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Abstract The interaction of platelets with endothelial and
inflammatory cells might trigger atherogenesis. Different
pathways are responsible for this contribution of platelets
to atherogenesis. A significant association has been de-
scribed between increased platelet activation and the extent
of atherosclerosis. Platelet reactivity also plays a key role in
determining outcomes of patients undergoing percutaneous
coronary intervention (PCI). Despite dual antiplatelet thera-
py, platelet reactivity increases early after the procedure
proportionally to the degree of vascular damage and endo-
thelial dysfunction induced by coronary interventions, and
large increases in platelet reactivity are also associated with
an increased risk of periprocedural myonecrosis. The inter-
action between platelets and vessel wall has important clin-
ical implications, especially in patients treated with PCI.
These include the appropriate selection of antiplatelet drugs
when more aggressive procedures are needed, the prognos-
tic significance of periprocedural variations of platelet reac-
tivity, and the correct timing for platelet function testing.
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Introduction

Acute coronary syndromes and cerebrovascular accidents
are often the first clinical presentation of cardiovascular
disease and share common pathophysiological mechanisms,
which involve vascular atherosclerosis and thrombosis. Pla-
telets play a key role in hemostasis and thrombosis, but they
are also actively involved in atherogenesis and growth of

atherosclerotic plaque. The interaction with endothelial and
inflammatory cells is the main pathway through which
platelets participate in the development of cardiovascular
disease, while thrombosis is the final step, leading to the
most detrimental clinical manifestation of this process. As a
consequence, pharmacological platelet inhibition has be-
come a cornerstone of treatment of patients with cardiovas-
cular disease and especially of those with coronary artery
disease (CAD) treated with percutaneous coronary interven-
tion (PCI). Antiplatelet therapy has been shown not only to
effectively reduce platelet aggregation but also to inhibit the
interaction of platelets with vessel wall and inflammatory
components, leading to an improvement in endothelial func-
tion and a reduction in inflammation.

In this review article, we examine the available evidence
on the interaction between platelets and vascular wall, the
clinical implications, and the effects of pharmacological
treatment targeting this interaction.

Platelets and Endothelial Function

Platelets are actively involved in the onset of endothelial
dysfunction and development of vascular atherosclerosis [1,
2]. Activated platelets (Fig. 1) can in fact interact with
inflammatory cells, such as neutrophils and monocytes,
endothelial cells, and with endothelial progenitor cells. As
long as endothelium is intact, platelets will not interact with
vessel wall. However, in the presence of endothelial damage
and subsequent inflammation, platelets adhere to activated
endothelial cells and this interaction is mediated by platelet
receptor glycoprotein IIb/IIIa, involving platelet-bound fibrin-
ogen, fibronectin, and vWF, as well as endothelial receptors,
such as intercellular adhesion molecule-1, alphavbeta3 integ-
rin, and glycoprotein Ib [3–6]. Platelet activation itself also
induces a local release of granules containing inflammatory
substances that further increase the inflammatory response of
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endothelial cells [7, 8]. The interaction between platelets and
the vascular wall involves different steps. Platelet–leukocyte
aggregates are first formed, activating leucocyte adhesion
receptors and serving as a bridge between leucocytes and the
endothelium. After their initial interaction, both platelets and
endothelial cells release chemoattractants, such as P-selectin,
and provide an adhesive surface for leucocytes [9, 10]. This
cascade of interactions leads to an exponential increase in
inflammation and cell damage at the level of the vessel wall,
creating the molecular and cellular substrate of endothelial
dysfunction and vascular atherosclerosis [11].

