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Summary










Clopidogrel is recommended as part of dual
antiplatelet therapy (DAT) for clot prevention in
patients with acute coronary syndrome (ACS).
Clopidogrel is a prodrug that requires activation by
CYP2C19 enzymes in the liver. It is expected that
16% to 50% of clopidogrel-treated patients who
have ACS may not fully benefit from the protective
effect of clopidogrel, potentially remaining at an
increased risk of experiencing a major adverse
cardiovascular event (MACE), because loss-offunction (LOF) mutations in the CYP2C19 gene
prevent them from fully metabolizing clopidogrel.1-3
The CYP2C19*2 LOF mutation accounts for 5% to
20% of the variability in response to clopidogrel.4
Compliance, age, gender, body mass index,
diabetes, clopidogrel loading dose, and platelet
count also influence platelet reactivity.4
Point-of-care (POC) genotyping and phenotyping,
using Spartan RX and VerifyNow respectively, are
designed to help guide antiplatelet therapy without
requiring the time, training, and access that is
required for central laboratory testing.5
The Spartan RX genotyping assay identifies
carriers of the LOF mutation CYP2C19*2 within
60 minutes based on a buccal swab. One proof-ofconcept study involving 200 patients shows that
CYP2C19*2 carriers who received prasugrel
instead of clopidogrel after percutaneous coronary
intervention (PCI) had lower on-treatment platelet
reactivity than patients undergoing standard
therapy with clopidogrel.6 However, no definitive
conclusions can be made because of the small
sample size and use of surrogate end points in this
study.6
The VerifyNow phenotyping assay identifies
patients with high on-treatment platelet reactivity
(HPR) who could benefit from using an alternate
clopidogrel dosing strategy or a different
antiplatelet drug to reduce the risk of a MACE.7,8
The association between CYP2C19 genotype and
cardiovascular events is still uncertain. Further
trials are needed to define optimal thresholds for
POC phenotyping. Trials using a combined
genotyping and phenotyping approach are
underway to better define the role of such tests in
guiding antiplatelet therapy in clinical practice.

While not currently approved for use in Canada,
Spartan RX CYP2C19 has regulatory approval in
Europe and is working toward Food and Drug
Administration (FDA) clearance in the United
States.9 VerifyNow is available in more than 70
countries worldwide and was approved for use in
Canada in August 2012.10,11

