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Abstract

Aggregometry and genotyping are methods of platelet function testing, which can be beneficial for high-risk
patients undergoing invasive cardiac procedures. An optimal level of platelet reactivity (PR) should be maintained.
There are discrepancies between individuals and their response to clopidogrel, accounting for the incidence of
poor responders from 5% to 44%. This phenomenon predisposes the patients to increased risk of ischaemic events
and thereby overall poorer clinical outcome. Prasugrel and tricagrelor are newer without genetic correlation to
their action, however associated with increased bleeding risk. Aggregometry methods assess platelet reactivity at
the exact moment of blood sampling. They reflect “phenotype” of the patient and vary after drug administration
or dose change. The most popular tests are Light Transmission Aggregometry, Vasodilator-Stimulated Protein,
VerifyNow, Multiple Electrode Aggregometry and Thrombelastography. There is proven genetic correlation
between some cytochrome enzymes on clopidogrel response. The most widely tested is gene CYP2C19, which pro-
duces the enzyme transforming clopidogrel into an active metabolite. The CYP2C19*2 allele carriers have higher
PR which can result in more thrombotic events. The manuscript shows the most recent evidence behind platelet
function testing. Aggregometry is shown to be beneficial in 5 trials and 1 meta-analysis, while one paper was of
different opinion. Ten studies show a positive clinical effect of genotyping on patients’ outcome, while one does
not support it. The best method of identifying high-risk individuals could be both methods and personalisation of
antiplatelet therapy may decrease adverse ischaemic outcomes (Adv Clin Exp Med 2015, 24, 4, 687-693).
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Inhibition of platelet reactivity (PR) is crucial
in preventing ischemic events in patients undergo-
ing procedures like percutaneous coronary inter-
vention (PCI) or transcatheter aortic valve implan-
tation (TAVI). An optimal level of PR should be
maintained, as too low a PR predisposes patients
to bleeding. Peri-procedural assessment of PR
can be done with various tests. Many studies have
shown that PR-adjusted treatment is beneficial for
patients [1]. Several clinical, genetic, and cellular
factors are responsible for the variability in plate-
let reactivity, for instance; alternative pathways of
platelet activation, patients’ noncompliance, or
drug-drug interactions with different gene poly-
morphisms which account for 15% to 20% of the
variation in pharmacodynamic response [1]. More

and more interest is focused on genotyping to tai-
lor medications before procedure.

The most common pattern of antiplatelet treat-
ment is dual therapy comprised of aspirin and
a P2Y12-adenosine diphosphate (P2Y12-ADP) re-
ceptor antagonist. The most widely used ADP re-
ceptor antagonist is clopidogrel which irreversibly
modifies the structure of the platelet adenosine di-
phosphate (ADP) - receptor named P2Y12, directly
inhibiting the binding of the ligand to the receptor
and stopping ADP-dependent IIb/IIIa glycoprotein
complex activation. Clopidogrel is a pro-drug that
must be converted to an active metabolite by hepat-
ic cytochrome P450 in a 2-step process. Clopidogrel
is first metabolized into 2-oxo-clopidogrel. This in-
termediate metabolite is then hydrolyzed, creating
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a highly unstable active metabolite, which irrevers-
ibly reacts, as a thiol reagent, with the G-protein-
coupled P2Y12 receptor on platelets [2, 3]. Different
correlations between the alleles of the gene encod-
ing the enzyme and the PR have been observed.
High on clopidogrel PR, also called clopidogrel re-
sistance, is a known phenomenon, however the clin-
ical meaning still requires greater body of evidence.
The incidence of poor responders ranges from 5%
to 44% [4]. Clopidogrel is gradually being replaced
by the newer antiplatelet agents prasugrel and ti-
cagrelor. There are more potent, increase clinical
outcome in acute coronary syndrome (ACS) and
are recommended by the ESC guidelines [5].

Whether genetic screening is sufficient to tai-
lor the treatment among PCI and TAVI patients
is still unknown. There are many studies in inva-
sive cardiology investigating individualised phar-
macotherapy, but none that addresses the TAVI
population.

Aggregometry - Types
of Tests and Basic Principles

Light Transmission
Aggregometry

Light Transmission Aggregometry (LTA) is the
method used in diagnosing platelet disorders as
well as in measuring platelet reactivity after ad-
ministration of drugs such as clopidogrel or aspi-
rin. The samples are either platelet-poor plasma or
whole blood. Different types of agonists are used to
activate platelet aggregation, one of which is ADP.
In LTA, the sample is placed in a cuvette between
the light source and photocell. Addition of the ag-
onist results in aggregation of the platelets which
then absorb less light, the increase in light trans-
mittance is detected. Results can be expressed as
platelet aggregation percentage or by shape chang-
es in curves representing platelet reactivity. Ag-
gregometers performing LTA are offered by sev-
eral manufacturers.

