
128 • HJC (Hellenic Journal of Cardiology)

Hellenic J Cardiol 2011; 52: 128-140

Review ArticleReview Article

Manuscript received:
November 15, 2010;
Accepted:
January 11, 2011.

Address:
George Andrikopoulos

Hellenic Cardiovascular 
Research Society
Ethinikis Antistaseos 61 
& Chiou 2
152 31 Kato Chalandri 
Athens, Greece
e-mail: 
andrikop@hotmail.com

Key words: Platelets, 
antiplatelet 
medication, aspirin, 
clopidogrel, acute 
coronary syndrome.

Mechanisms of Platelet Activation and 
Modification of Response to Antiplatelet Agents
AlexAndros d. Tselepis1, GriGoris GeroTziAfAs2, GeorGe Andrikopoulos3,  
HecTor Anninos4, pAnAGioTis VArdAs5

1Department of Chemistry, University of Ioannina, Greece; 2Service d’Hématologie Biologique, Hôpital Tenon, 
Assistance Publique Hôpitaux de Paris, Faculté de Médecine, Université Pierre et Marie Curie (Paris VI) France; 
3Cardiology Dept, Henry Dunant Hospital, 4Cardiology Dept, Evaggelismos Hospital, Athens, 5Department of 
Cardiology, Heraklion University Hospital, Crete, Greece.  
*Scientific committee: Dennis Kokkinos, Dimitrios Kremastinos, Charissios Boudoulas, Ioannis Lekakis, 
Grigorios Pavlides, Vlassis Pyrgakis, Konstantinos Stratos, Ioannis Iakovou, Antonios Polydorou

A therothrombosis is an evolving, 
multifocal and diffuse pathologi-
cal process affecting the arterial 

wall, characterised by the development 
of atheromatous plaques and eventually 
their rupture and the subsequent activa-
tion of the coagulation cascade, leading 
to thrombosis. Increasing size and degen-
erative changes within the atheroma, such 
as ulceration, plaque rupture and intra-
plaque haemorrhage, initiate the throm-
botic process, which is the main complica-
tion of atherosclerosis and results in the 
presentation of the acute coronary syn-
dromes (ACS).1-3

In the pathogenesis of atherothrom-
bosis the following conditions play an im-
portant role:
1. Endothelium function impairment 

(endothelial dysfunction).4

2. Disturbances in the metabolism of li-
pids and lipoproteins.2,3,5 

3. Chronic inflammation, which, via cer-
tain cytokines, chemokines, adhesion 
molecules and growth factors, modi-
fies the function of the arterial wall 

cells, modulates their complicated 
cell-to-cell interactions, and promotes 
both the development and rupture of 
the plaque.6

4. Oxidative stress, which changes the 
structure and function of lipoprotein 
particles, causes cell activation, induc-
es inflammatory processes in the arte-
rial wall and promotes apoptosis.7

5. Hypercoagulable state, to which plate-
lets, leucocytes, coagulation factors 
and inhibitors significantly contrib-
ute.3,8

Specifically, platelets play key roles 
in both the formation of the atheroma-
tous plaque and acute thrombosis follow-
ing plaque rupture, leading to the clini-
cal presentation of acute atherothrom-
botic events.3,9 Notably, these patients 
may carry the atherosclerotic lesions for 
many years, but they exhibit significant 
symptoms and sometimes die because of 
the thrombosis. Thus, the therapeutic ap-
proach to these individuals aims at three 
major points:
1. Modification of the risk factors that 

* This text derives from a meeting of the specialists mentioned in the author list and scientific committee members list, which 
was organised by the Hellenic Cardiovascular Research Society and held in Athens on March 18, 2009. This publication is sup-
ported by the Hellenic Cardiovascular Research Society and it summarises the conclusions of this meeting.
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promote the development and progression of 
atherosclerosis, namely hypertension, diabetes 
mellitus and dyslipidaemia. Lifestyle changes 
(smoking cessation, weight loss, regular physical 
activity) are also essential.

2. Restoration of the occluded vessel’s patency, which 
is achieved by thrombolysis or percutaneous cor-
onary intervention (PCI).

3. Inhibition of thrombus formation and expansion 
using antithrombotic agents (antiplatelets and 
anticoagulants).
Antithrombotic treatment is only one of the three 

therapeutic components; its role, however, is crucial 
because it prevents thrombosis, which leads to the 
clinical symptoms and cardiovascular death. Its role 
is important in primary prevention, reducing the pos-
sibility of thrombosis in patients with atherosclerotic 
disease, and also in secondary prevention, decreasing 
recurrent thrombosis in persons with previous throm-
botic events and restenosis or de novo thrombosis in 
cases of PCI or bypass operations.10 

The present article interprets the scientific conver-
sation between Greek scientists specialised in the field 
of atherothrombosis, during a special meeting organised 
by the Hellenic Cardiovascular Research Society and 
held in Athens in March 2009. The meeting focused on 
the specific role of antiplatelet therapy in patients with 
atherothrombotic disease, the possible adverse reactions 
and their treatment, as well as the potential ways of im-
proving the efficacy of antiplatelet therapy.