Background
DAT with acetylsalicylic acid (ASA) and clopidogrel is
recommended to prevent blood clots in patients with ACS
and those undergoing PCI or stenting.12 The prodrug
clopidogrel is activated by the cytochrome P450 enzyme
CYP2C19. Patients with LOF mutations in CYP2C19
achieve lower levels of active drug, less platelet
inhibition, and are at an increased risk of MACEs,
including heart attack, stroke, and death.13,14 Each named
star (*) allele is defined by the genotype at one or more
specific single-nucleotide polymorphisms.2 With the LOF
mutation the CYP2C19*1 allele remains functional, while
the CYP2C19*2 and CYP2C19*3 variants have reduced
enzyme activity, and CYP2C19*17 increases enzyme
activity.2 Approximately 25% to 50% patients with ACS
carry one1 or two copies of the LOF allele CYP2C19*2,
conferring an increased risk of a MACE and stent
thrombosis.2,14,15 A significant increased risk of
experiencing MACEs is found in carriers of one (hazard
ratio [HR] 1.55, 95% CI, 1.11 to 2.27, P = 0.01) and two
(HR 1.75, 95% CI, 1.24 to 2.50, P = 0.002) CYP2C19
LOF alleles.1 Similarly, there is a significantly increased
risk of stent thrombosis in carriers of one (HR 2.67, 95%
CI, 1.69 to 4.22, P < 0.0001) and two (HR 3.97, 95% CI,
1.75 to 9.02, P = 0.001) CYP2C19 LOF alleles.1
Phenotyping using platelet function testing identifies
patients with HPR. In 2010, the United States FDA issued
a boxed warning informing health care professionals to
test for CYP2C19 status and use alternative clopidogrel
dosing strategies or other antiplatelet drugs to treat poor
clopidogrel metabolizers.5 No guidance was provided
regarding the choice of platelet function test to be used or
the management strategy for poor metabolizers.16 POC
CYP2C19 genotyping and phenotyping tests are designed
to help guide antiplatelet therapy, without the time,
training, and access required for central laboratory testing.
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The Technology
The Spartan RX CYP2C19 assay (Spartan Bioscience,
Ottawa, Canada) identifies CYP2C19*2, *3, and *17
genotypes from genomic DNA with a buccal swab
sample.17 POC genotype results, obtained within 60
minutes of testing, are used to guide personalized
DAT.6 According to validity tests, POC genotyping
was 100% concordant with laboratory confirmed
DNA sequencing.6
The VerifyNow (Accumetrics, San Diego, US)
phenotyping test is designed to help monitor
antiplatelet therapy.16 The three-minute POC assay
measures altered light transmission after adding a
known platelet aggregation agonist to a sample of
whole blood. As platelets bind to fibrinogen-coated
beads, they aggregate and precipitate, allowing the
light transmitted through the solution to be measured.
Platelet reactivity is reported as P2Y12 reaction units
(PRUs). Low clopidogrel responsiveness is defined as
> 235 PRUs to 240 PRUs based on studies measuring
MACEs at one year.6,18,19 While VerifyNow results
were strongly correlated with those derived through
standard adenosine diphosphate (ADP)
aggregometry,18 there is evidence to suggest there is a
lack of correlation in patients with stable coronary
artery disease (CAD).20 The specificity of the P2Y12
cartridge has been evaluated in a study investigating
response to clopidogrel therapy in healthy volunteers
and compared with ADP-induced laboratory
aggregometry methods. The percentage platelet
inhibition measured using VerifyNow was 93%, while
that measured using standard ADP aggregometry was
95%. 18

Regulatory Status
Spartan RX CYP2C19 has been submitted for FDA
approval in the United States. The system has
Conformité Européenne (CE) IVD Mark regulatory
approval for Europe and other countries recognizing
the CE Mark, including the Middle East, Africa, Latin
America, and Asia-Pacific regions.9
In August 2012, Health Canada licensed VerifyNow
for clinical use.10 The system is used in more than 800
facilities in the United States and is available in more
than 70 countries worldwide.11

Patient Group
In 2009, approximately 10,000 Canadians were
hospitalized for ACS, classified as ST-segment elevation
myocardial infarction (STEMI), non-ST-segment
elevation myocardial infarction (NSTEMI), or unstable
angina (UA).21 STEMI and NSTEMI patients may
undergo PCI, stenting, bypass grafting, or medical
management.21 While DAT with ASA and clopidogrel is
standard treatment,12 the prevalence of clopidogrel nonresponse ranges from 16% to 50%, depending on the
platelet function test used.3 For the VerifyNow assay, in
seven studies that defined clopidogrel non-response as
greater than 240 PRUs, the prevalence of clopidogrel
non-responders ranged from 12% to 59%.3
Approximately 9% of patients taking clopidogrel go on
to experience a MACE.13 On the other hand, enhanced
clopidogrel response in ultrarapid metabolizers causes
major bleeding in approximately 1.5% of patients.13
Genotyping and phenotyping for CYP2C19 may help to
guide antiplatelet treatment, preventing MACEs and
serious adverse bleeding events.22

