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REVIEW ARTICLE

Assessment of Platelet Inhibition by Point-of-Care
Testing in Neuroendovascular Procedures

H.M. Hussein
T. Emiru

A.L. Georgiadis
A.I. Qureshi

SUMMARY: Antiplatelet agents are an important component of the preventive strategies currently
used in clinical practice to minimize the risk of thromboembolic events during and after endovascular
procedures. Because of the variability in the response to antiplatelet agents, measuring the degree of
platelet inhibition may help identify and properly treat poor responders. POC testing is defined as
diagnostic testing at or near the site of patient care. Knowledge of the specifics of these devices
among practicing neurointerventionalists is relatively limited. In this article, the different POC devices
available are presented, and their clinical utility in relation to endovascular procedures is discussed.

ABBREVIATIONS: ADP � adenosine diphosphate; AMP � adenosine monophosphate; ARU �
aspirin reaction unit; BASE � baseline; CADP � collagen/ADP test cartridge; CEPI � collagen/
epinephrine test cartridge; CI � confidence interval; CITF � collagen-induced thrombus formation;
GP IIb/IIIa � glycoprotein IIb/IIIa; LTA � light-transmission aggregometry; PAR � protease-acti-
vated receptors; PAU � platelet aggregation units; PCI � percutaneous coronary intervention;
PHT � platelet hemostasis time; POC � point-of-care; PRU � P2Y12 reaction units

The introduction of foreign bodies into the blood stream,
injury to the vessel wall, and plaque disruption are factors

that lead to platelet activation during endovascular proce-
dures,1,2 as has been shown in multiple studies performed in
patients undergoing coronary or cerebral angioplasty.3,4 An-
gioplasty and stent placement are associated with an increased
risk of thromboembolism.5 Antiplatelet agents are used in
conjunction with anticoagulants to reduce the rate of throm-
botic complications. Figure 1 offers a simplified overview of
the mechanism of action of different antiplatelet agents.

The response to antiplatelet agents is variable. This can
be identified by testing platelet function. Several POC de-
vices are commercially available, which can be used in the
angiographic suite to measure platelet function and possi-
bly modify the antiplatelet dose. These devices differ in the
platelet function/property they test, the end point, the
method of end point detection, and their ability to predict
outcome. In this article, we review the most commonly
used POC devices for measuring platelet function, explain-
ing mechanism of action and potential utility in the neu-
roendovascular practice. The Table summarizes the main
features of the devices discussed in this article.

POC Platelet Function Measuring Devices

Rapid Platelet Function Assay: VerifyNow
VerifyNow (Accumetrics, San Diego, California) (formerly
known as the Ultegra RPFA) is a whole-blood POC device. It is
based on the phenomenon of platelet aggregation as measured
by light transmittance, similar to the LTA test. When a light
beam shines through platelets containing fluid (whole blood

or plasma in the case of VerifyNow and LTA, respectively), it is
scattered by platelets. When there are fewer platelets, light
transmittance increases. In the case of VerifyNow, platelets
aggregate around fibrinogen-coated polystyrene beads, lead-
ing to increased light transmittance. The instrument measures
this change in optical signal intensity caused by aggregation.6

Different platelet agonists are used depending on which assay
is being performed. If platelets are not inhibited, the activation
process will ensue with subsequent platelet aggregation. This
method was initially designed to measure the effects of GP
IIb/IIIa inhibitors,7 but now modified assays are available to
measure the effect of aspirin, clopidogrel, and prasugrel.8

In the VerifyNow aspirin assay, arachidonic acid is the
platelet agonist used. If aspirin has produced the expected an-
tiplatelet effect, inhibiting cyclo-oxygenase, arachidonic acid
will not be converted to thromboxane A2 and platelets will
exhibit minimal aggregation around beads. Results are inter-
preted on the basis of the extent of platelet aggregation re-
ported in ARUs. A preclinical trial conducted by the manufac-
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Fig 1. The process of platelet activation and targets for antiplatelet agents. Platelet
activators are shown with their corresponding receptors on the platelet surface. Antiplate-
let agents are indicated at the point of their mechanism of action. Note the positive
feedback provided by ADP and thrombin released by activated platelets.
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turer suggested that in patients who are on aspirin, a value of
�550 ARU demonstrates an aspirin effect, while a value of
�550 ARU indicates no platelet dysfunction (ie, cyclo-
oxygenase resistance) with 91% sensitivity and 100% specific-
ity.6 However, this cutoff has been challenged by other
studies.9

