarction: the 
role of insulin therapy. Am Heart J 138: S381-386.

14.	Angiolillo DJ, Capranzano P, Desai B, Shoemaker SB, Charlton R, et al.
(2009) Impact of P2Y(12) inhibitory effects induced by clopidogrel on platelet
procoagulant activity in type 2 diabetes mellitus patients. Thromb Res 124: 318-
322.

15.	Erlinge D, Varenhorst C, Braun OO, James S, Winters KJ, et al. (2008) Patients 
with poor responsiveness to thienopyridine treatment or with diabetes have
lower levels of circulating active metabolite, but their platelets respond normally 
to active metabolite added ex vivo. J Am Coll Cardiol 52: 1968-1977.

16.	Cuisset T, Frere C, Quilici J, Barbou F, Morange PE, et al. (2006) High post-
treatment platelet reactivity identified low-responders to dual anti¬platelet 
therapy at increased risk of recurrent cardiovascular events after stenting for
acute coronary syndrome. J Thromb Haemost 4: 542-549.

17.	Gurbel PA, Bliden KP, Guyer K, Cho PW, Zaman KA, et al. (2005) Platelet
reactivity in patients and recurrent events post-stenting: results of the PREPARE 
POST-STENTING Study. J Am Coll Cardiol 46: 1820-1826.

18.	Matetzky S, Shenkman B, Guetta V, Shechter M, Beinart R, et al. (2004)
Clopidogrel resistance is associated with increased risk of recurrent
atherothrombotic events in patients with acute myocardial infarction. Circulation 
109: 3171-3175.

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

20.	Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, et al. (2005) Incidence, 
predictors, and outcome of thrombosis after successful implantation of drug-
eluting stents. JAMA 293: 2126-2130.

21.	Wiviott SD, Braunwald E, Angiolillo DJ, Meisel S, Dalby AJ, et al. (2008) Greater 
clinical benefit of more intensive oral antiplatelet therapy with prasugrel in 
patients with diabetes mellitus in the trial to assess improvement in therapeutic 
outcomes by optimizing platelet inhibition with prasugrel-Thrombolysis in
Myocardial Infarction 38. Circulation 118: 1626-1636.

22.	Rai M, Seip RL, Gupta A, McKay RG, Hirst J, et al. (2012) CYP2C19 genotype-
guided antiplatelet therapy in a patient with clopidogrel resistance. Conn Med
76: 267-272.

23.	Alexopoulos D, Dimitropoulos G, Davlouros P, Xanthopoulou I, Kassimis G,
et al. (2011) Prasugrel overcomes high on-clopidogrel platelet reactivity post-
stenting more effectively than high-dose (150-mg) clopidogrel: the importance
of CYP2C19*2 genotyping. JACC Cardiovasc Interv 4: 403-410.

24.	Silvano M, Zambon CF, De Rosa G, Plebani M, Pengo V, et al. (2011) A
case of resistance to clopidogrel and prasugrel after percutaneous coronary
angioplasty. J Thromb Thrombolysis 31: 233-234.

25.	Bauer T, Möllmann H, Weidinger F, Zeymer U, Seabra-Gomes R, et al. (2011)
Predictors of hospital mortality in the elderly undergoing percutaneous coronary 
intervention for acute coronary syndromes and stable angina. Int J Cardiol 151: 
164-169.

26.	Aoki J, Lansky AJ, Mehran R, Moses J, Bertrand ME, et al. (2009) Early stent
thrombosis in patients with acute coronary syndromes treated with drug-eluting 
and bare metal stents: The Acute Catheterization and Urgent Intervention
Triage Strategy trial. Circulation 119: 687-698.

27.	Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, et al. (2006) Pathology of
drug-eluting stents in humans: delayed healing and late thrombotic risk. J Am
Coll Cardiol 48: 193-202.

28.	Task Force on the management of ST-segment elevation acute myocardial
infarction of the European Society of Cardiology (ESC), Steg PG, James SK,
Atar D, Badano LP, et al. (2012) ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation. Eur
Heart J 33: 2569-2619.

29.	Harper AR, Price MJ (2013) Platelet function monitoring and clopidogrel. Curr
Cardiol Rep 15: 321.

30.	Trost JC, Lange RA (2012) Treatment of acute coronary syndrome: part 2: ST-
segment elevation myocardial infarction. Crit Care Med 40: 1939-1945.