Current Practice
Canadian practice guidelines recommend DAT with ASA
and clopidogrel for patients with ACS, but ASA
combined with prasugrel or ticagrelor may be considered
for some groups depending on the clinical presentation.12
The FDA advises health care professionals to test for
CYP2C19 and alter dosing or to use another antiplatelet
drug to minimize MACEs in poor clopidogrel
metabolizers.5 Recent American and European guidelines
recommend genotyping or phenotyping testing if test
results could alter the management strategy.23 Laboratorybased DNA sequencing or TaqMan genotyping is used to
genotype CYP2C19 variants, but results are usually not
ready soon enough for acute patients undergoing PCI
who need to start antiplatelet therapy.24,25 Residual ontreatment platelet reactivity is measured using
aggregometry, platelet counting, vasodilator-stimulated
phosphoprotein (VASP), phosphorylation flow
cytometry, thromboelastography, the cone and platelet
analyzer, and platelet function analyzers.16,25 The various
tests, based on different principles, are sensitive to
different aspects of platelet activation and correlate
poorly with each other.24,26-28 For example, a change in
light transmission is used as a measure of platelet
aggregation using platelet aggregometry; whereas, the
VASP assay measures a cascade of events leading to the
degree of P2Y12 antagonism in the presence of
prostaglandin E1 and ADP.25 Current clinical laboratory
methods are time-consuming, labour-intensive, and
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require technical training.18 In contrast, bedside POC
assays provide rapid results without demanding
sample processing and with reduced training and
access requirements.25 This makes testing for genotype
and phenotype clinically applicable in the context of
ACS. However, there is a lack of consensus on the
optimal method to quantify HPR, the cut-off value
associated with clinical risk, and there are limited data
to support that altering therapy based on platelet
function measurements will improve outcomes.29-32

Methods
Literature Search Strategy
A peer-reviewed literature search was conducted using
the following bibliographic databases: MEDLINE,
PubMed, Embase, The Cochrane Library (2012, Issue
8), ECRI (Health Devices Gold), and the University of
York Centre for Reviews and Dissemination (CRD)
databases. Grey literature (literature that is not
commercially published) was identified by searching
relevant sections of the Grey Matters checklist.33 No
methodological filters were applied. The search was
limited to English language documents published
between January 1, 2007 and August 31, 2012.
Conference abstracts were excluded from the search
results. Regular alerts were established on MEDLINE
and PubMed, and information retrieved through alerts
was current to December 13, 2012.
Selection Criteria
Eligible studies for inclusion in “The Evidence” section
of this report included randomized controlled trials
(RCTs) or systematic reviews of RCTs that evaluated
the performance of either the Spartan RX or the
VerifyNow POC testing devices in patients using
P2Y12 inhibitors (clopidogrel, prasugrel, ticagrelor).

The Evidence
A Canadian prospective, randomized, proof-ofconcept study identified CYP2C19*2 carriers using
Spartan RX CYP219 and assessed personalized DAT
after PCI.6 Two hundred patients undergoing PCI,
with a mean age of 61 years (range 18 to 75 years)
were randomly assigned to POC genotyping or
standard treatment. Carriers received 10 mg of
prasugrel daily while non-carriers and standard care
patients received 75 mg of clopidogrel daily.6 While
the antiplatelet prasugrel requires biotransformation by
carboxylesterases, there are fewer reports of nonresponsiveness. The study reported the proportion of
LOF CYP2C19*2 carriers with HPR (P2Y12 PRUs
> 234) after one week of DAT. Of the 91 Spartan RX