Platelets in the pathogenesis of atherothrombosis

The complicated pathophysiological procedure un-
derlying acute thrombotic episodes includes interac-
tions between platelets, plaque components and co-
agulation factors.9,11 The rupture of the intima of a 
coronary artery, following a plaque rupture or a iatro-
genic injury during PCI, exposes the sub-endothelial 
elements, such as von Willebrand factor and collagen, 
to the bloodstream. Specific receptors on the surface 
of the platelets (GPIa/IIa, GPIb/V/IX, GPVI, etc.) 
bind the former molecules, causing the platelet to ad-
here to the site of the endothelial injury.11,12

Platelet adhesion leads to activation of the cell 
through intracellular metabolic cascades. As a result, 
platelets aggregate through fibrinogen bridges, which 
bind to the activated platelet receptor-integrin αIIbβ3 
(GPIIb/IIIa). Activated platelets release biologically 
active substances, stored inside the cell or newly syn-
thesised, among them adenosine diphosphate (ADP), 

arachidonic acid, platelet-activating factor (PAF) and 
serotonin, which induce and preserve platelet acti-
vation and aggregation through positive feedback 
mechanisms.12,13

The secretion of pre-coagulant factors from the 
platelets (e.g. Factor V) and the interaction with the 
negatively charged phospholipids of the platelet mem-
brane maximise the reaction of thrombin synthesis, 
which has been initiated by the intravascular exposure 
of tissue factor and is one of the most powerful platelet 
activators. These mechanisms may partly explain the 
recurrence of thrombotic episodes in patients already 
on antiplatelet medication, and justify the need for this 
type of drug in cases of acute ischaemic events.14,15

ADP has a pivotal role in the platelet activation 
and aggregation process, acting on the purinergic re-
ceptors P2X1, P2Y1 and P2Y12 located on the plate-
let surface. These receptors act synergistically in the 
activation of the cell. The P2X1 receptor participates 
in the change of the platelet’s shape, while P2Y1 is 
responsible for the initial reversible activation and 
P2Y12 for the prolonged activation and aggregation 
of platelets.16

Platelet activation also induces the release of ara-
chidonic acid from the phospholipids of the cell mem-
brane through the action of a cytoplasmic phospho-
lipase A2. Arachidonic acid is metabolised by cyclo-
oxygenase (COX) -1, mainly towards prostaglandins 
G2/H2, and subsequently thromboxane A2 (TXA2) 
is formed by TXA2 synthetase. This molecule further 
activates the platelets, acting on a specific surface re-
ceptor while exerting a pro-inflammatory effect on 
the cells of the arterial wall.17,18

Apart from the established importance of plate-
let actions in the thrombotic procedure, they play a 
significant role in the formation of the atheromatous 
plaque. According to recent reports, they adhere to 
the endothelium under mild inflammatory conditions 
and attract monocytes, which penetrate the sub-endo-
thelium and are transformed into macrophages and 
foam cells. Several adhesion molecules (P-selectin, 
ICAM-1) and chemokines (MCP-1, SDF-1, IL1β, IL-
8, CD40L, RANTES, ENA-78, etc.) participate in 
these intercellular interactions and enhance the in-
flammation in the arterial wall.19 Apart from mono-
cytes, endothelial progenitor cells (EPCs) are also 
recruited by the activated platelets and have the po-
tential to transform into either foam cells, promoting 
atherogenesis, or into endothelial cells, leading to en-
dothelial regeneration. The specific conditions that in-
fluence this procedure need to be elucidated further.20
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As previously mentioned, platelet activation and ag-
gregation are pivotal steps in the formation and ex-
pansion of atheromatous lesions, the generation of 
thrombus after plaque rupture, and the synthesis of 
thrombin, which stabilises the thrombus.

The inhibition of platelet activation and aggrega-
tion modifies these cardinal procedures. The clinical 
efficacy and safety of antiplatelet regimens consisting 
of aspirin and thienopyridines (mostly clopidogrel)21 
was proven by:
1. A meta-analysis of 287 clinical trials regarding 

the secondary prevention of ischaemic cerebro-
vascular events in patients with atherothrombo-
sis, performed by the Antithrombotic Trialists’ 
Collaboration, which showed that 75-150 mg as-
pirin per day reduces the incidence of ischaemic 
episodes by 25% compared to no antiplatelet 
therapy.22,23

2. The CAPRIE study,24 which included 19,185 pa-
tients with atherothrombotic disease (recent cer-
ebrovascular event, or acute myocardial infarc-
tion or symptomatic peripheral arterial disease) 
and compared the efficacy and safety of long-
term clopidogrel (75 mg/day) with aspirin (325 
mg/day) in the prevention of new atherothrom-
botic complication or vascular death. The risk of 
a new event per year was 5.32% for the clopidog-
rel and 5.38% for the aspirin group (p=0.043). 
The use of clopidogrel decreased the risk of new 
episodes by 8.7% compared to aspirin, without 
increasing the incidence of serious bleeding.
Aspirin and clopidogrel represent the corner-

stone of modern orally administered antiplatelet 
medication, given the established reduction by nearly 
25% of mortality and morbidity in patients with ath-
erothrombotic disease. However, 10-20% of these pa-
tients suffer thrombotic complications even though 
they receive antiplatelet drugs. This percentage has 
been slightly reduced with the introduction of prasug-
rel, a novel third generation thienopyridine. 

ADP is a more potent platelet activator than ar-
achidonic acid. Thus, pharmacologically speaking, 
clopidogrel has to be more powerful than aspirin. 
The combination of both drugs produces even bet-
ter platelet inhibition (synergistic action). Prasugrel 
is more effective than clopidogrel, mainly because 
of its different pharmacokinetic profile, with rapid 
metabolic activation by CYP450 in the liver and fast 
achievement of high concentrations of the active me-

tabolite in comparison with clopidogrel. The TRI-
TON-TIMI 38 trial reported that prasugrel adminis-
tration in patients with ACS undergoing PCI corre-
lates with fewer major cardiovascular complications 
compared to clopidogrel, especially during the first 
month. Nevertheless, this agent is related with a sig-
nificant greater risk of major haemorrhage, occurring 
mostly within the first month after the procedure.25 
As a result, the efficacy and safety of the antiplate-
let medication can be further improved. This can be 
achieved in the middle term by the better use of exist-
ing drugs, based on a knowledge of pharmacokinet-
ics, pharmacodynamics and pharmacogenomics. Nov-
el substances are already in development (reversible 
P2Y12 antagonists such as ticagrelor and elinogrel, 
thrombin receptor PAR-1 antagonists) and they are 
expected, on a long-term basis, to reduce the frequen-
cy of major cardiovascular complications in patients 
with atherothrombosis.26 

