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Abstract: Dual antiplatelet therapy, with aspirin plus a P2Y12 inhibitor agent, remains the cornerstone

treatment after percutaneous coronary intervention. However, significant proportion of patients did

experience recurrent ischemic events on aspirin plus clopidogrel and the concept of non-response to P2Y12

inhibitor emerged. Evaluation of platelet reactivity has known a promising era aiming to improve platelet

inhibition conferred by clopidogrel. Then, the development of more potent antiplatelet agents (i.e., prasugrel

and ticagrelor) shifted the concern to excessive platelet inhibition and increased risk of bleeding. Therefore,

personalized antiplatelet therapy according to platelet function testing has been tested in several randomized

trials for both escalation and de-escalation of antiplatelet regimen. This review aims to report the evidence

from randomized trials in this field and upcoming roles for platelet function testing.
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Introduction

Oral antiplatelet therapy including aspirin and P2Y12
inhibitors are widely used with proven benefit for the
prevention of recurrent ischemic events after acute
coronary syndrome (ACS) and percutaneous coronary
intervention (PCI) for stable angina (1,2). Current
guidelines recommend the use of dual antiplatelet
therapy (DAPT) since Clopidogrel in Unstable Angina
to Prevent Recurrent Events (CURE) results in 2001
(3-5). Clopidogrel has been considered as the gold standard
therapy (1,2) before newer P2Y12 blockers (i.e., prasugrel
and ticagrelor) demonstrated their clinical benefit in large
randomized controlled trials (6,7). Both drugs have proved
significant reduction of ischemic events after ACS and
an increased hazard of bleeding. Those three antiplatelet
agents act as platelet aggregation inhibitor by targeting the
P2Y12 platelet receptor. Adenosine diphosphate (ADP)—
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mediated activation of platelet P2Y12 receptor represents
a critical pathway, that results in arterial thrombosis and
leads to tissue anoxia and inflammatory response. Binding
of ADP to P2Y12 receptor amplifies platelet activation
and aggregation and also increases granule secretion and
platelet procoagulant activity (8,9). Therefore, the potency
of P2Y12 inhibitor biological effect can be evaluated by
platelet function testing (PFT) (10,11).

Variability of response to antiplatelet drugs: the
emergence of platelet testing

Following ACS, in spite of DAPT with aspirin and
clopidogrel, up to 15% of patients experienced recurrent
ischemic events (1,2). Low response to clopidogrel has
been proposed as one of the responsible factors. Indeed,
many biological studies showed a broad interindividual
variability of clopidogrel response assessed by PFT (12-14).
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Clopidogrel is an inactive prodrug that is converted into its
active form by several cytochrome P450 enzymes (CYP).
Variations in CYP activity contribute to insufficient active
metabolite generation, leading to resistance. Common
loss of function polymorphisms of CYP2C19 have been
associated with biological reduction of drug potency and
with worse outcomes (15). Carriers of the CYP2C19*2 allele
have a 2.4 times higher cardiovascular event rate compared
with non-carriers (16,17). On the other hand, carriers
of CYP2C19%17 allele have excessive platelet inhibition
on thienopyridines and develop more often bleeding
complications (18-22). Additionally, various clinical and
environmental factors can influence clopidogrel metabolism
and modulate its biological effect, including diabetes, age,
smoking, weight and drug interactions (23,24). This highly
variable metabolism explain the high rates of high on
treatment platelet reactivity (HTPR) (up to 40%) observed
on clopidogrel treated patients after an ACS (12-15).

A consensus document defined HTPR according to
platelet function assessment (25). Several PFT are available
and have been evaluated (25). Nowadays, the most widely
used assays (VerifyNow P2Y12 assay, vasodilator stimulated
phosphoprotein phosphorylation (VASP) assay and
Multiplate analyzer) have overcome many of the technical
and methodological limitations of previous assays and are
the first choice in clinical practice. Based on those tests,
HTPR defines insufficient platelet inhibition while, low
on treatment platelet reactivity (LTPR) corresponds to an
excessive platelet inhibition (18-22,25,26).

