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Abstract
Introduction: Although platelets have a special relevance in the formation and maintenance of thrombus that occurs after plaque rupture, a consensus has emerged 
that inflammation also plays a decisive role in the pathophysiology of these acute thrombotic events.

Antiplatelet treatment is the “gold standard” for ACS. However, some patients develop recurrent CV events besides the antiplatelet treatment. Different hypothesis 
tried to explain these results, including genetic differences. But recently the relationship between platelet turn-over, a hyper-inflammatory status and prothrombotic 
risk are emerging.

Areas covered: Inflammatory cytokines accelerate platelet daily turn-over and the release of an increased number of fresh immature platelets may not be effectively 
inhibited by the once-a-day administration of antiplatelet drugs. Young platelets appear to participate most actively in the thrombotic process.

Expert opinion: Combination of antiplatelet drugs, more potent antiplatelet and higher doses proved to be not enough to reduce thrombotic events and they have 
increased the bleeding risk. Fragmented low doses of antiplatelet drugs during the day could be an alternative to evaluate according to some evidence.
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Introduction
Platelets are small (1-3 um), circulating anucleated blood cells 

that play a key role in the development of acute coronary syndromes 
and contribute to cerebrovascular events [1]. The usual mechanism 
responsible for the sudden transition from a stable, often clinically 
silent, atherosclerotic disease to a symptomatic life-threatening 
condition is the erosion or disruption of an atherosclerotic lesion that 
will trigger the acute formation of a thrombus [1]. Thrombosis is the 
result of a complex set of interactions between platelets, coagulation 
factors, and the vessel wall. 

Although platelets have a special relevance in the formation and 
maintenance of thrombus that occurs after plaque rupture, a consensus 
has emerged that inflammation also plays a decisive role in the 
pathophysiology of these acute thrombotic events [2]. Inflammation is 
considered essential to the initiation, development, and progression of 
atherosclerosis [3]. 

Inflammatory processes in the atherosclerotic artery (leading to 
macrophage recruitment) are associated with increased blood levels of 
inflammatory cytokines and other acute-phase reactants. The presence 
of several inflammatory biomarkers, most notably high-sensitivity 
C reactive protein (CRP), are considered predictors for coronary 
events [4] and have demonstrated prognostic value in acute coronary 
syndromes [5].

Moreover, multiple studies have shown that a high white blood 
cells (WBC) count is associated with increased mortality rates among 
patients presenting acute coronary syndromes (ACS) [6], in acute 
myocardial infarction (AMI) [7], in patients who undergo percutaneous 
coronary interventions [8] (PCI) and in patients with cerebral ischemia 
or stroke[9].

Interleukin-6, a crucial cytokine for leukocyte and endothelial 
cell activation and the hepatic promoter for CRP generation, [10] in 
addition to more than 40 inflammatory biomarkers have been found to 
be useful for detecting coronary artery disease and prognosis [3]. 

Antiplatelet treatment is the “gold standard” for ACS. However, 
some patients develop recurrent CV events besides the antiplatelet 
treatment [11-13]. Different hypothesis tried to explain this results, 
including genetic differences [14-17] but more recently the relationship 
between platelet turn-over and an hyper-inflammatory status are 
emerging [18-21].

Cross– talk between platelets, endothelium and leuko-
cytes

Interactions between an inflamed/activated endothelium and 
platelets are mediated by the expression of adhesive proteins on the 
endothelium (e.g. P-selectin, ICAM, VCAM) that facilitate platelets 
and endothelium interaction leading to platelet secretion. These events 
perpetuate the inflammatory interactions between platelets, endothelial 
cells, and leukocytes [22].

Activated macrophages, T cells and mast cells, release several types 
of molecules (inflammatory cytokines, proteases, coagulation factors, 
radicals, and vasoactive molecules) facilitating plaque rupture and 
subsequent acute thrombus formation. Two types of proteases have 
been implicated as key players in plaque activation: matrix-metallo-
proteinases (MMPs) and cysteine-proteases. These enzymes, by 
digesting the extracellular matrix, contribute to plaque destabilization 
and ACS manifestations.