Pharmacokinetic and pharmacodynamic properties of 
aspirin

Aspirin (acetylsalicylic acid) is rapidly and almost en-
tirely absorbed by the stomach and duodenum. After 
administration of an oral dose of non intestine-sol-
uble aspirin preparation, 80-100% of the drug is ab-
sorbed in 20 minutes to 2 hours. The maximum se-
rum concentration is achieved in 30 min. In contrast, 
intestine soluble tablets have a markedly reduced ab-
sorption, resulting in a bioavailability decreased by 
40-50% for more than 3-8 hours after administration. 
The drug’s half-life in blood is low (15-30 min) owing 
to fast hydrolytic degradation by esterases of the in-
testinal mucosa, liver and blood. Thus, aspirin prob-
ably exerts its antiplatelet action mainly on the plate-
lets of the portal circulation. The recommended daily 
dosage in patients with atherothrombosis (75-325 mg) 
is 3-10 fold higher than the minimum dose required 
to produce full inhibition of COX-1 (20-30 mg). This 
difference explains the very small inter-individual 
variability in terms of response to the drug. Aspi-
rin’s activity is not influenced by gender, age or plate-
let count.27 The most important mechanism of aspi-
rin’s antiplatelet action, in doses used in cardiovascu-
lar disease, is the irreversible acetylation of the –OH 
moiety of serine-529 in the active centre of COX-1. 
This chemical modification inhibits the ligation of 
arachidonic acid inside the active centre, a necessary 
procedure for TXA2 synthesis. A reduction in TXA2 
synthesis of at least 90% is required to obtain effi-
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cient inhibition of platelet aggregation. In most pa-
tients this is accomplished with 30 mg/day, and the 
antiplatelet result remains virtually the same if the 
dose exceeds 80-100 mg/day. In high doses, COX-2 
is also blocked and the anti-inflammatory action be-
comes apparent. Moreover, in high concentrations, 
aspirin inhibits COX-1 and, to a lesser degree, COX-
2 in endothelial cells, reducing the synthesis of PGI2 
(prostacycline), which has a significant antiplatelet 
action.5

Aspirin is a rather weak inhibitor of platelet activa-
tion induced by thrombin, ADP, serotonin or adrena-
line. COX-1 in platelets exposed to aspirin is inactivat-
ed permanently, for the rest of the cells’ life—a period 
that usually reaches 7-10 days, since platelets as termi-
nally differentiated cells have lost their nuclei and are 
incapable of synthesising new molecules of the enzyme. 
As a result, the restoration of platelet activity depends 
on the production of new platelets from the bone mar-
row. Notably, as nearly 10% of the circulating plate-
lets are replenished every day, almost 30% of platelets 
will have fully active COX-1 and normal production of 
TXA2 48 hours after the last aspirin dose. Apparently, 
daily aspirin administration is recommended over ev-
ery second day regimen.

Pharmacokinetic and pharmacodynamic properties of 
clopidogrel 

Clopidogrel is a member of the thienopyridine family, 
along with ticlopidine and prasugrel, and is a powerful 
antiplatelet agent.28 It is a prodrug, which is absorbed 
in the gut with the aid of the ABCB1/MDR1 protein 
transporter. Subsequently, it is converted to the active 
metabolite by several isoforms of cytochrome P450 in 
the liver, mainly CYP2C19. CYP3A4, CYP3A5, CY-
P1A2, CYP2B6 and CYP2C9 also participate in the 
procedure. The maximum concentration of the active 
metabolite in blood is reached within 1 hour after the 
administration of 600 mg clopidogrel.29 Interestingly, 
85% of the absorbed drug is hydrolysed by plasma and 
intestinal mucosa esterases to form inactive products. 
The half-life of the active metabolite after a single or 
multiple doses is about 8 hours.30 This active metabo-
lite is a potent selective inhibitor of the P2Y12 ADP 
receptor, which exerts its action by forming disulph-
uric bonds with two serine residues (ser-17, ser-270) 
of the receptor molecule. This chemical modification 
causes an irreversible inhibition of ADP ligation to the 
receptor that in turn leads to an increase in levels of 
cyclic adenosine monophosphate (cAMP) in the cyto-

plasm of the platelet. The resulting phosphorylation of 
vasodilator-stimulated phosphoprotein (VASP) finally 
inhibits the activation of the GPIIb/IIIa receptors and 
eventually platelet aggregation. The maximum inhibi-
tory activity of clopidogrel is reached in 24 hours af-
ter administration of 75 mg, in six hours after 300 mg, 
and in two hours after 600 mg. As the P2Y12 receptor 
blockade is irreversible, and 10% of platelets are re-
newed daily, at 5 days after treatment cessation 50% 
of the circulating platelets will be completely function-
al and capable of producing adequate hemostasis. 

The final outcome of clopidogrel use, namely the 
inhibition of platelet activation by ADP, is influenced by 
several factors. The absorption (intestinal mucosa) and 
metabolism of the drug (esterases, CYP450 isoforms) 
consist of a sequence of events that define the quantity 
of the active drug produced.31 There is also a close rela-
tionship between its plasma concentration and the ra-
pidity and level of inhibition of platelet activation. Fur-
thermore, conditions affecting the affinity of clopidogrel 
with the P2Y12 receptor can also influence its action. 