VerifyNow P2Y12 assay is used to measure the effect of
P2Y12 ADP-receptor inhibitors clopidogrel and prasugrel.10

ADP is used to maximally activate the platelets by binding to
the P2Y1 and P2Y12 platelet receptors. Prostaglandin E1 is
used to suppress the ADP-induced P2Y1-mediated platelet ac-
tivation and, therefore, increase assay sensitivity.11 A second
channel of the device, referred to as baseline channel, assesses
the baseline platelet function by measuring P2Y12-indepen-
dent platelet activation. This is measured by using iso-
thrombin-receptor-activating peptide with PAR4-activating
peptide and fibrinogen-coated beads. The device reports 2 re-
sults for each assay: 1) P2Y12 PRU, indicating the amount of
P2Y12 receptor-mediated aggregation specific to the plate-
let, calculated as a function of the rate and extent of platelet
aggregation in the ADP channel; and 2) the percentage
change from baseline aggregation, which is calculated from
the PRU result and the BASE result as follows: Percentage
Inhibition � (BASE � PRU/BASE) � 100.11

Low PRU (or higher percentage inhibition) indicates high
P2Y12-receptor inhibition and good response to clopidogrel
or prasugrel. Results may be affected by GP IIb/IIIa inhibitor
drugs and cilostazol, but aspirin and other nonsteroidal anti-
inflammatory drugs have no effect. There are no data on pa-
tients with platelet counts of �100,000/mL or inherited plate-
let disorders.12 In a prospective study (n � 147), the reference
range for baseline platelet function by using P2Y12 assay 194 –
418 PRU (mean, 307 PRU), which dropped to 17–100 PRU
(mean, 110 PRU) 24 hours after administration of 450 mg of
clopidogrel and to 23–100 PRU (mean, 37 PRU) after admin-
istration of 75 mg of clopidogrel for at least 7 days. Overall,
clopidogrel therapy resulted in a mean 64 � 25% PRU
reduction.11

VerifyNow GP IIb/IIIa assay uses iso-thrombin-receptor-
activating peptide as an activator. The assay reports patient
results in PAU, which indicate the amount of iso-thrombin-
receptor-activating peptide-mediated activation of GP IIb/
IIIa receptors involved in platelet aggregation. Expected values
are in the range of 0 –330 PAU. In a study, there were no
differences in baseline PAU values between patients with and
without the following medications: aspirin, ticlopidine, clopi-
dogrel, heparin, warfarin, acetaminophen, nonsteroidal anti-
inflammatory drugs, beta blockers, calcium channel blockers,
statins, and nitrates. Assay performance was not affected by
platelet count values between 98,000 and 376,000 platelets per
microliter or hematocrit values between 23% and 45%.13 The
GOLD (from the chemical symbol of gold, AU: ‘Assessing
Ultegra’) study was a prospective observational single-arm
study that enrolled 485 patients undergoing PCI with the
planned use of a GP IIb/IIIa inhibitor. Most patients (84%)
received abciximab. Platelet inhibition was measured serially
after GP IIb/IIIa-inhibitor initiation by using VerifyNow
(then known as Ultegra RPFA). Major adverse cardiac events
(composite of death, myocardial infarction, and urgent target
vessel revascularization) were prospectively monitored, and

the incidence was correlated with the measured level of plate-
let function inhibition. Patients who did not achieve �95%
inhibition 10 minutes after the bolus experienced a signif-
icantly higher incidence of the composite outcome (14%
versus 6%, P � .006). Patients whose platelet function was
�70% inhibited at 8 hours after the start of therapy had a
higher rate of adverse events compared with those �70%
(25% versus 8%, P � .009). By multivariate analysis, platelet
function inhibition �95% at 10 minutes after the start of ther-
apy was associated with a significant decrease in the incidence
of a major adverse cardiac event (odds ratio, 0.46; 95% CI,
0.22– 0.96; P � .04).13