However, the most important relationship between platelets and 
inflammation might be the accelerated platelet turn-over that occurs 
during an ACS. In healthy subjects, it is estimated that the total 
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Figure 1a. Effect of ASA with normal platelet turnover.

circulating platelets are replace within 7-10 days. Several pathological 
conditions have been associated with an accelerated platelet turn- over, 
being diabetes, smoking, extensive atherosclerosis and inflammatory 
conditions among them [23]. Inflammatory disorders are commonly 
associated with thrombocytosis. The relationship with inflammatory 
states could be mediated via IL6-induced megakaryocyte proliferation 
through thrombopoyetin [24]. Of interests, presence of increased 
inflammatory biomarkers has been associated to sub-optimal response 
to antiplatelet agents.

The “fiction of the perpetually platelet inactivation”
For long time, it has been considered that a daily aspirin (ASA) 

dose was enough to inhibit platelet aggregation [25]. As platelets 
are anucleated cells, and ASA inhibits cyclo-oxigenase (COX) in 
an irreversibility manner, it has been interpreted that the effect lasts 
through the life-span of the platelet and the recovery of platelet function 
requires the regeneration of new platelets form megakaryocytic cells [26]. 

Studies in healthy subjects have indicated that platelet thromboxane 
(TX) synthesis needs to be blocked to 90% to achieve efficient platelet 
inhibition. Thus, while the daily platelet turn-over is around 10%, 
the blockade of the COX-1 enzyme by once daily ASA seems to be 
enough to offer an adequate platelet aggregation inhibition. However, 
increasing attention has been given to inter-individual variability and/
or non-response to different antiplatelet drugs. 

Henry P, et al. demonstrated in a population of atherosclerotic 
patients chronically treated with aspirin that daily dose of aspirin 
cannot effectively inhibit the platelet thromboxane pathway for the 
24 hours [27]. This reduced response has been related to the presence 
of high levels of inflammatory markers [24] and increased platelet 
turnover [28]. 

Platelet count and mass are highly modulated by thrombopoietin, 
which is activated by IL-6. High levels of thrombopoietin have been 

reported in inflammatory states [29] and within days of an acute 
myocardial infarction [30]. It leads to reactive thrombocytosis and 
elevated platelet count resulting in more recurrent events. High platelet 
numbers have been independently associated with higher mortality 
and MACE in ACS patients [21,31].

Two possible explanations can be hypothesized: 

1. Inflammatory cytokines (e.g. IL-6) capable of stimulating 
thompoietin release will also accelerate platelet daily turn-over 
above 10-20%. The release of an increased number of fresh platelets 
may not be effectively inhibited by the once-a-day administration of 
antiplatelet drugs. Therefore, the non-inhibited platelets may allow 
the recovery of blood reactivity given the number of naïve platelets 
that have no contact with the antiplatelet drug, depending on the 
half-life of the specific antiplatelet agent (the “platelet quantity 
hypothesis”). Figure 1. 

Although the precise mechanism behind the relationship between 
elevated platelet count and adverse outcomes in patients with ACS is 
unknown, a possible explanation is that a higher platelet count directly 
may release immune mediators (including P-selectin, intercellular 
adhesion molecule 2, toll-like receptors, CD40 and CD40 ligand, etc) 
significantly favoring atherosclerosis progression and contributing to 
the formation and stabilization [32]. 

2. The population of circulating platelets is not homogeneous [33], 
immature platelets comprise the youngest component of the 
circulating platelet pool, and appear to participate most actively in 
the thrombotic process [34]. They contain measurable amounts of 
cytosolic messenger ribonucleic acid (mRNA) that is translationally 
active [35]. 

There is concordance between the level of circulating young 
platelets and the proportion of subjects who are hyporesponsive to 
aspirin or clopidogrel, indicating that the presence of young platelets 



Arazi HC (2017) Antiplatelet agents: Is twice a day a better strategy?

 Volume 1(2): 3-8Med Clin Arch, 2017          doi: 10.15761/MCA.1000110

may attenuate the inhibitory effects of these agents [28,33,36] (the 
“platelet quality hypothesis”).

Although this mRNA was at one time considered inconsequential, 
a growing body of evidence indicates the presence of spliceosome 
complexes in these platelets and that activation-dependent splicing 
and translation of pre-mRNA results in the de novo synthesis of 
prothrombotic and proinflammatory proteins [28,35]. Ibrahim et 
al demonstrated that the number of immature platelets could be 
considered a biomarker for MACE risk stratification in patients with 
coronary artery disease [37,38].