Both status has been associated with clinical outcomes
in both post ACS and post PCI patients: HTPR has been
repetitively associated with higher incidence of ischemic
recurrence (15,27,28), while LTPR is correlated to the
occurrence of bleeding events on DAPT (20-22). Indeed,
evidence from multiple studies involving over 20,000
patients demonstrated a strong association between
biological resistance to clopidogrel (HTPR) and post-PCI
ischemic events, especially stent thrombosis (ST) in the
setting of ACS (28-30). In the large Assessment of Dual
Antiplatelet Therapy with Drug-Eluting Stents (ADAPT-
DES) trial, HTPR was independently associated with ST
and myocardial infarction (MI) [hazard ratio (HR) 2.49,
95% confidence interval (95% CI) 1.43-4.31, P=0.001;
HR 1.42, 95% CI, 1.09-1.86, P=0.01, respectively] (30).
Moreover, HTPR have a 1.5-fold higher risk for mortality
compared with those with optimal platelet reactivity
following PCI (31). Therefore, resistance to clopidogrel
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after an ACS has been identified as a risk factor for
recurrent cardiac events. Whether HTPR is a marker of
higher risk or a potentially modifiable risk factor for adverse
events remained unanswered and randomized clinical trials
were needed to test this hypothesis.

Meanwhile, newer P2Y12 blockers have been developed.
Prasugrel induces a more predictable response than
clopidogrel due to less competing metabolic pathway
to inactive metabolites, less drug-drug interaction and
CYP2C19 genetic effect (6,18,32). Ticagrelor is a direct
and reversible antiplatelet P2Y12 receptor blocker,
which does not need activation metabolism (7,33,34).
Both are characterized by a stronger platelet inhibition
and superiority on clinical outcomes in comparison with
clopidogrel (32,34). The Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition
with Prasugrel-Thrombolysis in Myocardial Infarction 38
(TRITON-TIMI 38) randomized 13,608 ACS patients to
prasugrel or standard dose clopidogrel, and showed that
prasugrel was associated with significantly reduced rates of
ischemic events, including ST, but with an increased risk of
major bleeding (6). In a sub-study of the TRITON study,
two PFT were performed: VASP assay and LTA. Mean
VASP was significantly lower in prasugrel-treated subjects
than in clopidogrel-treated subjects at both 1 and 2 h post
loading dose (LD) (51.8£5.1 vs. 78.8+2.5, P=0.001) and
during maintenance phase (30 day) (33.6+2.9 vs. 47.9+2.7,
P=0.001) (32). This study was not powered to correlate
biological findings with clinical outcomes but confirmed
the stronger and more reliable antiplatelet effect of
prasugrel (32). In the randomized PLATO (PLATelet
inhibition and patient Outcomes) study, ticagrelor
also reduced the incidence of the primary end point of
cardiovascular death, myocardial infarction, and stroke
compared with clopidogrel (7). In this study, LTA,
Verifynow P2Y12 assay and VASP were performed in a
dedicated sub-study (34). Platelet reactivity was lower in
the ticagrelor compared with the clopidogrel group, both
before the next maintenance dose (MD) (trough) and
2 to 4 h post-dose (peak). Clopidogrel achieved overall
moderate inhibition of platelet aggregation induced by
ADP, with marked interindividual variation, whereas
ticagrelor achieved marked inhibition by 1 h post-dose with
consistency over time (34).

The stronger platelet inhibition conferred by either
prasugrel or ticagrelor over clopidogrel has been confirmed
in several trials (31,35,36). Of note, a trend in favor of
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more potent inhibition on ticagrelor than on prasugrel was
observed (37).