Plateletworks
Plateletworks (Helena Laboratories, Beaumont, Texas; previ-
ously known as ICHOR Plateletworks) is a simple assay that
uses standard cell-counting principles. The ICHOR Hematol-
ogy Analyzer (Helena Laboratories) is the device used to per-
form the assay. The platelet count is performed with a fresh
whole-blood sample that passes through an aperture, thereby
interrupting a constant electrical current and resulting in an
electrical pulse that is amplified and sorted to provide the final
platelet count. Two values are obtained, baseline count and
another count after adding a platelet agonist. In the presence
of an agonist, platelets aggregate; therefore, they exceed the
threshold limitations for platelet size and are no longer
counted as platelets. The difference in the platelet count be-
tween the 2 samples provides a measurement of platelet aggre-
gation and is reported as percentage aggregation per the fol-
lowing equation: Baseline Platelet Count � Agonist Platelet
Count/Baseline Platelet Count � 100.14-16 Currently, 3 assays
are commercially available using 3 different agonists: collagen,
ADP, and arachidonic acid. The arachidonic acid assay is spe-
cifically designed to measure the antiplatelet activity of aspi-
rin, while both the collagen and ADP assays can be used to
measure the antiplatelet effects of GP IIb/IIIa inhibitors, clopi-
dogrel, prasugrel, and ticlopidine.16

On the basis of data collected from healthy volunteers and
patients undergoing PCI and cardiopulmonary bypass, the
package insert of the ADP/collagen Plateletworks assay states
that the correlation with LTA was found to be 0.83 (Pearson
correlation).16 In a recent report, data from 160 patients on
dual antiplatelet therapy undergoing PCI showed that the re-
sults of Plateletworks were strongly correlated with both
“peak” (r � 0.71, P � .0001) and “late” aggregation (r � 0.74,
P � .0001) as measured by LTA. However, the absolute degree
of platelet aggregation was consistently higher when measured
with Plateletworks compared with LTA (71 � 25% versus
61 � 12%, P � .0001). This discrepancy was explained by the
fact that single platelet counting is sensitive to microaggrega-
tion, whereas LTA measures macroaggregation only. The
same study showed that Plateletworks is highly time-depen-
dent. The absolute percentage of aggregation was not signifi-
cantly different at 5 and 10 minutes, but between 10 and 15
minutes, the absolute percentage of aggregation decreased sig-
nificantly from 64 � 6% to 35 � 8%, (P � .0001) in the
patients on dual antiplatelet therapy and from 96% � 1% to
71% � 7% (P � .005) in the healthy volunteers. The overes-
timation at 15 minutes is because of disaggregation of the
formed aggregates.17
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PFA-100
The PFA-100 System (Siemens Healthcare Diagnostics, Deer-
field, Illinois) is designed to simulate hemostasis in a blood
vessel. In disposable test cartridges, anticoagulated whole
blood is aspirated from the sample reservoir through a capil-
lary and an aperture in a platelet agonist�coated membrane,
thereby exposing platelets to high-shear-flow and biochemical
activation simultaneously. The agonists at the membrane trig-
ger platelet adhesion, activation, and aggregate formation at
the aperture. Closure time is the time required to occlude the
central aperture (diameter, 100 �m), resulting in cessation of
blood flow. Closure time depends on different variables, such
as von Willebrand factor levels, platelet count, and hemato-
crit.18-20 The role of von Willebrand factor, in particular, is
important because it is essential for platelet plug formation
under shear stress. In fact, the PFA-100 has been more useful
in screening for von Willebrand disease20,21 and verifying the
effect of desmopressin acetate in presurgical patients22 than it
has been in predicting outcome following PCI or blood loss
after open heart surgery.23