Observations supporting the hypothesis and strategies 
trying to sort the problem

Platelet number and immature platelets, probably due to their higher 
reactivity [28], have been shown to be of prognostic value in different 
clinical scenarios such as ST-Elevation Myocardial Infarction [31], non 
STEMI, unstable angina [21] and stable coronary artery disease [36]. 
Moreover, significantly elevated levels of platelet–monocyte aggregates 
have been found in patients with acute myocardial Infarction and 
unstable angina; observation again compatible with a hyper-reactive 
state in both cells [20]. 

These observations strongly suggest the notion that identification 
and quantification of platelet–monocyte binding in patients with chest 
pain may provide key early in vivo evidence of vascular injury responses 
and offer opportunities for novel therapeutic intervention strategies in 
the treatment of ACS [15].

On the other hand, recent genetic studies have also associated 
several polymorphism to a reduced response to ASA and clopidogrel 
[15]. Of interest, non-responders individuals have been associated 
with 5-fold greater risk of suffering CV events than those considered 
responders [39].

These two hypothesis previously exposed should be further 
approached in the clinical setting.

The ASA example
The efficacy of aspirin in preventing CVD appears to be lower 

in patients with diabetes mellitus (DM) compared to the general 
population, suggesting a lower clinical response to aspirin treatment 
in this population [40].

Henry, et al. have previously demonstrated a 24-hour time 
dependent aspirin loss of efficacy (ALE). Their study showed a 25% 

time-dependent increase in the so-called “non-responders” from 
the 2 hours to the 24-hours post ASA-administration. This ALE 
was observed mainly in patients with DM, high circulating levels of 
inflammatory markers, and active smokers [27]. Given the low rate of 
non-responders at 2-hours post-administration, it seems plausible to 
rule out any gene polymorphism involvement in the time-dependent 
increase. 

We have previously reported significant variations in platelet 
response to ASA in a group of patients undergoing coronary artery 
bypass grafting (CABG). Prior the surgical procedure, a daily dose of 
ASA 100mg ASA was able to totally abolish Arachidonic Acid-induced 
WBI-aggregation. Surprisingly, after the procedure, all patients 
registered transient increases in platelet reactivity despite receiving 
the same ASA treatment. Up to 28% of post-CABG patients presented 
values of platelet aggregation similar to a group of non-treated healthy 
subjects that served as control group. These alterations that picked at 
seven days post-surgery were normalized one-month after CABG in all 
patients except for two that showed persistent signs of inflammation 
and thrombocytosis.

Reduced platelet inhibition to ASA was significantly associated 
with a daily platelet turnover higher than 10%. An association between 
increased IL6 levels and increased platelet count was also observed [23].

One of the strategies studied to improve the reduced antiplatelet 
effects of ASA was to increase the daily dose; but it has not been 
associated with a better prognosis [41,42].

It may be due to the fact that new platelets are released after the 
metabolization of ASA and they are not inhibited despite increasing 
the once-a-day dose of ASA. 

Di Minno, et al. first suggested that the synthesis and release of 
new platelets into the circulation permits the recovery of thromboxane 
formation as early as 4 hours after aspirin ingestion [43].

The half-life of ASA in plasma is 15 to 20minutes, [44] thus, 
the time aspirin is present in the plasma to interact with circulating 
platelets is around 2 hours. In normal conditions, approximately 10% 
of circulating platelets are replaced daily, and near normal platelet 
aggregation to ASA is already found 48 to 72 hours after the last aspirin 
dosing [26]. The new platelets are able to synthesize thromboxane A2 
(TXA2), and once the new platelets reaches 20% to 30% of all platelet 
count, it triggers aggregation of all the platelets including the older-
acetylated ones, since these platelets remain sensitive to TXA2 even if 

Figure 1b. Increased platelet turn-over and the once-a-day administration of antiplatelet drugs. The release of an increased number of fresh platelets may not be effectively inhibited by 
once-a-day administration of antiplatelet drugs.
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they do not produce it [45]. This recovery could even be reached in 
less than 24 hours in certain pathological conditions characterized 
by an accelerated platelet turnover such as DM, smoking, advanced 
atherosclerotic lesions, and/or inflammatory syndrome [46].