The significance of the former remarks regarding 
the factors that can alter clopidogrel’s effectiveness is 
becoming apparent nowadays, as numerous generic 
forms of clopidogrel are widely available. They differ 
from the prototype drug (clopidogrel bisulphate), on-
ly in the chemical composition of the clopidogrel salt, 
which can be either besylate or hydrochloride. The 
health authorities of the European Union have ap-
proved the generic products using different salts but 
they are not marketed in the USA. Studies performed 
on healthy volunteers have established the bio-equiv-
alence between the generic clopidogrel salts and the 
prototype drug. However, pharmacokinetic and phar-
macodynamic data regarding this equivalence in the 
setting of ACS and in patients undergoing PCI are 
still lacking.32 This cognitive defect has triggered an 
extensive debate among specialists, and many nation-
al cardiovascular societies have proposed avoiding 
the use of generic forms in ACS and in cases of PCI.33 
The Greek National Organisation for Medicines and 
the European authorities have endorsed this position. 
Thus, so far, the generic forms of clopidogrel are in-
dicated for the secondary prevention of atherothrom-
bosis, in patients with previous myocardial infarction, 
stroke or established peripheral arterial disease. It 
becomes obvious that these agents are still well dif-
ferentiated in terms of clinical indications from the 
prototype clopidogrel bisulphate, which, apart from 
secondary prevention, is considered necessary in the 
acute phase of thrombotic episodes (ACS), during 
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PCI and for the following year, and is indicated for 
patients suffering from diseases derived from the 
whole spectrum of atherothrombosis.

Pharmacological interactions and response 
modification in antiplatelet treatment

Aspirin and clopidogrel present major interactions 
with 58 and 50 known drugs, respectively.34 Knowl-
edge of the ones that can potentially reduce the an-
tiplatelet efficacy of aspirin or clopidogrel and affect 
clinical outcomes is crucial. The most significant in-
teractions concern those with:
1. drugs used in the treatment of atherothrombosis 

(statins, etc.);
2. drugs used to ameliorate the gastrointestinal side 

effects of aspirin (protein pump inhibitors);
3. drugs used in the therapy of other concomitant 

diseases (non-steroidal anti-inflammatory drugs, 
etc.)

Antiplatelet medication and statins

Aspirin and statins

There is evidence that co-administration of aspirin 
with statins has a synergistic action in the secondary 
prevention of atherothrombosis. A recent study has 
shown that long-term treatment with both drugs in 
patients with ACS decreases the relative risk of a re-
currence by 24% compared with aspirin monothera-
py.35 This observation needs confirmation in studies 
with greater numbers of patients.

Clopidogrel and statins

After the study by Lau et al36 was published, an intense 
debate took place addressing the issue of clopidogrel 
action inhibition by simultaneous administration of li-
pophilic statins metabolised by CYP450 3A4. For the 
time being, on the basis of the results of the study by 
Mitsios et al37 and other supporting studies, the scien-
tific community accepts that lipophilic statins such as 
atorvastatin, rosuvastatin, etc., do not influence the an-
tiplatelet, efficacy of clopidogrel.38-40

Interactions with non-steroidal anti-inflammatory drugs 
(NSAIDs)

NSAIDs are widely used and, apart from their ad-
verse gastrointestinal effects, they interfere with the 

metabolic pathway of arachidonic acid, causing tem-
porary inhibition of platelet activation. More specifi-
cally, agents like ibuprofen and indomethacin pro-
duce reversible inhibition of COX-1 through acety-
lation at the same enzyme site as aspirin. Ibuprofen 
administration before aspirin antagonises aspirin’s 
binding to COX-1. Since the half-life of aspirin is 
only 15-20 min, the drug has been cleared from the 
blood by the time COX-1 is again vulnerable to in-
hibition and so no antiplatelet action is achieved.41,42 
In a retrospective study in patients receiving aspi-
rin after hospital discharge, the subjects on concomi-
tant ibuprofen use faced a twofold increased risk of 
death compared to those taking aspirin alone, or with 
other NSAIDs such as acetaminophen. It is assumed 
that for every 1000 patients on aspirin treatment, 
12 deaths per year can be attributed to NSAID use. 
Clopidogrel has not been reported to interact with 
NSAIDs so far.

Antiplatelets and protein pump inhibitors (PPIs)

As previously mentioned, co-administration of clopi-
dogrel with drugs metabolised by or interacting with 
CYP450 isoforms, and especially CYP2C19, may re-
sult in reduced production of the active metabolite 
of the prodrug and subsequently the loss of its anti-
platelet potency when used in a maintenance dose (75 
mg). Aspirin has no hepatic metabolism and is free of 
such effects. Clopidogrel’s interaction with PPIs de-
serves special mention because these drugs are widely 
used to prevent and treat the gastrointestinal adverse 
effects related to antiplatelet medication. 

PPIs are metabolised in the liver by several 
CYP450 isoforms; thus, they can interact with thieno-
pyridines, reducing their active metabolite concentra-
tions, their antiplatelet efficiency, and exposing pa-
tients to increased risk for cardiovascular complica-
tions. This hypothesis was tested in a series of clinical 
and laboratory studies characterised by great hetero-
geneity in terms of study design and conclusive re-
sults. We intend to present the most important, along 
with their meta-analysis. 

In 18,565 patients receiving clopidogrel after an 
ACS or PCI, the incidence of new myocardial infarc-
tion was 2.6% in the subgroup taking PPI and 2.1% 
in the other patients. Mortality was 1.22% and 1.2%, 
respectively.43 The results of PRINCIPLE-TIMI 44, 
which assessed the inhibition of platelet aggregation 
6 h after the administration of clopidogrel 600 mg or 
prasugrel, and TRITON-TIMI 38, which compared 
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the efficacy and safety of prasugrel with clopidogrel 
over a composite endpoint of mortality and incidence 
of myocardial infarction (MI) or stroke, were recent-
ly subjected to post hoc analysis. In the first study, in 
subjects receiving clopidogrel and PPIs platelet ag-
gregation was 35% greater than in those receiving 
clopidogrel alone. In prasugrel recipients, PPI ad-
ministration increased platelet aggregation by 10%. 
However, subgroup analysis of TRITON-TIMI 38 did 
not show any significant correlation between PPI ad-
ministration and mortality or the occurrence of major 
cardiovascular events.44 

Another study, involving 1425 patients with ACS 
undergoing PCI who received a 600 mg loading dose 
of clopidogrel, reported that PPI use for at least one 
week prior to the intervention was related with a 20% 
increase in platelet aggregation.45

Recently a meta-analysis of eight clinical and labo-
ratory trials was published, evaluating the effect of co-
administration of clopidogrel and PPIs on the morbid-
ity and mortality of patients with atherothrombosis.46 
Two studies showed that PPIs negatively affected clop-
idogrel’s action with respect to platelet aggregation, 
but two others did not confirm this finding. Three out 
of four clinical trials analysed reported a significant in-
crease in MI or stroke occurrence, hospitalisation due 
to cardiovascular reasons, or death, when PPIs were 
use concomitantly with clopidogrel and aspirin.