The Vasodilator-Stimulated
Protein Description

Activation of P2Y12 (a Gi-coupled receptor)
inhibits adenyl cyclase, resulting in a decrease of
platelet cyclicadenosine monophosphate (cAMP).
This leads to a decreased level of phosphorylated
VASP, which can be measured by flow cytometry
[6]. Platelet reactivity index (PRI) mirrors platelet
reactivity and is inversely correlated with clopido-
grel administration. The platelet reactivity can be
expressed as PRI%, the normal values range from

69 to 100% which were tested among healthy vol-
unteers [7]. This method is also suitable for assess-
ing all anti-P2Y12 drug-induced platelet inhibition.

VerifyNow Description

The VerifyNow P2Y12 (VN-P2Y12) assay
measures platelet aggregation to fibrinogen-coat-
ed beads by detecting light transmission over time.
A blood sample with decreased platelet function
has low light transmittance, whereas normal plate-
let function produces a high signal. Results from the
device are reported as PRU (platelet reactivity unit)
reflecting aggregation and also as % inhibition in-
dex showing platelet response [8]. With administra-
tion of a drug like clopidogrel, we aim for low PRU
results and a high % inhibition index which reflect
a greater platelet aggregation inhibition by the drug.
There is a cut-off value for stating high on-treat-
ment platelet reactivity (HTPR), a PRU of > 240 was
defined for clopidogrel. Drugs which can be tested
with this method include aspirin, plavix, ticlid, ef-
fient, aggrenox, persantine, pletal/cilostazo, and
non-steroidal anti-inflammatory drugs (NSAIDs)
like ibuprofen, diclofenac, indocin, and feldene.

Multiple Electrode
Aggregometry

Multiplate by Roche is a new semi-automated
new device used for the assessment of both ischemic
and bleeding complication as well as the detection
of platelet disorders [9]. Multiplate is distinguished
by best predictivity and standarization with a low
volume of whole blood. The MEA uses impedance
aggregometry method without the need for blood
centrifugation. It can analyze 5 samples with great
sensitivity at the same time, which results in 30 tests
per hour. It is also equipped with dual-sensor which
provides improved quality control for each sample.
A small quantity of blood is placed in disposable cell
with built sensor and stirring bar. Platelets are test-
ed with heparin-induced environment and their ag-
gregation increases the electrical resistance on sen-
sors. The results are presented as aggregation units
and area under the curve of arbitrary units. The up-
per quintile of MEA results was set as the cut-off for
low clopidogrel response in trial performed by Dirk
Sibbing and others and published in Journal of the
American College of Cardiology [10].

Thrombelastography
Description
Thrombelastography (TEG) is a quick, near

patient test, which graphically illustrates the speed,
strength and stability of clot formation. It also tests
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haemostatic function ex vivo, incorporating all
components of coagulation. These features make
this device superior to VerifyNow and the Multiple
Platelet Function analyser. Moreover, short TEG
does not require a clinical laboratory or extensive
sample processing and gives results within 15 min.
However, it must be emphasized that it lacks evi-
dence and standardization, but there is some data
in the literature.

Evidence for Aggregometry

A study conducted by Varenhorst et al. com-
pared the effectiveness of point-of-care (POC) de-
vices assessing platelet P2Y12 inhibition with cur-
rent standard reference methods of treatment. It
compared the measurement of platelet function
by the VN-P2Y12 POC device with P2Y12 func-
tion estimated by the VASP and LTA assays in pa-
tients with stable coronary artery disease. The VN-
-P2Y12 device is easier to operate than the LTA
and VASP techniques. It is a more convenient and
accessible method used on a daily basis. However,
a very high blockade of P2Y12 receptor may not be
reflected in VN-P2Y12, in contrast to more tradi-
tional methods. In addition, the results confirmed
quicker inhibition of platelet activity was achieved
with prasugrel in comparison with clopidogrel [8].

Another study determined the usefulness of
VN-P2Y12 in assessing the antiplatelet effects of
ticagrelor and clopidogrel. The PR was similar in
LTA and VN-P2Y12 devices [11]. LTA remains
a gold standard in assessing platelet activity. How-
ever, it has some limitations; it is time-consuming
and requires a trained technician. The VN-P2Y12
assay is effective in identifying (HTPR), however
it may slightly overestimate the pharmacodynam-
ic difference between clopidogrel and tricagrelor.
Observations also revealed that compared with
clopidogrel, ticagrelor exhibited lower PR after the
initial loading dose [11].