31.	O’Donoghue ML, Braunwald E, Antman EM, Murphy SA, Bates ER, et al. (2009) 
Pharmacodynamic effect and clinical efficacy of clopidogrel and prasugrel with 
or without a proton-pump inhibitor: an analysis of two randomised trials. Lancet 
374: 989-997.

32.	Abraham NS, Hlatky MA, Antman EM, Bhatt DL, Bjorkman DJ, et al. (2010)
ACCF/ACG/AHA 2010 Expert Consensus Document on the concomitant use
of proton pump inhibitors and thienopyridines: a focused update of the ACCF/
ACG/AHA 2008 expert consensus document on reducing the gastrointestinal
risks of antiplatelet therapy and NSAID use: a report of the American College
of Cardiology Foundation Task Force on Expert Consensus Documents.
Circulation 122: 2619-2633.

33.	Bhatt DL, Marso SP, Hirsch AT, Ringleb PA, Hacke W, et al. (2002) Amplified 
benefit of clopidogrel versus aspirin in patients with diabetes mellitus. Am J 
Cardiol 90: 625-628.

34.	Steinhubl SR, Berger PB, Mann JT 3rd, Fry ET, DeLago A, et al. (2002) Early
and sustained dual oral antiplatelet therapy following percutaneous coronary
intervention: a randomized controlled trial. JAMA 288: 2411-2420.

35.	Mehta SR, Tanguay JF, Eikelboom JW, Jolly SS, Joyner CD, et al. (2010)
Double-dose versus standard-dose clopidogrel and high-dose versus low-dose 
aspirin in individuals undergoing percutaneous coronary intervention for acute
coronary syndromes (CURRENT-OASIS 7): a randomised factorial trial. Lancet 
376: 1233-1243.

36.	Bonello L, Tantry US, Marcucci R, Blindt R, Angiolillo DJ, et al. (2010)
Consensus and future directions on the definition of high on-treatment platelet 
reactivity to adenosine diphosphate. J Am Coll Cardiol 56: 919-933.

37.	Smith JW, Steinhubl SR, Lincoff AM, Coleman JC, Lee TT, et al. (1999) Rapid
platelet-function assay: an automated and quantitative cartridge-based method. 
Circulation 99: 620-625.

38.	Geiger J, Brich J, Hönig-Liedl P, Eigenthaler M, Schanzenbächer P, et al.
(1999) Specific impairment of human platelet P2Y(AC) ADP receptor-mediated 
signaling by the antiplatelet drug clopidogrel. Arterioscler Thromb Vasc Biol 19: 
2007-2011.

39.	Small DS, Farid NA, Payne CD, Weerakkody GJ, Li YG, et al. (2008) Effects
of the proton pump inhibitor lansoprazole on the pharmacokinetics and
pharmacodynamics of prasugrel and clopidogrel. J Clin Pharmacol 48: 475-
484.

40.	Ellis KJ, Stouffer GA, McLeod HL, Lee CR (2009) Clopidogrel
pharmacogenomics and risk of inadequate platelet inhibition: US FDA
recommendations. Pharmacogenomics 10: 1799-1817.

41.	Ho PM, Maddox TM, Wang L, Fihn SD, Jesse RL, et al. (2009) Risk of adverse 
outcomes associated with concomitant use of clopidogrel and proton pump
inhibitors following acute coronary syndrome. JAMA 301: 937-944.

42.	Clarke TA, Waskell LA (2003) The metabolism of clopidogrel is catalyzed
by human cytochrome P450 3A and is inhibited by atorvastatin. Drug Metab
Dispos 31: 53-59.

43.	Cayla G, Cuisset T, Silvain J, O’Connor SA, Kerneis M, et al. (2013) Prasugrel
monitoring and bleeding in real world patients. Am J Cardiol 111: 38-44.

44.	Bonello L, Pansieri M, Mancini J, Bonello R, Maillard L, et al. (2011) High on-
treatment platelet reactivity after prasugrel loading dose and cardiovascular
events after percutaneous coronary intervention in acute coronary syndromes. 
J Am Coll Cardiol 58: 467-473.