Two test cartridges were developed initially with a mem-
brane coated either with collagen and epinephrine (CEPI)
or collagen and ADP (CADP). Aspirin prolongs the CEPI-
closure time, more than the CADP-closure time.21,24 Ini-
tially, the CADP cartridge was thought to be suitable for
measuring P2Y12-receptor inhibition. However, studies
have shown the CADP to be unsuitable for assessing the
efficacy of clopidogrel therapy,25 especially among patients
with stroke.26 This finding is because collagen-mediated
platelet activation and the residual activation potential of
ADP via the P2Y1 receptor are sufficient to overcome the
effect of P2Y12-receptor blockade.27 Pidcock and Harri-

son27 showed that a secondary addition of MRS 2179, a
P2Y1-receptor antagonist, to a blood sample, already
treated with the P2Y12-receptor antagonist, cangrelor, re-
sulted in significant prolongation of the CADP-closure-
time. This prompted the development of a third cartridge,
the Innovance PFA P2Y (Siemens Healthcare Diagnostics,
Deerfield, Illinois), which was specifically designed for the
purpose of clopidogrel monitoring.18 This device was
found to have a high sensitivity for the detection of P2Y12
receptor blockade but only a limited specificity for a good
response to clopidogrel compared with flow cytometry
analysis of intracellular vasodilator-stimulated phospho-
protein phosphorylation.28

Impact and Impact-R
The cone and plate instruments have been used in studying
physical properties (mainly to measure viscosity) of fluids
since the 1930s. The idea is to trap fluid between a cone with a
very shallow angle and a flat plate. When the cone rotates,
shear is created. The initial cone and plate(let) analyzer device
Impact (DiaMed, Cressier, Switzerland) used the same idea.29

A whole-blood sample is trapped between a Teflon (Dupont,
Wilmington, Delaware) cone and a plate covered with extra-
cellular matrix, known to have thrombogenic properties. The
cone rotation at a speed of 1300/s creates a high shear stress
similar to the arterial environment. The sample is then washed
with phosphate buffered saline, stained, and air-dried. Platelet
adhesion and aggregation on the extracellular matrix are eval-
uated by using an image analyzer. Data are expressed as a
percentage of surface coverage and average size. Surface cov-
erage is a reflection of platelet adhesion while average size re-
flects platelet aggregation. Both of these parameters reach

Characteristics of main POC devices used to measure platelet functions tests

Test/Device Manufacturer Technique Unit Remarks
PFA-100 Siemens Diagnostic

Deerfield, Illinois
Measures time to complete occlusion

an aperture in a capillary-like
membrane under sheer force

Closure time (for all 3
assays)

Three assays vary in platelet agonist:
CEPI assay, CADP assay, and
Innovance. Simulates physiologic
conditions, significantly affected
von Willebrand factor

Platelet Works Helena Laboratories
Beaumont, Texas

Measures platelet count before and
after addition of platelet activating
factor

% Aggregation Time dependent

Impact and
Impact-R

DiaMed, Cressier,
Switzerland

Measures platelet inhibition induced
by shear stress

Surface coverage, average
size

Simulates physiologic conditions,
significantly affected von
Willebrand factor, Impact-R more
suitable for testing antiplatelet
effect

VerifyNow Accumetrics, San
Diego, California

Measures optical signal of light
transmitted through whole blood
which depends on the degree of
platelet aggregation around
fibrinogen coated beads

Aspirin Reaction Units
(Aspirin assay), P2Y12
Reaction Units (P2Y12
assay), Platelet
Aggregation Units (GP
IIb/IIIa assay)

Three assays vary in platelet agonist:
Aspirin assay, P2Y12 assay, and Gp
IIb/IIIa assay. Based on the same
concept of light transmittance as,
and correlates well with LTA