Sambu et al. conducted a trial concerning per-
sonalized antiplatelet therapy (APT) among pa-
tients with stent thrombosis (ST). The response
to aspirin and clopidogrel was assessed with TEG.
The results confirmed substantial hyporesponsive-
ness to APT in patients with ST, which may sug-
gest an increased prothrombotic tendency in this
group. An individually-tailored therapy may im-
prove outcome in this group [12].

One randomized trial performed in France,
compared peri-procedural platelet reactivity mon-
itoring with standard prasugrel therapy in patients
undergoing PCI. Peri-procedural PR inhibition
is crucial, as most early stent thrombosis occur
within the first days after the procedure. The PR
was measured by the VASP index and the results

revealed PR monitoring was superior to prasugrel
therapy in reducing the rate of HTPR. In addition,
this strategy lessened the number of patients pre-
disposed to bleeds due to low PR. Patients in the
clopidogrel loading dose-adjustment group were
more frequently within the predefined biological
window of PR ranges as opposed to those in the
prasugrel group (83 vs. 33.8%, p < 0.0001). This tri-
al confirms the superiority of platelet aggregation
monitoring in administering medications [13].

A similar study was done by Price et al. who
tested PR with a VN-P2Y12 in patients after PCL
The findings from 2796 patients showed that on-
treatment reactivity with PRU lower than 208 car-
ried a lower risk of the primary end point at 60 days
(hazard ratio (HR) = 0.23; 95% confidence interval
(CI) = 0.05-0.98; p = 0.047) and also at 6 months
(adjusted hazard ratio = 0.54; 95% confidence in-
terval = 0.28-1.04; p = 0.065). The results show the
effectiveness of platelet function testing in patients
undergoing PCI [14].

Due to controversial results of several random-
ized trials, Aradi et al. conducted a meta-analysis
on the efficiency and safety of intensified antiplate-
let therapy (repeated loading or elevated mainte-
nance doses of clopidogrel, prasugrel or glyco-
protein IIb/IIIa inhibitor) on the basis of platelet
reactivity testing versus standard clopidogrel dos-
ing in PCI-treated patients with HTPR. The results
of 10 clinical trials revealed that intensified treat-
ment considerably reduced cardiovascular mortal-
ity, stent thrombosis and myocardial infarction.
However, no difference was apparent in terms of
major bleeding events. Overall, the benefit of the
intensified treatment was meaningful for patients
at high risk of ST, while disappeared in low-risk in-
dividuals. The authors of the article also stated that
the aggregometry approach is also more economi-
cal due to the high costs of administering new-gen-
eration ADP receptor antagonists [15].

Some authors, however, do not support PR
adjusted treatment. One such study was the ARC-
TIC [16]. 2440 randomised patients undergoing
PCI were tested. Among the monitored group,
VerifyNowP2Y12 and aspirin point-of-care assays
were done and those patients with HTPR were ad-
ministered an additional dose of clopidogrel, pra-
sugrel, or aspirin along with glycoprotein IIb/
/IIIa inhibitors during the procedure. Results dem-
onstrated that 34.6% patients in the monitored
group reached the primary end point in compar-
ison to 31.1% in the conventionally-treated group
(HR = 1.13; 95% CI = 0.98-1.29; p = 0.10. The
main secondary end point, i.e. stent thrombosis
or any urgent revascularization was noted among
49% of the patients in the monitored group
and 4.6% in the control group (HR = 1.06; 95%
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CI=0.74-1.52; p = 0.77). What is more, there were
no improvements in ischemic outcomes and safety
of the drug adjusted group in comparison with the
conventional group [16].

Genotyping - The Influence
of Gene Profile on Platelet
Reactivity and Clinical
Implications

The enzyme encoded by the CYP2C19 gene
is responsible for clopidogrels’ transformation in-
to an active metabolite. Eighty five percent of the
pro-drug is transformed to an inactive metabolite
by esterase, while the rest is changed into an ac-
tive form by two, CYP-dependent, oxidative steps.
In contrast, prasugrel is oxidized by CYP enzyme
to its active metabolite in a single step, without an
apparent dead-end inactive pathway, which may
be the reason why responsiveness to it is indepen-
dent of genotype as will be presented later [17].
The CYP2C19*2 allele carriers have higher a PR, as
PR inhibition by the drug is insufficient. It can re-
sult in a substantial number of thrombotic events
[18]. Another mechanism which influences the ef-
fectiveness of clopidogrel is a drug-efflux intesti-
nal transporter P-glycoprotein, which acts against
several other drugs as well. There are some studies
showing a genetic association between its function
and the absorption of clopidogrel [19].