Another recent meta-analysis focused on the mor-
tality and frequency of major cardiovascular events. A 
total of 93,278 patients from 23 trials were analysed. 
Despite some heterogeneity among the trials, no sig-
nificant increase in cardiovascular risk or mortality was 
attributed to PPI usage.47 So far, there are no prospec-
tive randomised trials addressing this issue and some 
small studies have come up with conflicting results. 

In one small trial, 104 patients undergoing PCI 
and receiving aspirin 75 mg and clopidogrel 150 mg 
maintenance dose for 30 days were randomised to ei-
ther omeprazole or pantoprazole.48 The incidence of 
reduced clopidogrel response (evaluation by VASP 
method) was two times greater in the omeprazole 
group. In contrast, in a recent small prospective obser-
vational study omeprazole did not alter the incidence 
of major cardiovascular events in PCI patients.49

Clopidogrel-PPI interaction was also assessed 
in a large retrospective case-control study analysing 
13,636 individuals who were admitted due to myo-
cardial infarction and were discharged on clopidogrel 
treatment. Of these, 734 were rehospitalised because 
of a new MI within 90 days. Multivariate analysis 

showed that, compared to a control group (n=2057), 
concomitant use of PPIs was related with an increase 
in the relative risk for new thrombotic episode by 
1.27% (95% CI: 1.03-1.57) only for the first 90 days 
after the first admission. Classification by PPI type 
showed that pantoprazole, which does not inhibit 
CYP450 2C19, did not correlate with the increase in 
thrombotic events.50 On the basis of available evi-
dence, the US Food and Drug Administration (FDA) 
suggests that patients on clopidogrel therapy should 
consult their doctor in order to initiate or withdraw 
PPI treatment.51 According to the FDA, co-adminis-
tration of clopidogrel and omeprazole causes a 45% 
and 47% reduction in the concentration of the ac-
tive clopidogrel metabolite and in platelet inhibi-
tion, respectively. Omeprazole inhibits clopidogrel 
equally, regardless of the administration timing, as 
long as it is given within 12 hours after clopidogrel. 
Esomaprazole exerts an action on CYP2C19 compa-
rable to omeprazole and the FDA suggests avoiding 
co-administration of omeprazole or esomaprazole 
with clopidogrel, noting that we lack data regarding 
the interaction of other PPIs with clopidogrel. Never-
theless, it advises doctors to be very careful when pre-
scribing PPIs in general to patients who are already 
on clopidogrel. The recent report from the Commit-
tee for Medicinal Products for Human Use of the Eu-
ropean Medicines Agency states, in accordance with 
the FDA’s suggestions, that the simultaneous use of 
clopidogrel with omeprazole or esomeprazole, but 
not other PPIs, should be discouraged.

The FDA also recommends avoiding adminis-
tering other drugs that inhibit CYP2C19, such as ci-
metidine, fluconazole, boriconazole, etravirin, felb-
amate, fluoxetine and fluxamine, together with clop-
idogrel. As far as other gastroprotective agents are 
concerned—namely ranitidine, famotidine or nizati-
dine—there is no evidence to show that they can af-
fect clopidogrel’s efficacy.52 It should be emphasised 
that PPIs are the established therapeutic strategy of 
choice for patients receiving antiplatelet agents who 
are at risk of gastrointestinal bleeding. Furthermore, 
the trials evaluating PPIs’ influence on clopidogrel’s 
action are prospective observational studies. So far, 
no double-blind randomised trials have examined this 
issue.

Resistance to antiplatelet treatment

Using oral antiplatelet drugs in secondary preven-
tion reduces the risk of MI and cardiovascular death 
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by 25% and 20%, respectively. However, 15% of pa-
tients with coronary artery disease who are under 
continuous antiplatelet therapy will need additional 
admission due to a new MI or stroke. This observa-
tion points up the need for the improvement of the 
efficacy of antiplatelet therapy and raises the issue of 
early recognition of antiplatelet drug resistance. This 
term encompasses two entities:
1. Clinical resistance. This refers to patients who 

suffer a new thrombotic episode while receiving 
antiplatelet medication. We should point out that 
thrombosis is a complex procedure and platelet 
activation is only one step of it. Moreover, each 
antiplatelet agent acts on one of the several met-
abolic pathways underlying platelet activation. 
Thus, the nature and intensity of the thrombo-
genic insult is important in overcoming the anti-
platelet effect of a single substance. Another fac-
tor that has to be kept in mind is the possibility 
of wrong estimation of the cause of thrombosis, 
which results in the use of improper medication.

2. Laboratory resistance. This is defined as the fail-
ure of antiplatelet therapy to inhibit platelet 
function, as evaluated ex vivo by one or more ac-
ceptable laboratory methods. A significant num-
ber of clinical and laboratory studies are now in 
progress, aiming to predict which of the patients 
with established laboratory resistance to anti-
platelets are at risk for clinically overt resistance.

The major pathophysiological mechanisms re-
sponsible for resistance to aspirin and clopidogrel are 
depicted in Table 1.