Evaluation of the benefit of tailored antiplatelet
therapy based on platelet function testing

Recurrence of ischemic events despite a DAPT with
aspirin plus clopidogrel led to platelet testing development
and routine assessment of clopidogrel response in many
centers. Those testing identified various factors implicated
in poor antiplatelet inhibition on clopidogrel, which is
frequently observed after ACS. Newer P2Y12 blockers
have been developed and their superiority over clopidogrel
is at least partially related to stronger and faster platelet
inhibition. A strong relation between inappropriate platelet
inhibition (HTPR or LTPR) and higher risk of events has
been proved. Therefore, randomized clinical trials have
been designed to adjust the value of antiplatelet regimen
based on antiplatelet drugs monitoring. Strategies to
target a therapeutic window for antiplatelet therapy, with
intermediate degree of platelet inhibition (non-HTPR and
non-LTPR), that would allow prevention of both ischemic
and bleeding events, have been developed (38,39).

The Gauging Responsiveness with a VerifyNow assay,
Impact on Thrombosis and Safety (GRAVITAS) study, was
the first randomized trial to assess high-dose clopidogrel in
patients with HTPR (40). Patients with 12 to 24 hours post-
PCI HTPR using the VerifyNow™ assay, were randomized
to either high-dose (LD of 600 mg followed by 150 mg) or
standard dose (placebo LD followed by 75 mg) clopidogrel.
Of note, stable angina was the indication for PCI in 60% of
cases. Out of 5,429 patients, 2,214 (40.8%) were defined as
HTPR. Compared with standard-dose clopidogrel, high-
dose clopidogrel provided a 22% absolute reduction in the
rate of HTPR at 30 days (P<0.001) and 24% at 6 months.
At 6 months, the primary end point [cardiovascular (CV)
death, non-fatal MI and ST] had occurred in 25 of 1,109
patients (2.3%) receiving high-dose clopidogrel compared
with 25 of 1,105 patients (2.3%) receiving standard-dose
clopidogrel (HR 1.01; 95% CI, 0.58-1.76; P=0.97). The
low event rates and modest sample size reduced the power
of the study to identify statistically significant differences
on clinical outcomes. The relative benefit of high-dose
clopidogrel may also have been diluted by the decrease
in the frequency of HTPR in both randomized groups
over the initial 30 days after PCI. HTPR measured 12 to
24 hours after PCI resolved at the 30-day follow-up in
38% of the patients randomly assigned to standard-dose
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clopidogrel (40).

The Testing Platelet Reactivity In Patients Undergoing
Elective Stent Placement on Clopidogrel to Guide
Alternative Therapy With Prasugrel (TRIGGER PCI)
study aimed to randomize elective-PCI patients with HTPR
on clopidogrel to prasugrel or continuation of standard dose
of clopidogrel (41). In this study, HTPR was defined using
the VerifyNow™ assay. After screening 3,525 patients,
423 patients with HPR on clopidogrel were randomized.
Finally, 273 patents completed the study, which was
stopped prematurely. A substantial decrease in PRU in the
prasugrel arm (P<0.001), but only a small, albeit statistically
significant (P=0.001), decrease in the clopidogrel arm. No
difference was shown in terms of clinical outcomes with
only 1 primary efficacy endpoint and 4 bleeding.

The premature termination of this study does not
allow any conclusion regarding the benefit of switching to
prasugrel the patients defined HTPR on clopidogrel.

Main limitations of both GRAVITAS and TRIGGER
were inclusion of very low risk population (mainly elective
PCI) and adjustment of antiplatelet strategy after PCI,
likely missing the high-risk period for periprocedural MI
and acute ST (40,41). Therefore, the ARCTIC study has
been designed, including ACS patients with pre-PCI PFT-
based treatment adjustment.