It is noteworthy that the carriers of CYP-
2C19*2 allele represent approximately 30% of
the Caucasian population and about 50% in East
Asians. Among carriers, 90% are heterozygotes
and 10% are homozygotes [18].

There is a number of studies regarding the val-
ue of genotyping. Below we recall the most relevant.

In one trial, 10 genes encoding proteins respon-
sible for absorption, metabolism and pharmacody-
namics of clopidogrel were assessed by real time
Polymerase Chain Reaction (PCR) and restriction
fragment length polymorphism (RFLP). The data
confirmed that CYP2C19*2 genetic variation re-
sulted in 4-fold poorer response to the drug. More-
over, CYP2C9*3 was associated with an impaired
effect of the drug. This was the first study that re-
ported the correlation between this allele and a re-
sponse to the medication [19].

Another meta-analysis of 23 studies assessed
the correlation between the loss-of-function CYP-
2C19*2 variant and ischemic outcomes. The results
revealed that the carriers of the CYP2C19*2 allele
had about a 35% higher risk for major adverse car-
diovascular events (MACE) compared to non-car-
riers [18]. This gene variant also correlated with

increased mortality rates. A similar risk of ST was
reported for reduced-function allele carriers and
early drug cessation.

Jean-Sebastien Hulot et al. genotyped 28
healthy male volunteers. Among CYP2C19*2 car-
riers, clopidogrel did not change platelet aggrega-
tion measured with the agonist ADP, while among
*1/*1 subjects there was only 48.9% + 14.9% aggre-
gation in comparison to baseline (p < 0.001). Het-
erozygotes showed platelet aggregation of 71.8%
+ 14.6% (p = 0.22 vs. baseline and p < 0.003 vs.
*1/*1 subjects). VASP phosphorylation methods
revealed similar results. Obtained data also sug-
gested a correlation between the CYP2C19*2 allele
and a decrease in platelet response to the drug [6].

The trial to assess improvement in therapeu-
tic outcomes by optimizing platelet inhibition with
prasugrel — thrombolysis in myocardial infarction
(TRITON-TIMI 38) also tested drug respons-
es based on genetic polymorphisms. It compared
healthy subjects with ACS patients. Among indi-
viduals treated with clopidogrel, CYP2C192* car-
riers had a one third reduction in exposure to the
active metabolite, lowered platelet inhibition, and
a higher occurrence of MACE, including ST com-
pared to non-carriers [20].

The next study, which enrolled 2208 patients
with acute myocardial infarction, also confirmed
that the rate of cardiovascular events among pa-
tients with the CYP2C19 loss-of-function allele
was 3.58 times higher than non-carriers (95%
CI = 1.71-7.51). This fact was especially evident
among PCI-treated individuals [21].

The ELEVATE-TIMI 56 trial published in
2011, examined genotype-tailored clopidogrel dos-
ing and their effect on PR. Doctors tested wheth-
er maintenance doses of up to 300 mg daily can
elevate platelet reactivity in CYP2C19*2 carriers.
Among patients with stable cardiovascular disease,
increasing the dose of clopidogrel to 225 mg daily
in CYP2C19*2 heterozygotes resulted in a similar
PR as the standard 75-mg dose in non-carriers; in
contrast, homozygotes, even on a 300 mg dose did
not reach optimal platelet inhibition [22].

RAPID GENE trial compared for the first time
the use of a novel rapid genotyping test with stan-
dard treatment. The Spartan RX CYP2C19 genetic
device was initially tested in healthy volunteers be-
fore the study began. Twenty three individuals in
either the tested or the standard treatment group
carried at least one CYP2C19*2 allele. None of the
genotyped carriers reached the 234 PRU cut-off
value (set by the authors) at day 7, compared with
30% of patients on standard treatment which ob-
tained those high PRU values. The point-of-care
genetic test has very high sensitivity and specifici-
ty and can be performed by the bedside. Moreover,
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this trial is also the first randomised investigation
of selective use of prasugrel in CYP2C19*2 carri-
ers after PCI, showing that this drug can reduce
HTPR as opposed to clopidogrel. It can indicate
that genetic factors do not influence the effective-
ness of this new generation ADP-receptor antago-
nist [23].