Laboratory methods used to evaluate antiplatelet drug 
resistance

These methods are divided into three categories.

Specialised biochemical methods

These allow the measurement of certain metabo-
lites in plasma or urine whose concentration changes 
according to the activation state of platelets, as well 
as the concentration of the active metabolites of clop-
idogrel and prasugrel in plasma.
• Aspirin resistance can be evaluated directly by 

measuring TXA2 production, which increases 
during platelet activation and is inhibited by as-
pirin. TXA2 is an unstable molecule and is me-
tabolised rapidly towards more stable forms like 

TXB2, which can be measured in the serum, and 
11-dihydroTXB2, which is found in the urine. The 
levels of these metabolites are dependent upon 
COX-1 activity; thus, their measurement is a re-
liable index of the efficacy of small aspirin doses.

• Thienopyridine resistance. During clopidogrel or 
prasugrel therapy, two parameters may feasibly 
be measured:
i. Active metabolite levels;
ii. The phosphorylation of phosphoprotein 

VASP inside the platelet cytoplasm. A spe-
cific monoclonal antibody labelled with a flu-
orescent agent is used and the measure is 
achieved with flow cytometry.

This facility helps us evaluate platelet response to 
thienopyridine therapy, which is quantified using the 
Platelet Reactivity Index (PRI).

Functional methods

These can evaluate the effect of antiplatelet therapy 
on platelet activation induced by several agonists. The 
common feature of all these methods is that they use 
different platelet activators (ADP, collagen, arachi-
donic acid) sequentially and using the blood sample 
from a single puncture, and thus they make it possible 
to check the antiplatelet action of different drugs (as-
pirin, clopidogrel, prasugrel, IIb/IIIa inhibitors). With 
these methods we can determine platelet reactivity to 

Table 1. Mechanisms of resistance to aspirin and clopidogrel.

Mechanisms of resistance to aspirin
1. Inadequate inhibition of platelet COX-1 pathway
2. Failure of aspirin’s inhibitory action on platelet COX-1 pathway 
3. Reduced bioavailability of aspirin
4. Alternative pathways of platelet activation
5. Increased production of platelets
6. Genetic polymorphisms
7. Reduced antiplatelet activity of aspirin in case of long-term use
8. Occurrence of cardiovascular events of non-atherothrombotic 

aetiology
Mechanisms of resistance to clopidogrel:
1. Inappropriate compliance by the patients
2. Reduced bioavailability of the drug
3. Variability in the clearance of the active metabolite of 

clopidogrel
4. Alterative pathways of platelet activation
5. Genetic polymorphisms (e.g. isomorph 2C19 of cytochrome 

P450) 
6. Increased ADP production 
7. Variation of the metabolism of clopidogrel through genetic 
 polymorphisms of cytochrome P450

ADP – adenosine diphosphate; COX – cyclo-oxygenase.
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arachidonic acid (aspirin therapy) or ADP (clopido-
grel or prasugrel therapy), simulating the normal cell 
environment with the presence of plasma and blood 
cells, and we can obtain more information compared 
to the biochemical methods described previously.

Each of the available applications has a different 
functional mechanism and evaluates a different as-
pect of platelet reactivity. In this way, the functional 
methods are considered complementary to each oth-
er, which is why none of them is indicated for routine 
clinical use. According to recent data and experience 
from specialized centres, the simultaneous use of dif-
ferent functional methods leads to a more accurate 
approach to the complicated biochemical procedure 
of platelet activation and hypercoagulable state. 

The most thoroughly evaluated and verified func-
tional methods are the following:
•	 Light transmittance aggregometry is the most 

widely used and is considered the method of 
choice. It requires the use of platelet-rich plasma 
(PRP) and is based on the alteration of the opti-
cal density of the platelet solution during activa-
tion by ADP, arachidonic acid, collagen, adren-
aline or thrombin receptor activating peptide 
(TRAP). It provides us with ample information 
but it is time consuming and technically demand-
ing, especially with regard to sample preparation, 
and it is rather difficult to apply in daily practice.

•	 Impedance aggregometry is performed in whole 
blood specimens and determines the adhesion and 
aggregation of platelets. The primarily measured 
parameter is the change in electrical impedance 
occurring when platelets are activated by natu-
ral activators (ADP, arachidonic acid or TRAP), 
and adhere and aggregate upon two electrodes 
placed in the sample. Today this technique is used 
as a point-of-care method using the “Multiplate” 
(Dynabate) analyser, which has been used in sev-
eral clinical trials in patients with coronary heart 
disease, with reliable results, and does not require 
sophisticated sample preparation since the meas-
urement is performed in whole blood.

•	 Whole blood aggregometry using VerifyNow (Ac-
cumetrics). This method is also performed in whole 
blood and evaluates platelet aggregation under the 
influence of natural activators. The determination 
is based on the optical density changes. It is quite 
easily done and no special sample preparation is 
needed. It can be used as a point-of-care method 
and its clinical value has been examined thoroughly 
in patients with coronary heart disease. Several tri-

als, such as the GRAVITAS trial, are in progress to 
evaluate VerifyNow as a point-of-care technique.

•	 Platelet function analysis with the PFA-100 sys-
tem (Siemens). This is a method that measures 
the time needed for the blood flow to be disrupt-
ed in a small tubule whose walls are covered in 
platelet activators. It uses whole blood samples 
and until recently only kits for determining plate-
let response to aspirin were available. Today, 
thienopyridine resistance can also be measured 
and the method is under evaluation as a point-of-
cars technique by clinical trials in progress.

•	 Thromboelastography-platelet mapping uses 
whole blood and allows for the evaluation of the 
contribution of platelet activation to the kinetics 
of thrombus formation and the quality character-
istics of the thrombus itself. It is currently being 
tested in patients with acute coronary syndromes.