patients, 23 (25%) had one copy of CYP2C19*2
compared with 23 (24%) of 96 patients treated with
standard therapy. Of the individuals carrying a
CYP2C19*2 allele, four (4%) Spartan RX patients and
three (3%) standard care patients carried two alleles.
Compared with direct DNA sequencing, one Spartan RX
patient was incorrectly identified as a carrier.6 None of
the 23 carriers in the Spartan RX group had a PRU
> 234 at seven days, compared with seven (30%) in the
standard therapy group (0.0092). Spartan RX had a
sensitivity of 100% (95% confidence interval [CI]
92.3 to 100) and a specificity of 99.3% (96.3 to 100).6
The authors concluded that POC genetic testing after
PCI can be done at the patient’s bedside, and treatment
of CYP2C19*2 carriers can be altered to use prasugrel,
which reduces HPR.6 The authors stated that this is
clinically important as high-dose clopidogrel and
ticlopidine did not improve cardiovascular outcomes in
patients with HPR in the Gauging Responsiveness with
a VerifyNow Assay — Impact (GRAVITAS) and
Responsiveness to Clopidogrel and Stent Thrombosis
2-ACS (RECLOSE 2-ACS) studies. While results of
this proof-of-concept study suggest the potential for
personalized medicine, no definitive conclusions can be
made because it reports surrogate end points for
200 patients.6 Furthermore, there may be differences in
the validity of CYP2C19 typing and prasugrel efficacy
between Caucasians and East Asians.30,31 Study details
are outlined in Table 1.
A 2012 Japanese meta-analysis investigated whether
HPR, using the VerifyNow assay and CYP2C19
genotype, were associated with a MACE within
12 months of PCI in clopidogrel-treated patients with
cardiovascular disease.7 Eight studies involving
4,817 patients were meta-analyzed to assess the
association between HPR and MACEs.7 The mean
patient age was 65 years, 74% were male, and
4,748 (99%) underwent PCI, while the remainder
underwent coronary artery bypass grafting or medical
management.7 Patients received 75 mg of clopidogrel
and 75 mg to 325 mg of ASA daily.7 Overall, 2,237
(46%) patients had HPR and a significantly higher risk
of experiencing a MACE compared with patients
without HPR (odds ratio [OR] 3.05, 95% CI, 2.33 to
3.98, P < 0.001). The risk of all-cause death (OR 2.00,
95% CI, 1.22 to 3.27), heart attack (OR 3.07, 95% CI,
2.19 to 4.31), and stent thrombosis (OR 3.26, 95% CI,
1.63 to 6.51) in patients with HPR were significantly
higher than those of patients without HPR.7 The authors
state that while publication bias may exist, it probably
does not affect overall results because ORs in largescale studies were consistent. HPR, assessed using
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VerifyNow, is associated with MACEs in clopidogreltreated patients with cardiovascular disease.7
Seven observational studies involving 5,307 patients
were meta-analyzed to assess the association between
the CYP2C19 genotype and MACEs.7 The test used to
determine genotype was not reported. The mean
patient age was 62 years, 74% were male, 1,926 (36%)
had at least one CYP2C19*2 allele and 364 (7%) of all
patients had a MACE.7 The OR of MACEs between
CYP2C19*2 carriers and non-carriers showed
heterogeneity (Cochran’s Q test, P = 0.01, I2 = 57%).
The OR of the seven studies ranged from 0.58 to
16.60.7 This is a limitation of the meta-analysis, as
population heterogeneity may have resulted in
differences of the antiplatelet effect or patient
prognosis across the study population.7 The risk of
stent thrombosis in CYP2C19*2 carriers was
significantly higher than that of non-carriers
(OR 2.65, 95% CI, 1.46 to 4.84).7 While HPR,
assessed using VerifyNow, was associated with
increased all-cause death, myocardial infarction, and
stent thrombosis, CYP2C19*2 carrier status through
genotyping was associated only with an increased risk
of stent thrombosis.7
Similarly, a meta-analysis of individual patient data
demonstrated that HPR, assessed using VerifyNow, is
associated with higher risks of MACEs within two
years of PCI.8 Six studies involving 3,059 patients
showed those in the highest quartile for platelet
reactivity had a higher rate of experiencing a MACE
than those in the lowest quartile (OR 2.62, 95% CI,
1.78 to 3.87).7 In addition, they considered a PRU
value of 230 as the most effective threshold for
predicting a MACE.8 The impact of genotype on
platelet function and clinical outcomes could not be
assessed as genotyping was not performed.8
In contrast, two recently published RCTs found no
independent association between platelet function and
ischemic outcomes in medically treated ACS
patients.34,35 The Targeted Platelet Inhibition to Clarify
the Optimal Strategy to Medically Manage Acute
Coronary Syndromes (TRILOGY ACS) substudy
evaluated MACEs associated with platelet reactivity
among 2,564 patients with ACS who were treated with
clopidogrel or prasugrel.34 At 30 months, no
significant difference was noted between groups as
prasugrel recipients had 160 MACEs, while
clopidogrel recipients had 180 events (P = 0.29).34