P2Y12 assay: PRUs, GP
IIb/IIIa assay: PAUs

Clot Signature
Analyzer

Xylum Corporation
Scarsdale, New
York

Measures the time for platelets to
occlude holes “punched” in a
blood conduit and collagen-
induced thrombus formation as
blood flows in a channel
containing a collagen fiber

Platelet Hemostasis Time
(bleeding time
equivalent), Clot Time
(ACT equivalent),
Collagen Induced
Thrombus Formation

Assess multiple aspects of hemostasis
under near-physiologic conditions
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maximal values after 2 minutes and are affected by hematocrit
and platelet count. Under low- or high-shear conditions, com-
parable adhesion occurs but the higher shear creates an addi-
tional progressive platelet aggregation.29 In vitro studies dem-
onstrated a dose-dependent inhibition of platelet deposition
with blocking of the GP IIb/IIIa receptor by abciximab or ti-
rofiban and of GP IIb by a recombinant of the von Willebrand
factor fragment, which correlated to the inhibitory effect as
tested by LTA.30 The cone and plate(let) analyer has been used
to assess platelet function in different clinical situations, such
as in patients with diabetes,31 thrombocytopenia,32 von Wil-
lebrand disease,30 and thrombotic thrombocytopenic
purpura.33

Samples subjected to a second run after being transferred
to a new extracellular matrix– coated well demonstrate a de-
crease in the adhesion properties of platelets with associated
microaggregate formation in the suspension. This phenome-
non, called transient adhesion refractoriness, is dependent on
platelet activation during the first run and is prevented by
addition of apyrase (ADP scavenger) or ADP-receptor inhib-
itor, suggesting a role for ADP in mediating this response.34

Exposure to platelet stimulants such as ADP and thrombin-
receptor-activating peptide results in a similar transient adhe-
sion refractoriness; after the second run.34 Transient adhesion
refractoriness was used to modify the cone and plate(let) an-
alyzer test (Impact-R device, DiaMed) and to evaluate the ef-
fect of the antagonists on platelet function.35 This modifica-
tion entailed the incubation of the whole-blood sample with
ADP or arachidonic acid (both of which are platelet agonists
shown to cause transient adhesion refractoriness; for 1 minute
before performing the cone and plate(let) analyzer test. The
effect of arachidonic acid was prevented by aspirin and that of
ADP was reduced by 2-methylthio-AMP, a P2Y12 ADP recep-
tor inhibitor. There was a modest correlation observed be-
tween the modified cone and plate(let) analyzer and ag-
gregometry (R2 � 0.55). Of note, in the absence of platelet
agonists, aspirin did not cause significant change in surface
coverage, while 2-methylthio-AMP reduced platelet deposi-
tion.35 However, the Impact-R ADP test has shown significant
variability in healthy subjects. After administration of a high
clopidogrel loading dose (600 mg), 62% of the patients were
identified as clopidogrel nonresponders as opposed to 24%
and 34% by using LTA and vasodilator-stimulated phospho-
protein phosphorylation analysis, respectively. Head-to-head
comparison with optical aggregometry in 451 patients showed
only a modest correlation between both methods (r � 0.20,
P � .0001).17

Clot Signature Analyzer
CSA (Xylum, Scarsdale, New York) is a global hemostasis
screen for assessing both platelet function and fibrin clot for-
mation under shear stress. The device is composed of a closed
pressurized tubing system in which whole nonanticoagulated
blood is perfused under physiologic flow conditions. Two
holes are punched in the tube, and the resulting drop in pres-
sure is recorded. The PHT (bleeding time equivalent) is the
time required for the holes to be plugged by a platelet and
fibrin clot and is measured by recovery of the pressure. As the
platelet plug propagates and a fibrin clot is formed, the tube
becomes occluded and pressure at the distal end of the tube

falls and is measured as the closure time (activated-clotting-
time equivalent). Whole blood is also passed through another
tube containing collagen fibrils. Platelets adhere to collagen
with subsequent aggregation, release, and fibrin clot forma-
tion. The CITF is the time required for a collagen-induced
thrombus to occlude completely a tube of flowing blood. CITF
is defined as the time to a 50% decrease in pressure.36,37