The importance of platelets in the pathogenesis of endo-
thelial dysfunction is also demonstrated by the fact that the
antiplatelet drugs improve endothelial function. Platelet
inhibition with aspirin has been shown to modulate
acetylcholine-induced peripheral vasodilation in patients
with atherosclerosis, via inhibition of cyclooxygenase-
dependent vasoconstrictors [11]. In addition, glycoprotein
IIb/IIIa blockade can improve endothelium-dependent vaso-
dilation in patients with symptomatic coronary artery dis-
ease, mainly enhancing nitric oxide bioactivity [12]. The
thienopyridine, clopidogrel, also increases nitric oxide pro-
duction in cultured endothelial cells and improves nitric
oxide mediated-vasodilatation in animal models [13, 14].
Furthermore, in patients with stable CAD, clopidogrel ad-
ministration, both as loading-dose or chronic therapy,
improves forearm blood flow and reduces biomarkers of
oxidative stress and inflammation [15, 16]. Overall, these

findings suggest that clopidogrel could directly improve
endothelial function, irrespective of its antiplatelet effect.
However, a correlation between the degree of platelet inhi-
bition and the magnitude of the beneficial effect on endo-
thelium has also been demonstrated. In a study of patients
with stable angina undergoing elective PCI, Muller et al.
[17] investigated the correlation between endothelial func-
tion and platelet reactivity after a 600-mg loading dose of
clopidogrel. Endothelial function was as assessed with pe-
ripheral arterial tonometry (measuring the “Endoscore”),
with von Willebrand factor antigen level, and with ristocetin
cofactor activity. Platelet reactivity was assessed with solu-
ble P-selectin levels and P2Y12 reaction units (PRU) mea-
sured with the VerifyNow assay. Overall, the findings
suggested that an impaired endothelial response before clo-
pidogrel is associated with greater platelet reactivity after
clopidogrel. As increased platelet reactivity predisposes to
higher risk of myonecrosis after PCI, this link might explain
the unfavorable PCI outcomes in patients with more severe
endothelial impairment.

Consistently, Hamilos et al. [18] appraised whether the
improvement in endothelial function induced by clopidogrel
was associated with the degree of platelet inhibition provided
by the drug. Endothelial function was evaluated before and
at least 12 h after 600 mg clopidogrel in 43 patients with
stable angina undergoing elective PCI. An improvement in
endothelial function after clopidogrel was observed in 20
patients, and this improvement significantly correlated with

Fig. 1 Pathways of platelet
activation (reproduced with
permission of Lars Faxalv,
Linkoping University,
Linkoping, Sweden)
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platelet reactivity. In particular, the endothelial function
significantly improved in patients with optimal platelet in-
hibition (defined as a reduction of platelet reaction unit to
below 204 U) after clopidogrel, while it remained un-
changed in patients with suboptimal platelet inhibition.
Therefore, in addition to a direct effect, the degree of platelet
inhibition represents an important additional mechanism
by which clopidogrel improves endothelial function. As
a considerable interindividual variability in the degree of
platelet inhibition after clopidogrel has been demonstrat-
ed, and a substantial proportion of patients present sub-
optimal platelet inhibition and high platelet reactivity
even after a 600-mg loading dose of clopidogrel, these
findings might have immediate clinical implications. In
fact, a more effective antiplatelet therapy might be use-
ful not only to prevent thrombotic events but also to
revert endothelial dysfunction, with potential positive
impact on clinical outcome. Moving from this assump-
tion, Patti et al. conducted a study comparing the effects
of high (150 mg) versus standard clopidogrel (75 mg)
maintenance doses on platelet inhibition, inflammation,
and endothelial function in patients undergoing PCI
[19]. In this randomized crossover study, patients in
the 150-mg/day arm had higher platelet inhibition, better
flow-mediated vasodilation, and lower high-sensitivity
C-reactive protein levels. Based on the evidence of such
beneficial effects on endothelium and inflammation, the
use of higher doses of clopidogrel might therefore be a
useful therapeutic option in selected patients with evident
endothelial dysfunction.