ADP-receptor antagonists like prasugrel pro-
vide a more rapid, potent and less variable P2Y12-
-receptor inhibition. However, the increased risk
of major bleeding with the novel P2Y12-receptor
antagonists cannot be missed [13]. Mega et al. per-
formed a large study of patients with genetic poly-
morphisms and their response to prasugrel. They
examined the association of the genetic variants;
CYP2C19, CYP2C9, CYP2B6, CYP3A5, CYP1A2
with cardiovascular outcomes in ACS patients.
No significant association between the tested al-
leles and cardiovascular events was found, among
healthy individuals or the sick. The data implies
that the CYP2C19*2 allele has a significant impact
on clopidogrel activity, as genetic variants do not
affect outcomes in patients treated with prasugrel.
Among prasugrel-treated people, carriers did not
have a decreased platelet inhibition level compared
with non-carriers [20].

A study performed by Charlotte Grosdidier
et al. genotyped 730 patients taking either clopido-
grel or prasugrel. One month after a procedure, PR
was measured by the VASP method. Data revealed
that prasugrel inhibited platelets better than clop-
idorgel, despite the genotype. Results showed that
more patients taking prasugrel had low on-treat-
ment platelet reactivity and this fact was also asso-
ciated with an elevated bleeding risk [24].

The last publication that we quote in our arti-
cle tried to answer the question why studies of tai-
lored anti-platelet therapy failed so far [25]. De-
spite reducing platelet reactivity, platelet function
monitoring did not reduce the incidence of cardi-
ac ischaemic events. The authors discussed sever-
al important trials like ARCTIC, GRAVITAS and
TRIGGER-PCI, which might partly have led to
negative results. For instance, high-risk patients
were excluded and randomization was performed
a few hours after PCI. Markedly more patients
with HTPR were switched to a higher dose of clop-
idogrel instead of prasugrel and the primary end-
points were too general. Also, use of a broad defi-
nition of myocardial injury might be inappropriate
and consequently explains the results. A much
larger sample size during studies with novel plate-
let inhibitors should be tested to show statistical
differences. HTPR seems to be crucial in the early
phase of PCI; therefore, the test timing and drug or
dose switch should be done before or at the begin-
ning of procedure. Until now it is recommended

to test only patients undergoing high-risk PCI or
with a history of stent [25, 26].

The topic of platelet function is attracting
more and more attention from cardiology experts.
The recommendation for platelet function tests
may become stronger in the upcoming Europe-
an Society of Cardiology (ESC) guidelines; this is
partly supported by the recent expert position pa-
per from the European Heart Journal [5].

According to ESC guidelines on non-ST seg-
ment elevation acute coronary syndromes and on
ST-segment elevation myocardial infarction, pra-
sugrel and tricagrelor are recommended for pa-
tients without contraindications, while clopidogrel
should be administered if these drugs are not avail-
able. However, the American College of Cardiolo-
gy Foundation (ACCE), the American Heart Asso-
ciation (AHA) and the Society for Cardiovascular
Angijography and Intervention (SCAI) recommen-
dations do not prefer novel inhibitors over clopi-
dogrel, as clinical data is still inconclusive. Plate-
let function testing received a class IIb indication
according to 2011 ESC guidelines. Aggregometry
has not shown clinical benefit and is not indicat-
ed to be used routinely. ACCE, AHA and SCAI
2011 guidelines consider function testing among
patients subjected to poor clinical outcome. Test-
ing of PR for aspirin-dose adjustment is not rec-
ommended [5].

Conclusions

In our manuscript we try to summarize the
most recent evidence behind aggregometry and
genotyping of patients on anti-platelet treatment.
In our analysis of studies, 5 trials and 1 meta-anal-
ysis are in favour of assessment of platelet reactiv-
ity with aggregometry methods, while one is not.
As for genotyping, 10 studies show a positive clin-
ical effect on patient outcome, while one does not
support the use of this method in medical practice.
The effective use of clopidogrel may involve geno-
typing or pharmacodynamics monitoring, while
the use of prasugrel avoids this problem, although
it carries a higher risk of bleeding [20].

Genotype is an unchangeable factor that af-
fects platelet activity. An advantage of genotyping
is that the patient does not have to be on a specific
treatment while tested. The best method of identi-
fying high-risk individuals could be both genotyp-
ing and platelet-function testing (phenotype). The
findings indicate that personalisation of antiplate-
let therapy might decrease adverse ischaemic out-
comes [27].

As we can see, an objective conclusion from the
clinical trials cannot be drawn and the results vary.
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Moreover, data concerning the advantages of geno- Undoubtedly, the problem of ischaemic and bleed-

typing patients is still unclear. However, more stud- ing events after PCI are in line with administered

ies show benefits of adjusted treatment based on PR therapy, which could be tailored individually on the

testing by aggregometry methods or genotyping. basis of genotype and platelet reactivity.
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