Pharmacogenomic methods

The presence of single nucleotide polymorphisms 
(SNPs) in the genes encoding either for the transfer 
protein ABCB1, responsible for thienopyridine ab-
sorption from the intestinal mucosa, or different iso-
forms of CYP450, like CYP2C19, which control thi-
enopyridine metabolism in the liver and production of 
their active metabolites, results in significant modifica-
tion of these agents’ pharmacokinetic and pharmaco-
dynamic properties. Recent prospective trials showed 
that, in patients receiving clopidogrel post PCI, the 
presence of SNPs in these genes correlates with a sig-
nificant increase, up to fourfold, of the risk for major 
cardiovascular events during the first 12 months.53

It should be underlined that all the previously 
mentioned biochemical, functional and pharmacoge-
nomics methods require the presence of specialised 
personnel. Platelets are very sensitive, and their ac-
tivation depends on the anticoagulants used, the ve-
nous puncture (blood collection through a venous 
catheter and disposing of the first 2 ml of blood is re-
quired), the measurement timing, the agonist concen-
tration, etc. These difficulties are partly ameliorated 
when point-of-care methods are used.

Clinical consequences of laboratory antiplatelet resistance

Aspirin resistance

The platelet response to aspirin, as determined by 
biochemical or functional methods, is an all-or-none 
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phenomenon. The prevalence of aspirin resistance 
differs with respect to the evaluation method used but 
it reaches 5-9% in patients with coronary heart dis-
ease who receive the drug.54-56 Recent studies report 
this percentage to be 40% lower in individuals who 
are on a double antiplatelet regimen.57 

Clopidogrel resistance

This is related to the degree of in vitro inhibition of 
ADP-induced platelet activity in patients taking clop-
idogrel. In this population, this parameter presents 
a normal distribution curve (Gaussian distribution). 
At the margins of the curve, 4% do not respond to 
the drug at all and another 4% present full inhibition 
of platelets. For this reason the patients’ response to 
clopidogrel is described as “variable”.59,60 Among the 
common reasons for resistance to clopidogrel, the pa-
tient’s non-compliance holds an important position.61 

Resistance to aspirin and—mainly—clopidogrel 
changes over time in nearly 30% of patients and is af-
fected by the presence of inflammation or a hyperco-
agulable state.62,63 Often, resistance to clopidogrel co-
exists with cardiovascular risk factors (hypertension, 
dyslipidaemia, diabetes mellitus),64,65 although it is 
unclear whether modification of the risk factors alters 
the antiplatelet resistance status. Moreover, plate-
let response to clopidogrel seems to differ according 
to the salt used in the drug preparation, as a recent 
study reported after administering 300 mg of proto-
type clopidogrel and benzyl-sulphuric clopidogrel salt 
sequentially to healthy volunteers.66

An additional problem in diagnosing resistance 
to antiplatelet medication is the determination of the 
normal value range for every method, which is nec-
essary to avoid both a pro-thrombotic condition and 
haemorrhagic complications. A series of prospective 
studies have defined the therapeutic range (optimal 
residual platelet activity) for Multiplate, VerifyNow 
and Whole Blood Aggregometry techniques.57,67-74 In 
any case, the genomic evaluation of a patient, com-
bined with biochemical and functional methods, is 
expected to improve the efficacy of antiplatelet treat-
ment.75

Resistance to antiplatelet therapy and thrombotic risk 

Resistance to aspirin is an independent risk factor 
for major cardiovascular events, and such events oc-
cur in 40% of patients with laboratory evidence of re-
sistance to aspirin, though only in 4.4% in those with 

an adequate response to medication.76 Their actual 
prevalence is probably higher, because of comorbidi-
ties leading to hypercoagulability (e.g. neoplasms). A 
recent meta-analysis of 14 trials evaluating 4564 pa-
tients with coronary heart disease undergoing PCI, 
in terms of response to clopidogrel, showed that anti-
platelet resistance reached 20%.71 Prospective follow 
up disclosed that the risk for a major cardiovascular 
event (MI, stent thrombosis, cardiovascular death) is 
5.6 times greater in patients resistant to clopidogrel.

Management of antiplatelet drug resistance

Platelet activation in patients with atherothrombo-
sis is a complicated procedure. Successful inhibition 
of this phenomenon with antiplatelet medication is 
a therapeutic challenge with significant beneficial ef-
fects in terms of the patient’s survival. Aspirin and 
clopidogrel are effective agents with a large therapeu-
tic window, which allows for dose adjustments with-
out significant safety compromise. The antiplatelet 
medication available so far provides us with the fol-
lowing treatment options:25,77,78

1. Loading therapy during PCI:
a. Aspirin up to 325 mg and clopidogrel 300 mg, 

which is the suggested regimen for all pa-
tients undergoing PCI.

b. Aspirin up to 325 mg and clopidogrel 600 mg. 
This is suggested in high-risk patients and is 
associated with less laboratory resistance to 
clopidogrel.

c. Aspirin up to 325 mg and prasugrel 60 mg.
2. Maintenance therapy in patients with stent place-

ment: 
a. Aspirin up to 325 mg/day and clopidogrel 75 

mg/day is recommended for all patients.
b. Aspirin up to 325 mg/day and clopidogrel 150 

mg/day. This therapeutic option is being eval-
uated for high-risk individuals with resistance 
to clopidogrel.

c. Aspirin up to 325 mg/day and prasugrel 10 
mg/day. This scheme was tested in the TRI-
TON-TIMI 38 trial and proved efficient, 
though causing a significant increase of bleed-
ing risk.

In daily practice, physicians face the following is-
sues regarding antiplatelet drug resistance:
1. Antiplatelet therapy modification in patients pre-

senting with a thrombotic episode during single (as-
pirin or clopidogrel) or double (aspirin and clopi-
dogrel or prasugrel) therapy.
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In this category, antiplatelet resistance evaluation 
in specialised laboratories will suggest whether 
the episode is related to drug resistance and will 
guide appropriate therapy. This approach is rec-
ommended by the ESC and ACCP guidelines.