Platelets in Atherogenesis

After adhesion to the vessel wall at sites of endothelium
damage and activation, platelets contribute to the develop-
ment of atherosclerotic lesions [1, 2]. Different pathways are
responsible for this contribution of platelets to atherogenesis
[20–27]. von Willebrand factor mediates the recruitment of
platelets at the site of vascular injury and is also a determi-
nant of atherosclerotic plaque development [22]. COX-1-
dependent thromboxane has been demonstrated to acceler-
ate atherogenesis in animal models, suggesting that platelet
activation increases the rate of plaque formation [23, 24]. P-
selectin also stimulates monocytes and macrophages to re-
lease chemokines, and it promotes the formation of platelet–
monocyte aggregates [25]. From a clinical standpoint, a
significant association has been described between in-
creased platelet activation and carotid artery wall thickness
[28] and progressive thickening of the artery in patients with
type 2 diabetes mellitus and hypertension [29]. Patients with
stable CAD present high platelet reactivity and increased
levels of circulating monocyte–platelet aggregates [30],

which are also early markers of acute myocardial infarction
[31]. In addition, platelet reactivity is progressively in-
creased as a function of the number of vascular districts
involved by atherosclerosis (i.e., cerebral, cardiac, peripheral)
[32]. We have recently investigated the correlation between
platelet reactivity and the extension of coronary atheroscle-
rosis in a study of 338 patients undergoing PCI for stable
angina loaded with 600 mg clopidogrel [33]. Platelet
reactivity was measured with the VerifyNow P2Y12 assay,
defining high platelet reactivity (HPR) as PRU value ≥240.
The presence of multivessel disease (MVD) and total stent
length (TSL) were used as markers of atherosclerosis sever-
ity and extension. The results suggested that patients with
more extensive coronary atherosclerosis have higher platelet
reactivity and higher rates of HPR after clopidogrel, which
might partly account for higher risk of periprocedural MI.
On this basis, more aggressive platelet inhibition might be
particularly beneficial in patients with MVD and extensive
coronary atherosclerosis. This hypothesis is corroborated by
the results of a subanalysis of the “Enhanced Suppression of
the Platelet IIb/IIIa Receptor with Integrilin Therapy” trial
[34] that the increased risk of periprocedural myocardial
infarction observed in the highest TSL quartile could be
largely mitigated by the use of glycoprotein IIb/IIIa inhibitor
eptifibatide. This more aggressive antiplatelet strategy
resulted into similar rates of periprocedural myocardial in-
farction in patients with extensive stent use to those ob-
served in patients in the lowest TSL quartile. The potential
benefit of antiplatelet drugs in patients with preclinical
atherosclerosis is however yet to be demonstrated, and
when administered for primary prevention, dual antipla-
telet treatment with aspirin and clopidogrel has failed to
improve cardiovascular outcomes [35].