There are two isoforms of enzyme cyclo-oxygenase (COX): 
COX1 and COX2. The antiplatelet effect of aspirin is mediated by 
the irreversible inactivation of COX-1, leading to the prevention of 
thromboxane A2 generation, a potent vasoconstrictor, platelet agonist 
and vascular smooth muscle cell mitogen [47,48]. However ASA is 
also a dose-dependent inhibitor of the prostacyclin production which 
fulfills physiological processes such as protection of the gastric mucosa, 
anti-aggregation and vasodilating effect at endothelial level [49]. 

COX-1 is rapidly resynthesized by nucleated cells; therefore the 
effect of ASA on nucleated cells (vg endothelial cells) lasts only for a 
relatively short time. In contrast, the effect of ASA on anucleate cells 
like platelets lasts for lifetime (7–10 days). 

The COX-2 isoform is expressed in inflammatory states in response 
to oxygen reactive species, endotoxins, cytokines, or growth factors 
and can be found in newly formed platelets [50]. 

Aspirin is 170 times less potent as an inhibitor of the COX-2 enzyme 
compared to COX-1. In consequence, COX-2 requires higher doses of 
aspirin for inhibition and to consequently obtain anti-inflammatory 
effects, higher than 1.2 g. Therefore, low doses of ASA achieve adequate 
antiplatelet effect but a negligible anti-inflammatory effect. Using 
lower doses, it could prevent this imbalance and thus stimulate aspirin 
antiplatelet action and prevents gastrointestinal bleeding. In healthy 
people 95% suppression of platelet COX-1 activity is achieved with 
low-dose ASA (as low as 30 mg) [51,52]. 

From the currently available clinical data, the American College of 
cardiology/American Heart Association guidelines recommend 75 to 
81 mg/d of ASA in the setting of CVD prevention because higher doses 
are not associated with increased event prevention, while increasing 
the bleeding risk. The recommendation in secondary prevention is to 

use aspirin 75 to 100 mg when it is associated with another antiplatelet, 
especially when it is considered for longer than 1 year [53].

Focusing on dosing, Perneby, et al. suggested that aspirin once per 
day might be insufficient in patients with increased platelet turnover 
because of incomplete suppression of platelet function over 24 hours 
[25].

It is hypothesize, that more frequent administration of even lower 
doses of aspirin could decrease ALE [52]. Dillinger, et al. demonstrated 
that the same dose of aspirin given twice per day was more effective than 
when given once a day to diabetic patients with elevated inflammatory 
markers or smoking [54].

We have demonstrated in post-CABG patients that low doses of 
ASA (100 mg) every 8 hours was a better strategy to prevent variations 
in anti-aggregation levels than a single higher daily dose (300 mg daily) 
[55] (Figure 2).

When double antiplatelet treatment became not enough

Following an ACS, there is a substantial risk for recurrent CV events 
despite ASA therapy. The CURE trial [11] showed that the addition 
of clopidogrel to ASA significantly reduces the risk of the composite 
outcome of death from cardiovascular causes, nonfatal myocardial 
infarction or stroke, during one year after an ACS with an increased 
risk of bleeding. Despite these benefits, many patients continued to 
have recurrent atherothrombotic events while receiving standard dual 
antiplatelet therapy. 

More potent platelet inhibitor agents have showed a reduction 
in thrombotic events in subgroups known to have a more potent 
inflammatory state: diabetics and STEMI [12]. In fact, Prasugrel and 
Ticagrelor administration has significantly diminished the incidence 
of non-responders to their therapy [12]. This beneficial effect was 
accompanied by an increase in the rate of bleeding complications. 

The same as ASA happens: after the first hours of contact with 
antiplatelet drugs, new young platelets have no P2Y12 blockade in the 

Figure 1a. Effect of ASA with normal platelet turnover.
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inter-dose phase. Whether the same situation applies to the newer and 
more potent antiplatelet agents is not well delineated yet (Figure 3).

The optimal treatment of patients with NSTEACS must take into 
account the benefits of a more intense antiplatelet therapy with the 
increased risk of bleeding complications after the administration of 
higher doses. It is important to remember the strong association of 
bleeding with both, early and late mortality in NSTE-ACS patients [56]. 