45.	Roffi M, Chew DP, Mukherjee D, Bhatt DL, White JA, et al. (2002) Platelet 
glycoprotein IIb/IIIa inhibition in acute coronary syndromes. Gradient of benefit 
related to the revascularization strategy. Eur Heart J 23: 1441-1448.

http://www.ncbi.nlm.nih.gov/pubmed/8354802
http://www.ncbi.nlm.nih.gov/pubmed/8354802
http://www.ncbi.nlm.nih.gov/pubmed/8354802
http://www.ncbi.nlm.nih.gov/pubmed/8245329
http://www.ncbi.nlm.nih.gov/pubmed/8245329
http://www.ncbi.nlm.nih.gov/pubmed/8245329
http://www.ncbi.nlm.nih.gov/pubmed/10226087
http://www.ncbi.nlm.nih.gov/pubmed/10226087
http://www.ncbi.nlm.nih.gov/pubmed/10226087
http://www.ncbi.nlm.nih.gov/pubmed/10539801
http://www.ncbi.nlm.nih.gov/pubmed/10539801
http://www.ncbi.nlm.nih.gov/pubmed/19012950
http://www.ncbi.nlm.nih.gov/pubmed/19012950
http://www.ncbi.nlm.nih.gov/pubmed/19012950
http://www.ncbi.nlm.nih.gov/pubmed/19012950
http://www.ncbi.nlm.nih.gov/pubmed/19055987
http://www.ncbi.nlm.nih.gov/pubmed/19055987
http://www.ncbi.nlm.nih.gov/pubmed/19055987
http://www.ncbi.nlm.nih.gov/pubmed/19055987
http://www.ncbi.nlm.nih.gov/pubmed/16371119
http://www.ncbi.nlm.nih.gov/pubmed/16371119
http://www.ncbi.nlm.nih.gov/pubmed/16371119
http://www.ncbi.nlm.nih.gov/pubmed/16371119
http://www.ncbi.nlm.nih.gov/pubmed/16286165
http://www.ncbi.nlm.nih.gov/pubmed/16286165
http://www.ncbi.nlm.nih.gov/pubmed/16286165
http://www.ncbi.nlm.nih.gov/pubmed/15184279
http://www.ncbi.nlm.nih.gov/pubmed/15184279
http://www.ncbi.nlm.nih.gov/pubmed/15184279
http://www.ncbi.nlm.nih.gov/pubmed/15184279
http://www.ncbi.nlm.nih.gov/pubmed/17936152
http://www.ncbi.nlm.nih.gov/pubmed/17936152
http://www.ncbi.nlm.nih.gov/pubmed/17936152
http://www.ncbi.nlm.nih.gov/pubmed/17936152
http://www.ncbi.nlm.nih.gov/pubmed/15870416
http://www.ncbi.nlm.nih.gov/pubmed/15870416
http://www.ncbi.nlm.nih.gov/pubmed/15870416
http://www.ncbi.nlm.nih.gov/pubmed/18757948
http://www.ncbi.nlm.nih.gov/pubmed/18757948
http://www.ncbi.nlm.nih.gov/pubmed/18757948
http://www.ncbi.nlm.nih.gov/pubmed/18757948
http://www.ncbi.nlm.nih.gov/pubmed/18757948
http://www.ncbi.nlm.nih.gov/pubmed/22685981
http://www.ncbi.nlm.nih.gov/pubmed/22685981
http://www.ncbi.nlm.nih.gov/pubmed/22685981
http://www.ncbi.nlm.nih.gov/pubmed/21511219
http://www.ncbi.nlm.nih.gov/pubmed/21511219
http://www.ncbi.nlm.nih.gov/pubmed/21511219
http://www.ncbi.nlm.nih.gov/pubmed/21511219
http://www.ncbi.nlm.nih.gov/pubmed/21088983
http://www.ncbi.nlm.nih.gov/pubmed/21088983
http://www.ncbi.nlm.nih.gov/pubmed/21088983
http://www.ncbi.nlm.nih.gov/pubmed/20605241
http://www.ncbi.nlm.nih.gov/pubmed/20605241
http://www.ncbi.nlm.nih.gov/pubmed/20605241
http://www.ncbi.nlm.nih.gov/pubmed/20605241
http://www.ncbi.nlm.nih.gov/pubmed/19171852
http://www.ncbi.nlm.nih.gov/pubmed/19171852
http://www.ncbi.nlm.nih.gov/pubmed/19171852
http://www.ncbi.nlm.nih.gov/pubmed/19171852
http://www.ncbi.nlm.nih.gov/pubmed/16814667