Indeed, 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 (ARCTIC) trial aimed to evaluate a
randomized strategy of adjusted treatment based on platelet
function monitoring in patients with a poor response
to aspirin, thienopyridine (clopidogrel or prasugrel), or
both, as compared with a conventional approach in which
similar treatment was given, without platelet-function
assessment (42). In the monitoring arm, platelet function
was monitored using the VerifyNow™ both before PCI
and during the maintenance phase (14 days to one month
after PCI). In case of HTPR identification, drug regimen
was intensified by either high dose clopidogrel (600 mg LD
and 150 mg MD) or prasugrel (60 mg LD and 10 mg MD).
Interestingly, at 14 to 30 days visit, patients with LTPR were
switched to clopidogrel if on prasugrel or the dosage of
clopidogrel was decreased to 75 mg if 150 mg. For patients
with adequate biological response (therapeutic window)
no treatment change was made; 2,440 patients were
randomized of whom 1,213 were assigned to monitoring
strategy. An ACS was reported in 27% of the patients.
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At randomization, 34.5% of patients in the monitoring
group showed HTPR with clopidogrel, and had their drug
treatment adjusted. When response to aspirin was tested
before stent implantation, HTPR was rare (7.6%) and led
to the administration of an additional bolus of intravenous
aspirin in four of five patients. In the monitoring group, at
the time of discharge, 9.3% of patients were being treated
with prasugrel, 47.8% of those who were being treated with
clopidogrel were receiving a MD of 150 mg or more, and
37.1% of those who were being treated with aspirin were
receiving a dose higher than recommended (>100 mg).
At follow up visit, there was a reduction of approximately
50% in the percentage of patients who had a poor response
to P2Y12 inhibitors (15.6% wvs. 34.5% at the time of the
procedure; P<0.001). At 1 year of follow-up, the primary
end point (death, MI, ST, urgent revascularization, stroke)
had occurred in 34.6% of patients in the monitoring
group and 31.1% of those in the conventional treatment
group (P=0.10). In this trial, the biological effectiveness
of antiplatelet adjustment did not translate in improved
outcomes (42).

Those three studies, testing benefit of tailored therapy
based on PFT, were mainly focused on prevention of
ischemic events by optimizing platelet inhibition in “so-
called” low-responders. Therefore, the Platelet function
monitoring to adjust antiplatelet therapy in elderly patients
stented for an acute coronary syndrome (ANTARCTIC)
study has been designed to assess in a high-risk population
(ACS patients >75-year-old) the value of de-escalating
P2Y12 inhibition based on PFT on the bleeding risk
compared to standard approach without PFT (43).
This study included 877 patients who were randomized
to prasugrel 5 mg daily with a potential dose or drug
adjustment in case of inadequate response (monitoring
group) or prasugrel 5 mg daily with no monitoring
or treatment adjustment (conventional group). PFT
(VerifyNow™) was done 14 days after randomization and
repeated 14 days after treatment adjustment in patients in
the monitoring group. When the second test was done 66%
of the patients had reached the prespecified target of platelet
inhibition. 39% of the patients had been switched from
prasugrel to clopidogrel for LTPR. Prasugrel 5 mg was up-
adjusted to 10 mg in only 4% of patients with HTPR. 55%
patients in the monitoring group remained on prasugrel
5 mg. The primary endpoint (CV death, MI, stroke, ST,
urgent revascularization, bleeding BARC >2) occurred in
120 (28%) patients in the monitoring group compared with
123 (28%) patients in the conventional group (HR 1.003,

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

Deharo and Cuisset. monitoring platelet function

95% CI, 0.78-1.29; P=0.98). Rates of bleeding and ischemic
events did not differ significantly between groups.

Taken together, those results do not support a routine
use of PFT-guided adaptation of thienopyridine treatment
after an ACS to target a therapeutic window of platelet
inhibition, as compared to standard antiplatelet therapy
without monitoring (7ible T). Adjusting antiplatelet regimen
according to PFT did improve the biological effectiveness
of P2Y12 blocker, while it did not translate into clinical
benefit.