Glycoprotein IIb/IIIa receptor inhibitors were tested trying to 
block another mechanism of activation and aggregation of platelets 
(Figure 4).

In NSTE-ACS early glycoprotein IIb/IIIa inhibitors therapy are 
associated with significant reduction in ischemic events, largely driven 
by recurrence of ischemia or unplanned repeat revascularization, 
compared to a deferred therapy after coronary angiography, a benefit 
which is largely offset by an increased risk of major bleeding with this 
approach. As such, there is no difference in mortality between these 
two strategies (Figures 5 and 6). 

The routine use of upstream GP IIb/IIIa inhibitors should therefore 
be reserved for patients at high ischemic and/or low hemorrhagic 
risk [57]. ESC guidelines recommend the addition of GP IIb/IIIa 

Figure 3. Once a day treatment. P2Y12 inhibitors lasts 2-4 hours. New platelets are “free” to aggregate in the inter-dose interval.

Figure 4. Blockade of platelet aggregation via GpIIbIIIa inhibition.
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receptor inhibitor among patients who are already treated with DAPT 
for high-risk PCI (elevated troponin, visible thrombus) if the risk of 
bleeding is low (IB) [58]. In STEMI, AHA guidelines [59] consider 
that it is reasonable (indication class IIa) to begin treatment with an 
intravenous GP IIb/IIIa receptor antagonist such as abciximab (Level 
of Evidence: A), high-bolus-dose tirofiban2 (Level of Evidence: B), 
or double-bolus eptifibatide 270 (Level of Evidence: B) at the time of 
primary PCI (with or without stenting or clopidogrel pretreatment) in 
selected patients with STEMI who are receiving unfractionated heparin 
(UFH).The adjunctive use of GP IIb/IIIa agents at the time of PCI is 
only recommended in an individual basis for large thrombus burden 
or inadequate P2Y12 receptor antagonist loading.

There appears to be a relation between subgroups with higher 
inflammatory process associated to higher platelet turn-over and the 
patients that have shown benefit with long term infusion of GPIIbIIa 
(diabetics, multivessel disease and STMI). It could be hypothesized that 
when the GPIIbIIIa with long half-life are infused during hours, they 
are more helpful than when we use potent antiplatelet drugs. 

Is Ticagrelor really different?
Ticagrelor, a reversible and direct-acting oral antagonist of the 

P2Y12 platelet receptor, as compared with clopidogrel, significantly 
reduced the rate of death from vascular causes, myocardial infarction, 
or stroke, as compared to clopidogrel. These benefits were attain 
without an increase in major bleeding but with an increase in the rate 
of non–procedure-related bleeding [13].

Different exclusive mechanisms have been proposed to explain the 
prevention of cardiovascular mortality observed with ticagrelor: 

a-Pharmacokinetic 

Unlike clopidogrel and prasugrel, ticagrelor does not require 
metabolic activation for antiplatelet activity. This allows ticagrelor to 

achieve near maximal platelet inhibition (~80%) within 1 hour post-
administration, and to achieve maximal IPA at 2 hours compared while 
clopidogrel requires of 7-8 hours for achieving maximal IPA.

On the other hand, consistent with its noncompetitive and 
reversible pharmacology, the rate of offset with ticagrelor is also 
significantly faster compared with clopidogrel.

b-Pharmacodynamics 

Ticagrelor inhibits the cellular uptake of adenosine, likely by 
inhibition of ENT1 [10]. Because one of the biological effects of 
adenosine is to inhibit the function of platelets [12-14], which express 
A2A receptors (and, to a lesser extent, A2B), ticagrelor inhibits platelet 
function not only by antagonizing P2Y12 but also by increasing the 
levels of adenosine [60].

Ticagrelor does not increase the production of adenosine, 
it inhibits adenosine uptake, and it is interesting to notice that 
adenosine increases in ischemic areas [61]. Adenosine has shown 
several effects that may be beneficial for patients with ACS, including 
cardioprotection, vasodilatation, inflammatory regulation, and platelet 
function inhibition [62].

But it is also possible that twice a day dosing may also play a role the 
benefit observed with Ticagrelor. In subgroups where platelets persist 
activated for long term, longer duration of more-intensive antiplatelet 
therapy studies have suggested a benefit to a longer duration of more-
intensive antiplatelet therapy [63], including a higher net benefit with 
lower twice daily doses [64].