The effect of GP IIb/IIIa inhibitors was evaluated and com-
pared with LTA in 36 patients undergoing PCI.38 Platelet func-
tion was assessed at baseline and 10 minutes following a clin-
ically recommended dose of 1 of the 3 GP IIb/IIIa inhibitors.
All agents profoundly inhibited shear-induced platelet func-
tion. Prolongation of PHT and CITF was independent of the
agent. Neither PHT nor CITF correlated with LTA measure-
ments. PHT and CITF were prolonged greater than the assay
(ie, �30 minutes, which is the maximum time displayed by the
Clot Signature Analyzer) in all except 7 patients, indicating
that Clot Signature Analyzer lacked sensitivity to discriminate
platelet function under conditions of profound inhibition by
these agents.38

Comparison of Various Platelet Function Tests
There is a definite correlation between 1 platelet function test
and another. However, these results are not identical and are
not interchangeable. A patient who is categorized as having
adequate platelet inhibition by 1 test may not be categorized
the same using another test. It is difficult to compare different
platelet function tests because of their variance and unique
attributes. Agonists of different concentrations, risk of dam-
aging and activating platelets before the test during phlebot-
omy and collection, and temperature variations need to be
standardized before results of platelet inhibition from differ-
ent assays can be compared.39 The commonly used POC
platelet function tests such as Plateletworks, VerifyNow,
and PFA-100 are affected by the variability of platelet
count, platelet response, and platelet-receptor concentra-
tion.40 Some of the tests do not have assays that can measure
platelet inhibition by all antiplatelet agents. The PFA-100 is
also not very sensitive to the antiplatelet effects of
clopidogrel.41

In 1 study, 4 assays measuring clopidogrel-mediated plate-
let inhibition (VerifyNow P2Y12, vasodilator-stimulated
phosphoprotein phosphorylation assay, multiple electrode
aggregometry, and Impact-R) were compared with LTA in 80
patients with peripheral, coronary, carotid, or visceral artery
disease treated with stent placement followed by aspirin and
clopidogrel. The cutoff values were a maximal aggregation of
�62% for LTA, PRUs of �273 for VerifyNow, platelet reac-
tivity index �69% for the phophorylation assay, Assessing
Ultegra �68 for multiple electrode aggregometry, and a sur-
face coverage of �2% for Impact-R. Twenty patients (25%)
had residual ADP-inducible platelet aggregation by LTA cri-
teria despite pretreatment with clopidogrel. All 4 assays corre-
lated significantly with LTA but with a variable degree of cor-
relation strength. VerifyNow revealed the strongest
correlation (r � 0.61), while Impact-R had the weakest corre-
lation (r � 0.33). The rate of discordance (patients meeting
the cutoff value in 1 test but not the other) ranged from 22.5%
(between LTA and VerifyNow) to 32.5% (between LTA and

4 Hussein � AJNR ● � ● 2013 � www.ajnr.org



multiple electrode aggregometry). This study demonstrated
the considerable variability among these 5 tests.42

The study called Do Platelet Function Assays Predict Clin-
ical Outcomes in Clopidogrel-Pretreated Patients Undergoing
Elective PCI (known as POPULAR study), was a prospective
observational single-center study of 1069 consecutive clopi-
dogrel-pretreated patients who underwent elective coronary
stent placement. The primary end point (defined as a compos-
ite of all-cause death, nonfatal acute myocardial infarction,
stent thrombosis, and ischemic stroke) was correlated with
platelet reactivity as measured by LTA and at least 1 of the
following POC devices: VerifyNow, Plateletworks, Impact-R,
and PFA-100. The study found that after 1 year, the primary
end point occurred more frequently in patients with high on-
treatment platelet reactivity as tested by LTA, (11.7% versus
6.0%, P � .001), VerifyNow (13.3% versus 5.7%, P � .001),
and Plateletworks (12.6% versus 6.1%, P � .005).43 Impact-R
and PFA-100 results were not significantly associated with the
primary end point. None of the assay measurements were able
to predict patients with high bleeding risks following PCI.43