The ARCTIC study found no significant improvements in
MACEs with platelet function testing and antiplatelet
treatment adjustment following coronary stenting
compared with standard antiplatelet therapy without
monitoring.35 MACEs occurred in 34% of patients who
were phenotyped compared with 31% of patients who
received standard antiplatelet therapy (HR 1.13, 95% CI,
0.98 to 1.29; P = 0.10).35 Stent thrombosis or urgent
revascularization occurred in 4.9% of phenotyped patients
and 4.6% of standard treated patients (HR 1.06, 95% CI,
0.74 to 1.52; P = 0.77).35 The ARCTIC study authors
concluded that the data does not support routine use of
platelet function testing in patients undergoing coronary
stenting.35
The Agency for Healthcare Research and Quality is
currently conducting a systematic review and metaanalysis to evaluate the association between LOF
CYP2C19 variants and increased risk of MACEs based
on genotypic and phenotypic testing.36
There are currently three ongoing RCTs using the
SPARTAN RX to guide treatment after PCI,37-39 and at
least three RCTs using the VerifyNow phenotyping test
to monitor oral antiplatelet therapy.40-42

Adverse Effects
No clinical adverse ischemic outcomes, such as heart
attack or stroke, were noted in either RCT group at
seven or 30 days following Spartan RX genotyping or
standard care.6 A thrombolysis in myocardial infarction
(TIMI) minor bleed was seen in five (6%) of 91 Spartan
RX patients compared with two (2%) of 96 standard
therapy patients (P = 0.27).6 A TIMI major bleed
occurred in two (2.2%) of Spartan RX patients and one
(1%) standard therapy patient (P = 0.61). One of the
patients in the Spartan RX group who had a TIMI major
bleed was receiving clopidogrel.6
Neither of the meta-analyses evaluating HPR, using
VerifyNow, reported additional adverse events other
than the primary outcomes of interest.7,8 Neither metaanalysis reported any information regarding adverse
events related to testing, such as infection at the
collection site.

Administration and Cost
The Spartan RX CYP219 POC assay is indicated to aid
clinicians in guiding antiplatelet therapy.17 A nurse
acquires a buccal swab from the patient, inserts it into a
cartridge, adds a reaction solution, and genotype results
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are available within 60 minutes.6 According to the
manufacturer, the Spartan RX POC DNA testing
system costs US$15,000 and the test kits cost
US$200 per test.17 The device can be set up in an area
that is close to the patient where it can be started and
run within four minutes of collecting a patient
sample.17 Sample collection kits must be stored
between –80oC and –15oC in a non–frost-free freezer.17
The VerifyNow POC test can be conducted in the
catheterization lab. Approximately 20% of cases likely
undergo testing twice to evaluate a response to a
change in therapy.43 Within an hour of blood
collection, two millilitre samples of whole blood are
anticoagulated with sodium citrate, inserted into a
disposable P2Y12 cartridge containing fibrinogencoated beads, a platelet agonist, a buffer, and
preservative. As agglutination occurs following
stimulation of the platelet agonist, light transmission
through the sample increases and is converted into
PRUs and the per cent inhibition using an algorithm.16
Patients with > 240 PRUs and less than 20% to 30%
inhibition are considered clopidogrel non-responders.
The VerifyNow instrument costs US$8,000 and test
kits cost US$60 per test.44

Concurrent Developments
The Verigene CYP2C19 (CLO+) Nucleic Acid test
(Nanosphere, Northbrook IL) identifies a patient’s
CYP2C19*2 and *3 and *17 genotypes directly from a
whole blood sample in approximately 2.5 hours.16,45
According to validity tests, Verigene POC genotyping
was 100% concordant with TaqMan systems.16
PlaCor PRT (PlaCor Inc., Plymouth, MN) uses blood
from a finger prick to measure platelet reactivity based
on high shear conditions within a disposable cartridge.16
Phenotype results are available in less than 10 minutes
and correlate with whole blood aggregometry.16