Following those results European guidelines recommend
newer P2Y12 blocker in first intention after an ACS,
while clopidogrel is reserved to contra indication to those
treatment based on clinical judgment and not PFT (IA).
Indeed, routine PFT to adjust antiplatelet therapy before or
after elective stenting is not recommended (class IIIA) (3).

Residual and innovative roles of platelet function
testing: PFT is still alive!

Since platelet reactivity is higher in the early phases of
ACS and generally decreases quickly within days (40),
strategies based on strong antiplatelet treatment in the
acute phase of ACS followed by a de-escalation to less
potent antiplatelet drug in the maintenance phase have
been evaluated in recent studies. This hypothesis is also
supported by post hoc analysis of PLATO and TRITON-
TIMI 38 where arguments for a greatest ischemic benefit
of potent antiplatelet drugs over the less potent clopidogrel
occur early, while bleeding events arise mostly during the
maintenance phase (44,45).

Testing Responsiveness to Platelet Inhibition on
Chronic Antiplatelet Treatment for Acute Coronary
Syndromes (TROPICAL-ACS) study has been recently
published (46). In this study, 2,619 patients with PCI for
ACS were randomized to either standard treatment with
prasugrel for 12 months (1,306 patients, control group)
or a stepdown regimen (1 week prasugrel followed by
1 week clopidogrel and platelet function-guided
maintenance therapy with clopidogrel or prasugrel from
day 14 after hospital discharge; 1,304 patients, guided de-
escalation group). In this de-escalation group, patients with
HTPR were switched back to prasugrel (39%), while in
the absence of HTPR they were maintained on clopidogrel
for 1 year. At 1 year, the combined primary endpoint (CV
death, MI, stroke, bleeding BARC >2) occurred in 95
patients (7%) in the guided de-escalation group and in
118 patients (9%) in the control group (P non-inferiority
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=0.0004; HR 0.81; 95% CI, 0.62-1.06, P superiority
=0.12). The ischaemic components of the primary endpoint
occurred in 32 patients (3%) in the guided de-escalation
group and in 42 patients (3%) in the control group (HR
0.77 95% CI, 0.48-1.21; P=0.25), indicating that early de-
escalation did not result in an increased risk of ischemic
events (P non-inferiority =0.0115). The incidence of the
key secondary endpoint of BARC 2 or higher bleedings was
5% (64 events) in the guided de-escalation group versus 6%
(79 events) in the control group (HR 0.82; 95% CI, 0.59-
1.13; P=0.23).

The timing of platelet inhibition after acute coronary
syndrome (T'OPIC) study is a monocentric trial randomizing
patients one month after a stented ACS to either continuation
of DAPT with aspirin plus newer P2Y12 blocker, or de-
escalation to aspirin plus clopidogrel (47). The main study
results showed that the de-escalation strategy did reduce the
incidence of bleeding BARC >2 (4.0% vs. 14.9%, HR 0.30;
95% CI, 0.18-0.50, P<0.01) while the ischemic events (9.3 %
vs. 11.5%, HR 0.80; 95% CI, 0.50-1.29, P=0.36) were not
different between the two groups. All patients underwent
a PFT using VASP assay at randomization (48). At this
time, 47% of the patients were classified as LI'PR on newer
P2Y12 blocker. Patients defined as LT'PR and randomized
to unchanged DAPT were at highest risk of primary
endpoint (CV death, stroke, urgent revascularisation,
bleeding BARC >2) occurrence (P<0.01). Conversely, in
de-escalation arm, initially CT'PR patients had no significant
difference in primary outcome incidence compared with
no LTPR patients (HR 0.78; 95% CI, 0.40-1.49, P=0.45).
De-escalation strategy was associated with important
reduction in primary endpoint incidence in LTPR
patients (HR 0.29; 95% CI, 0.17-0.51, P<0.01), and only
numerically lower incidence in no LTPR (HR 0.79; 95%
CI, 0.46-1.35, P=0.39). Those result support the fact that
patients defined as LTPR on newer P2Y12 blockers are at
higher risk of events after an ACS and mainly increased
bleeding risk with benefit of a de-escalation strategy to
clopidogrel was greater in this cohort (48).