Conclusions
In the last years, we have payed attention to the balance between 

the thrombotic versus hemorrhagic risk. We know that there are 
conditions in which the patients have inappropriate antiplatelet effect 
and it has been related to different genetic, pharmacodynamics and 
pharmacokinetic mechanisms. Different strategies have been tried to 
supply these phenomena: increasing doses, adding antiplatelet drugs 
with different mechanisms of action or changing to new more potent 
antiplatelet drugs. 

However, the thrombotic cardiovascular events persisted elevated 
and we began to see more threatened bleeding. Perhaps the strategy 
should have been focused on what happened to platelets in inflammatory 
states, considering that it has been demonstrated that new reticulated 
platelets appear in blood in a higher than normal daily turn-over and 
they are potentially more “resistant” to antiplatelet drugs: this could 
be the key to try fragmented low doses to avoid the bleeding risk and 
to obtain more stable antiplatelet effect in the 24 hours dose interval.

Expert opinion
Despite intensive antiplatelet treatment, some patients develop 

recurrent coronary and vascular events. We believe that a relationship 
between increased platelet turn-over and a hyper-inflammatory status 
can explain these results. Inflammatory disorders are commonly 
associated with thrombocytosis and the release of an increased number 
of young platelets may not be effectively inhibited by the once-a-day 
administration of antiplatelet drugs. 

Inflamed/activated endothelium interacts with platelets by the 
expression of adhesive proteins on the endothelium. Activated 
macrophages, T cells and mast cells, release several types of molecules 
facilitating plaque rupture and subsequent acute thrombus formation, 
leading to platelet aggregation and secretion. These events perpetuate 

Figure 5. Antiplatelet plasma activity of Ticagrelor.

Figure 6. Pharmacodynamics of Ticagrelor.
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the inflammatory interactions between platelets, endothelial cells, and 
leukocytes 

The synthesis and release of new platelets into the circulation 
promotes the recovery of the thrombosis capacity. Aggregation ability 
recovery depends on the half-life of the antiplatelet drug in plasma. 
On the other hand, immature platelets contain measurable amounts 
of cytosolic messenger ribonucleic acid (mRNA) that is translationally 
active and participates most actively in the thrombotic process, 

attenuating the inhibitory effects of these agents. 

We have previously reported significant variations in platelet 
response to aspirin (ASA) in a group of patients undergoing coronary 
artery bypass grafting (CABG). Reduced platelet inhibition to ASA 
was significantly associated with a daily platelet turnover higher than 
10% and we found an association between increased IL6 levels and 
increased platelet count. 

It has been demonstrated that the same dose of aspirin given twice 
per day was more effective than when given once a day to diabetic 
patients with elevated inflammatory markers. We observed that low 
doses of ASA (100 mg) every 8 hours was a better strategy to prevent 
variations in anti-aggregation levels than a single higher daily dose (300 
mg daily) after CABG.

The same as ASA happens with prasugrel and ticagrelor. After 
the first hours of contact with antiplatelet drugs, new young platelets 
have no P2Y12 blockade in the inter-dose phase. In fact, in subgroups 
where platelets persist activated for long term, longer duration of 
more-intensive antiplatelet therapy studies have suggested a benefit 
to a longer duration of more-intensive antiplatelet therapy, including 
a higher net benefit with lower twice daily doses. It is also important 
to evaluate the balance between the benefit of the antithrombotic 
treatment and the bleeding risk.

We consider that the key could be the treatment with fragmented 
low doses of antiplatelet drugs to avoid the bleeding risk and to obtain 
more stable antiplatelet effect in the 24 hours dose interval. Current 
trials are evaluating this hypothesis and we are actively working on it.

Highlights box
•• Recurrent cardiovascular events are frequent despite intense 

antiplatelet treatment.

•• Inflammatory disorders are commonly associated with 
thrombocytosis.

•• The synthesis and release of new immature platelets into the 
circulation are associated with the inter-dose recovery of platelet 
aggregation capacity.

•• Fragmented low doses of antiplatelet drugs can obtain more stable 
antiplatelet effect in the 24 hours dose interval avoiding the bleeding 
risk of higher doses or more potent treatments.
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