Platelet Reactivity in PCI

Platelet reactivity plays a key role in determining outcomes
of patients undergoing PCI, both in the periprocedural set-
ting [36, 37] and during follow-up [38, 39], and optimal
antiplatelet therapy is crucial for preventing procedural
thrombotic complications and recurrent ischemic events
[40, 41]. However, due to a wide interindividual variability
in baseline platelet reactivity and in response to antiplatelet
drugs, a significant proportion of patients still exhibit high
platelet reactivity despite treatment and therefore higher
thrombogenic risk. Coronary intervention procedures repre-
sent a vulnerable time frame during which thrombotic
events may occur triggered by coronary manipulation and
the use of thrombogenic materials (i.e., coronary wires,
balloon catheters, stents) [42, 43]. Moreover, PCI by itself
can induce changes in hemostatic markers [42], inflamma-
tory response [43], and platelet activation [44]. Despite
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ongoing dual antiplatelet therapy, platelet reactivity increases
early after the procedure as compared to 24 h later in
patients undergoing elective PCI with stent implantation
[45–47]. We have recently investigated the impact of differ-
ent types of coronary interventions on platelet reactivity in
patients with stable CAD [48]. We found that an increased
platelet reactivity is triggered by more extensive and aggres-
sive coronary interventions (i.e., with multiple stenting or
rotational atherectomy), which therefore expose to the risk
of suboptimal platelet inhibition despite recommended load-
ing dose of clopidogrel; that periprocedural variations of
platelet reactivity are specifically linked to the degree of
vascular damage and endothelial dysfunction induced by
coronary interventions; and that procedure-related platelet
activation is associated with an increased risk of myonec-
rosis. The evidence of transient platelet activation immedi-
ately after PCI has important clinical implications. First, in
patients with extensive CAD in whom complex revascular-
ization procedures are planned, a 600-mg loading dose of
clopidogrel might not be sufficient to inhibit platelet reac-
tivity in the vulnerable time frame around PCI. In this
setting, a high thrombotic milieu is to be expected and
therefore an increased risk of ischemic complications might
occur. Second, besides the prognostic significance of pre-
procedural levels, a role for periprocedural variations
emerges as a marker of risk for recurrent ischemic compli-
cations. In fact, PCI-induced platelet activation might be
even more important in determining myocardial damage.
Whether more aggressive antiplatelet strategies, such as
with glycoprotein IIb/IIIa inhibitors or newer P2Y12 recep-
tor blockers (i.e., prasugrel, ticagrelor), might be useful in
improving periprocedural outcomes of patients undergoing
extensive coronary revascularization procedures is to be
investigated in specifically designed studies. Third, the tim-
ing of assessment might significantly influence the results of
platelet function tests. For instance, if measured in the first
hours following PCI, platelet reactivity might be overesti-
mated as still influenced by the procedure. This might be of
particular importance when trying to link residual platelet
reactivity assessed post-PCI with future clinical outcomes.
The “Gauging Responsiveness with A VerifyNow assay—
Impact on Thrombosis And Safety” (GRAVITAS) trial
aimed at demonstrating that in PCI patients with high plate-
let reactivity, the use of high-dose clopidogrel compared
with standard dose could improve clinical outcomes at
follow-up [49]. Disappointingly, this study failed to demon-
strate any benefit from a tailored antiplatelet strategy. How-
ever, the fact that platelet reactivity was measured 12 to 24 h
post-PCI might have accounted for an improper patient
selection. In fact, some of the patients identified as having
high platelet reactivity could have been differently classified
if platelet function had been assessed before PCI or after a
sufficient interval postprocedure. Nevertheless, the timing

of platelet function testing is not the only determinant of the
negative results of the GRAVITAS trial, where only low-to-
intermediate risk patients were enrolled, and recording
therefore a number of adverse events is probably not
sufficient to show any meaningful differences between
different antiplatelet strategies. Similar negative results
have been recently achieved by the Assessment by a
Double Randomization of a Conventional Antiplatelet
Strategy versus a Monitoring-Guided Strategy for Drug-
Eluting Stent Implantation and of Treatment Interruption
versus Continuation One Year after Stenting study [50],
confirming the lack of benefit from platelet function mon-
itoring and treatment adjustment after coronary stenting,
as compared with standard antiplatelet therapy without
monitoring.

Conclusions

A network of interactions exists between platelets, inflam-
matory, and endothelial cells. Platelets actively participate in
the early phases of endothelial dysfunction, which is the
initial step of atherogenesis and plaque formation, and they
are the mediators of the thrombotic complications that
represent the most detrimental manifestations of coronary
atherosclerosis. The role of platelets and of their interac-
tion with vessel wall is even more important in patients
treated with PCI, where mechanical stimuli directly in-
duce vascular injury and cell activation. All these factors
should be taken into account when choosing the appro-
priate antiplatelet treatment, in order to overcome the
transient or persistent increase in platelet reactivity con-
sequent to their interaction with vessel wall. Tailored
strategies based on the extent of coronary atherosclerosis
and on the type of intravascular procedures should be
tested in future clinical trials.
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