Utility of Platelet Function Tests in Patients Undergoing
PCI
Antiplatelet regimens are always used in patients who are un-
dergoing PCI. Typically, the procedure is done under dual-
antiplatelet coverage. GP IIb/IIIa inhibitors are commonly
used as well. However, the most appropriate dosing, treatment
duration, and choice of antiplatelet agents are still a subject of
debate.44,45 Some data support the finding that a poor re-
sponse to antiplatelet treatment detected by POC testing pre-
dicts ischemic complications in patients undergoing PCI. A
study that measured platelet hyper-reactivity by using a PFA-
100 device (a CEPI-closure time test) among 256 patients who
underwent PCI found that the in-stent thrombosis-free sur-
vival for patients with CEPI-closure time � 190 seconds was
lower than that in those who had CEPI � 190 seconds both at
1 month (95.4% versus 99.3%) and at 9 months (83.6% versus
96.4%), suggesting that patients with platelet hyper-reactivity
after PCI are at higher risk for in-stent thrombosis.46

POC devices can help identify patients who are aspirin-
resistant. The VerifyNow device was used to determine aspirin
responsiveness in patients with aspirin use of 80 –325 mg daily
for �1 week scheduled for nonurgent PCI. All patients re-
ceived a 300-mg loading dose of clopidogrel �12 hours before
and a 75-mg maintenance dose in the morning of the PCI. Of
151 patients, 19% were noted to be aspirin-resistant (defined
as ARU � 550). Multivariate analysis revealed aspirin resis-
tance to be an independent predictor of myonecrosis identi-
fied by creatine kinase myocardial band elevation (odds ratio,
2.9; 95% CI, 1.2– 6.9; P � .015).47

However, other studies did not find a correlation between
aspirin resistance and cardiac complications post-PCI.48,49

Clopidogrel resistance as measured by POC devices has
been associated with complications post-PCI in some studies.
In 1 study, 804 patients underwent drug-eluting stent place-
ment after receiving 600 mg of clopidogrel followed by dual
antiplatelet therapy with aspirin and clopidogrel. The
6-month incidence of in-stent thrombosis was higher among
clopidogrel nonresponders (8.6% versus 2.3%, P � .001).50

Another study compared 26 patients who had angiographi-

cally determined in-stent thrombosis with 21 patients who did
not have in-stent thrombosis. The rate of clopidogrel resis-
tance in those with in-stent thrombosis was 40% versus 14%
(P � .02), while the rate of aspirin resistance was not different
between the 2 groups (23% versus 5%, P value nonsignificant)
as assessed by VerifyNow.51 In an attempt to utilize POC de-
vices to individualize antiplatelet therapy following PCI, the
Gauging Responsiveness With a VerifyNow P2Y12 Assay: Im-
pact on Thrombolysis and Safety (GRAVITAS) trial random-
ized patients with high on-treatment platelet reactivity (de-
fined as �230 PRU) to a regimen of high-dose (600 mg
loading dose; 150 mg/d maintenance dose) or standard-dose
(300 mg loading dose; 75 mg/d maintenance dose) of clopi-
dogrel. There was no difference in the rate of occurrence of the
primary end point (6-month incidence of death from cardio-
vascular causes, nonfatal myocardial infarction, or stent
thrombosis) between the 2 groups (hazard ratio, 1.01; 95% CI,
0.58 –1.76; P � .97).52 However, in a subsequent analysis,
when a more stringent cutoff of �208 PRU was selected to
define adequate platelet inhibition, there was a significant as-
sociation with lower cardiovascular events at 60 days (hazard
ratio, 0.23; 95% CI, 0.05 to 0.98; P � .047) and tended to be
associated at 6 months (hazard ratio, 0.54; 95% CI, 0.28 to
1.04; P � .065).53