http://www.ncbi.nlm.nih.gov/pubmed/16814667
http://www.ncbi.nlm.nih.gov/pubmed/16814667
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/22922416
http://www.ncbi.nlm.nih.gov/pubmed/23250658
http://www.ncbi.nlm.nih.gov/pubmed/23250658
http://www.ncbi.nlm.nih.gov/pubmed/22610195
http://www.ncbi.nlm.nih.gov/pubmed/22610195
http://www.ncbi.nlm.nih.gov/pubmed/19726078
http://www.ncbi.nlm.nih.gov/pubmed/19726078
http://www.ncbi.nlm.nih.gov/pubmed/19726078
http://www.ncbi.nlm.nih.gov/pubmed/19726078
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/21060077
http://www.ncbi.nlm.nih.gov/pubmed/12231089
http://www.ncbi.nlm.nih.gov/pubmed/12231089
http://www.ncbi.nlm.nih.gov/pubmed/12231089
http://www.ncbi.nlm.nih.gov/pubmed/12435254
http://www.ncbi.nlm.nih.gov/pubmed/12435254
http://www.ncbi.nlm.nih.gov/pubmed/12435254
http://www.ncbi.nlm.nih.gov/pubmed/20817281
http://www.ncbi.nlm.nih.gov/pubmed/20817281
http://www.ncbi.nlm.nih.gov/pubmed/20817281
http://www.ncbi.nlm.nih.gov/pubmed/20817281
http://www.ncbi.nlm.nih.gov/pubmed/20817281
http://www.ncbi.nlm.nih.gov/pubmed/20828644
http://www.ncbi.nlm.nih.gov/pubmed/20828644
http://www.ncbi.nlm.nih.gov/pubmed/20828644
http://www.ncbi.nlm.nih.gov/pubmed/9950658
http://www.ncbi.nlm.nih.gov/pubmed/9950658
http://www.ncbi.nlm.nih.gov/pubmed/9950658
http://www.ncbi.nlm.nih.gov/pubmed/10446085
http://www.ncbi.nlm.nih.gov/pubmed/10446085
http://www.ncbi.nlm.nih.gov/pubmed/10446085
http://www.ncbi.nlm.nih.gov/pubmed/10446085
http://www.ncbi.nlm.nih.gov/pubmed/18303127
http://www.ncbi.nlm.nih.gov/pubmed/18303127
http://www.ncbi.nlm.nih.gov/pubmed/18303127
http://www.ncbi.nlm.nih.gov/pubmed/18303127
http://www.ncbi.nlm.nih.gov/pubmed/19891556
http://www.ncbi.nlm.nih.gov/pubmed/19891556
http://www.ncbi.nlm.nih.gov/pubmed/19891556
http://www.ncbi.nlm.nih.gov/pubmed/19258584
http://www.ncbi.nlm.nih.gov/pubmed/19258584
http://www.ncbi.nlm.nih.gov/pubmed/19258584
http://www.ncbi.nlm.nih.gov/pubmed/12485953
http://www.ncbi.nlm.nih.gov/pubmed/12485953
http://www.ncbi.nlm.nih.gov/pubmed/12485953
http://www.ncbi.nlm.nih.gov/pubmed/23040597
http://www.ncbi.nlm.nih.gov/pubmed/23040597
http://www.ncbi.nlm.nih.gov/pubmed/21777742
http://www.ncbi.nlm.nih.gov/pubmed/21777742
http://www.ncbi.nlm.nih.gov/pubmed/21777742
http://www.ncbi.nlm.nih.gov/pubmed/21777742
http://www.ncbi.nlm.nih.gov/pubmed/12208224
http://www.ncbi.nlm.nih.gov/pubmed/12208224
http://www.ncbi.nlm.nih.gov/pubmed/12208224

	Title
	Corresponding author
	Abstract
	 Introduction 
	Stent Thrombosis 
	Dual Antiplatelet Therapy, Antiplatelet Drug Resistance and its Importance in Clinical Practice
	Diabetes Mellitus and Clopidogrel Resistance in Patients with Acute STEMI
	Detection of Antiplatelet Therapy Resistance by Ex Vivo Platelet Function Tests in Clinical Practice
	Prasugrel and Prasugrel Resistance in Acute Coronary Syndrome Patients
	Conclusion 
	Acknowledgment
	Figure 1
	Figure 2
	Figure 3
	References