2. Diagnosis of clopidogrel resistance within 48 hours 
from PCI and stenting and selection of the best an-
tiplatelet regimen in order to avoid major cardiovas-
cular complications.
The clinical value of this approach has been estab-
lished by large prospective trials, which tested the 
effectiveness of Multiplate, VerifyNow, aggrega-
tion in PRP and VASP measurement. These stud-
ies showed that within one month post PCI the 
risk for cardiovascular complications is increased 
by 5-8 times. However, given the special technical 
characteristics of the methods described previous-
ly, specialised medical teams should evaluate the 
results. The efficacy and safety of the available 
therapeutic options has not been examined in 
prospective randomised trials and thus no treat-
ment modification can be recommended, unless 
it represents a decision of cooperating specialised 
clinical and laboratory scientific groups and is ap-
plied to high-risk patients. A repeated measure-
ment of the response to the antiplatelet treat-
ment is considered essential.

3. Diagnosis of resistance to aspirin or clopidogrel in 
high-risk patients with remote ACS or PCI, who are 
receiving long-term antiplatelet therapy.
These patients are of particular interest, because 
they sometimes suffer from additional comorbid-
ities (cancer, inflammatory diseases) or undergo 
surgical operation, which can alter the response 
to antiplatelet therapy and increase cardiovas-
cular risk. The number of trials addressing this 
clinical setting is minimal, although the optimi-
sation of antiplatelet medication is of cardinal 
significance in such cases. In view of the lack of 
data, the laboratory control and decision mak-
ing should be carried out by groups of specialists. 
Extreme precautions should be taken when a ge-
neric form substitutes for prototype clopidogrel. 
These patients must undergo an evaluation of 
clopidogrel response, because the change of the 
salt contained in the drug preparation might af-
fect the level of platelet inhibition.79

As far as the genetic polymorphisms influenc-
ing the metabolism of clopidogrel are concerned, the 
FDA has recently published a report regarding the 
management of patients with decreased production 

of the active clopidogrel metabolite (poor metabo-
lisers). This report underlines that doctors should be 
aware of the availability of genetic tests to diagnose 
CYP2C19 polymorphisms. It also advises physicians 
to use different doses of clopidogrel, or even different 
antiplatelet agents, in these patients.80

Apart from the abovementioned actions, one could 
hypothesise that the use of other antiplatelet agents 
may be an alternative in cases of documented resis-
tance to the abovementioned agents. In this con-
text triflusal has been approved for the prevention of 
thromboembolism in patients with atrial fibrillation 
and has also been tested in patients after acute MI.81 
Finally, the development of novel antiplatelet drugs 
may provide a therapeutic option for these patients. 
In this regard, the results of the PLATO82 and TRI-
TON25 trials are very promising and show that these 
new drugs may be useful in the treatment of patients 
with clinically established resistance to aspirin and/or 
clopidogrel.

Conclusions

The analysis presented here reflects a scientific de-
bate that took place during the special meeting held 
in Athens on March 2009, under the auspices of the 
Hellenic Cardiovascular Research Society, and con-
cisely summarises all the recent evidence regarding 
the activation of platelets, their role in atherothrom-
botic disease, the special issues of antiplatelet ther-
apy, as well as the difficulties encountered and the 
management of adverse reactions during antiplatelet 
treatment in patients with acute coronary syndromes.

The main conclusions of this meeting were:
1. Platelets play a pivotal role in the pathogenesis of 

atherothrombosis.
2. Antithrombotic treatment is one of the three ax-

es forming the global therapeutic approach to 
atherothrombosis, as it aims at the inhibition of 
thrombosis, which is the main clinical aspect of 
the disease and more importantly, the main cause 
of patient death.

3. Aspirin and clopidogrel are considered the cor-
nerstone of modern oral antiplatelet medication, 
reducing the morbidity and mortality in athero-
thrombosis by 25% without significantly increas-
ing the risk of major bleeding.

4. A thorough knowledge of the pharmacokinetic 
and pharmacodynamic characteristics of the anti-
platelet agents commonly used by clinical cardiol-
ogists is essential for successful therapy.
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5. The knowledge of basic interactions of antiplate-
let drugs with other commonly used agents, con-
cerning either atherothrombosis or other disease, 
is also crucial.

6. From 10-20% of patients suffer thrombotic events 
while on antiplatelet medication. Improvement 
of the treatment efficacy is a serious therapeutic 
challenge. Advanced medication requirements 
can be met either by the development and usage 
of new agents and drug combinations, or by an 
improvement in the use of current regimens. The 
adaptation of antiplatelet treatment intensity and 
duration according to the patient profile in an in-
dividualised manner is the target of modern anti-
platelet therapy.

7. Aspirin or clopidogrel resistance in patients re-
ceiving double antiplatelet medication after PCI 
and stenting is a common feature and represents 
an independent risk factor for new major cardio-
vascular events.

8. Significant progress has been made in the devel-
opment of laboratory methods to diagnose resist-
ance to antiplatelet drugs. The currently available 
techniques are feasible and reliable. Moreover, 
the combined use of more than one of them al-
lows for a global evaluation of the response to an-
tiplatelet treatment.

9. Laboratory resistance to antiplatelet drugs in-
creases fivefold the risk of major cardiovascular 
events within one month after PCI. The recogni-
tion of high-risk patients who do not respond well 
to clopidogrel and the appropriate adaptation of 
antiplatelet medication intensity can improve the 
clinical outcome significantly.

10. Given the lack of extensive clinical data from 
large trials and the methodological particulari-
ties of diagnostic facilities, specialised scientific 
teams should be responsible for the diagnostic 
evaluation and therapeutic approach to patients 
resistant to antiplatelet medication.
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