Opverall, TROPICAL ACS and TOPIC showed that de-
escalation from newer P2Y12 blocker to clopidogrel after
an ACS may be guided by platelet function and is feasible
without any excess in terms of ischemic or bleeding events.
After an ACS, de-escalation could be used for several
reasons, whatever medical or socio economic. This should
take into account clinical factors and could be guided by
PFT as an additional argument (49). Most recent guidelines
suggest that an approach of DAPT de-escalation guided by
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PFT may be considered in ACS patients as an alternative to
12 months potent platelet inhibition, especially for patients
deemed unsuitable for maintained potent platelet inhibition
(class IIb level B) (3).

The ischemic and bleeding risks balance is central after
an ACS regarding duration and type of antiplatelet regimen.
Added to several clinical (age, previous bleeding...) and
biological (hemoglobin, creatinine...) factors, platelet
reactivity could still have a place in complex clinical
situations.

Standard treatment should be a newer P2Y12 blocker
after ACS, as recommended by European guidelines (3).
However, DAPT should be adjusted to clinical evaluation.
A possible scenario could be a patient on oral anticoagulant
developing an ACS. Per se those patients are at high risk
of bleeding because of the need for triple therapy and
clopidogrel remains the rule associated with aspirin (3).
However, in case of very high thrombotic risk (i.e., ST
under oral anticoagulation and clopidogrel), identification
of HTPR on clopidogrel could motivate an escalation to
newer P2Y12 blocker. Accordingly, European guidelines
recommend that PFT or genetic testing may be considered
in specific high-risk situations (e.g., history of stent
thrombosis; compliance issue; suspicion of resistance; high
bleeding risk) (class IIb C) (5).

Other utility of PFT could be the assessment of patient
adherence to treatment after an ACS (50). Indeed, patient
adherence remains a major issue with more than 10% of
post ACS patients being non-adherent to DAPT with
direct clinical consequences (51). It has been shown that
antiplatelet resistance to aspirin is very rare in patients
taking their medication and therefore it could be considered
in post ACS patients as a marker of compliance with
potential use during follow up (50). In such situations,
physician could be guided by platelet testing to reinforce
patient education and develop strategies to optimize
compliance (fixed dose combination, low side-effect
molecules...). This strategy tested by our group with aspirin
could be used for drugs providing potent and predictable
platelet inhibition such as newer P2Y12 blockers, while it
would be more challenging with clopidogrel to distinguish
resistance and non-adherence (47,50,52).

Conclusions

In conclusion, the clinical benefit of a tailored antiplatelet
therapy based on platelet function is still unproved. The
efforts to correct HTPR on clopidogrel, based on PFT

Cardiovasc Diagn Ther 2018;8(5):621-629
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after PCI, do not translate in improved outcomes in
randomized studies. However, we learned from use of PFT
that platelet inhibition should be optimized in high risk
patients such as ACS. Accordingly, newer P2Y12 blockers,
providing stronger and predictable platelet inhibition, are
the gold standard therapy after ACS, and therefore limit
the room for testing clopidogrel response in this setting.
However, the side effects observed with prolonged use of
newer P2Y12 blockers, led to emergence of de-escalation
strategy. De-escalation of antiplatelet regimen after an ACS
should take into account several clinical factors and could
be assisted by platelet testing as suggested by recent studies.
Patients with hyper response to newer P2Y12 blockers may
be the ideal candidate for a de-escalation to clopidogrel;
while those with adequate inhibition could remain on same
treatment. Dedicated randomized trials are still needed to
evaluate the potential utility of PFT.
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