Recent studies support the concept of global antiplatelet
resistance. A study of 219 patients treated with aspirin and
clopidogrel before PCI found that the rate of low response to
aspirin was 16%; to clopidogrel, 15%; and to both, 9% by
using multiple electrode aggregometry. The highest rate of
myocardial infarction and composite ischemic events at 30
days was seen among patients with low response to both
medications.54

Another study assessed the response to a clopidogrel load-
ing dose among 150 patients undergoing PCI who were cate-
gorized as either aspirin-resistant or aspirin-sensitive. Forty-
seven percent of patients with aspirin resistance were also
clopidogrel-resistant diagnosed using multiple platelet func-
tion tests. The incidence of dual antiplatelet low response was
estimated at 6% in 746 patients with PCI. Patients with dual-
antiplatelet low response were at significantly higher risk of
in-stent thrombosis (hazard ratio, 3.18; P � .027) and the
composite end point of cardiac mortality and in-stent throm-
bosis (hazard ratio, 2.94; P � .022).55

Several approaches have been proposed to manage dual
antiplatelet resistance, including increasing the clopidogrel dose
from 75 to 150 mg daily56 and adding a third antiplatelet agent.
However, there is no consensus on these approaches.57,58

The magnitude of platelet inhibition may also predict the
risk of PCI-associated bleeding complications. Measurement
of platelet inhibition with multiple electrode aggregometry in
2533 patients who received 600 mg of clopidogrel before un-
dergoing PCI demonstrated that the risk of major bleeding
was significantly higher in patients with enhanced response to
clopidogrel (n � 975) compared with the other patients (2.2%
versus 0.8%; adjusted odds ratio, 3.5).59

Utility of Platelet Function Tests in Patients Undergoing
Neuroendovascular Procedures
Few studies addressed the issue of monitoring platelet func-
tion in relation to neuroendovascular procedures. A study
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identified inadequate platelet inhibition (defined as �550
ARU for aspirin and �50% inhibition of the P2Y12/ADP re-
ceptor unit for clopidogrel by using the VerifyNow assay) in
13% of patients who took aspirin versus 66% of patients who
took clopidogrel (P � .0001) among 216 patients who took
aspirin or clopidogrel before their procedures. Inadequate
platelet inhibition by POC testing was more common among
patients who were administered 600 mg of clopidogrel within
6 hours of the procedure than in patients who had taken 300
mg within 24 hours or 75 mg daily for at least 7 days before the
procedure.60

Another study that defined ideal platelet inhibition as
�550 ARU for aspirin and �40% inhibition for clopidogrel by
using VerifyNow included 98 patients. Those patients were
given a 300-mg loading dose of clopidogrel followed by 325
mg of aspirin and 75 mg of clopidogrel daily for 5–10 days
before their procedure. Among them, 2.1% were found to be
poor aspirin responders and 42.9% were poor clopidogrel re-
sponders.61 In this study, all 3 patients who had procedure-
related thrombosis had �20% platelet inhibition.

The use of POC testing has been evaluated in patients
treated with GP IIb/IIIa inhibitors. The Ultegra device was
used to measure platelet activity during intravenous eptifi-
batide infusion during internal carotid artery stent placement.
The mean value of platelet-aggregation inhibition after a first
180-mcg/kg bolus was 91 � 6% (range, 80%–100%), and after
a second 180-mcg/kg bolus, was 96 � 4% (range, 86%–100%).
Although a high degree of inhibition was obtained initially, the
mean inhibition at 1 hour was reduced to 80% despite ongoing
intravenous maintenance administration of 2 mcg/kg/min,
suggesting an early loss of inhibition and a need for monitor-
ing to titrate dosing to individual responses.62

Conclusions
Recognition of the individual variability in inhibition of plate-
let aggregation and the ability to measure such variability with
POC testing may lead to the development of more effective
strategies to reduce thromboembolic events associated with
neuroendovascular procedures. However, a detailed under-
standing of the differences in design, function, and interpre-
tation of the results of those POC tests is essential to ensure
improvement in the care of patients.
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