Rate of Technology Diffusion
An FDA warning has increased awareness about the
diminished effectiveness of clopidogrel in LOF
CYP2C19 carriers and identified the need for
personalized antiplatelet therapy through genotyping.5,46
While some hospitals initiated CYP2C19 genotyping
and prescribe alternative antiplatelet drugs for
CYP2C19*2 carrying patients undergoing PCI,
prospective randomized trials evaluating patient
outcomes are few.46 One proof-of-concept study
involving 200 patients showed that Spartan RX

genotyping can be performed at the bedside after PCI, and
reported that treatment of identified CYP2C19*2 carriers
with prasugrel reduces HPR, compared to treatment with
clopidogrel.6 The ongoing Genotyping Infarct Patients to
Adjust and Normalize Thienopyridine Treatment
(GIANT study) is expected to determine whether
genotyping-guided antiplatelet selection improves
outcomes for PCI patients.24 The Thrombocyte Activity
Reassessment and GEnoTyping for PCI (TARGET-PCI)
trial combined genotyping and phenotyping to provide
greater certainty to guide and monitor antiplatelet therapy,
but has been stopped based on neutral results.24 Further
studies are needed to validate individual tests and
determine whether genotyping and/or phenotyping for
screening and monitoring will become widely used in
clinical practice.14,16

Implementation Issues
While POC genotyping can be performed at any time
and in the absence of clopidogrel, LOF CYP2C19 alleles
account only for approximately 5% to 12% of observed
variability in responsiveness.16,46 Other genes and factors
such as ABCB-1, PON-1, esterase, diet, smoking, and
proton pump inhibitors may influence the
responsiveness of clopidogrel.16,22In contrast to
phenotyping, the results of genotyping do not vary over
time and they have the potential to guide other types of
drug therapy.46 While there is an association between
CYP2C19 genotype and clopidogrel responsiveness,
there remains uncertainty regarding the association
between genotype and cardiovascular events.47,48
While VerifyNow produces POC phenotype results that
correlate with results obtained using standard laboratory
light transmission aggregometry, without the need for
sample preparation, access, or special training;
hematocrit and platelet count ranges are moderately
reproducible.4,18 Studies assessing the efficacy of POC
assays have shown a good correlation with laboratory
methods, but no single test has been shown to
consistently correlate with post-procedural
outcomes.18,49,50 Further trials are needed to define
optimal thresholds of inhibition to identify nonresponders and guide therapy.18,51 Adequately powered
RCTs incorporating data from POC genotyping and
phenotyping would help in determining the role of such
testing in the management of patients on antiplatelet
therapy.18 While the ARCTIC study concluded that
platelet function testing should not be performed
routinely in patients undergoing coronary stenting, it
may play a role in identifying patients at high risk of a
major bleeding event or stent thrombosis.
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Table 1: Spartan RX and VerifyNow Identification of Poor Clopidogrel Metabolizers
Technology
Study
Design

Spartan RX
Roberts 2012 et al.6
RCT

Inclusion Criteria

NSTEMI or CAD
undergoing PCI

Intervention

Spartan RX genotyping
(N = 97), 23 CYP2C19*2
carriers received prasugrel;
74 non-carriers received
clopidogrel.
Standard treatment with
clopidogrel (N = 98)

Comparator/Comparison

Population

Completed/Randomized
Outcome

Duration
Efficacy

VerifyNow
Yamaguchi 2012 et al.7
SR, MA (2 RCTs, 6 observational
studies for MACEs; 7 observational
studies for STh)
Clopidogrel-treated patients with
cardiovascular disease, MACEs
within 12 months, VerifyNow
phenotype, CYP2C19 genotype,
(method not reported),
observational study or RCT.
VerifyNow phenotyping (8 studies);
genotyping (7 studies).

Carrier versus non-carrier

N = 187
Clopidogrel bolus,
Undergoing PCI
187/200
Proportion of CYP2C19*2
carriers with a PRU ≥ 234
after 7 days of therapy.

Phenotyping
N = 4,817

CYP2C19*2
N = 5,307

30 days
CYP2C19*2 allele: 23/91
(25%) of genotyped
patients and 23/96 (24%)
of standard patients.
Sensitivity: 100% (95%
CI, 92.3 to 100);
specificity: 99.3% (95%
CI, 96.3 to 100).
7-day HPR: 0/23 (0%) of
carriers in prasugrel group;
7/23 (30%) in standard
treatment group
(P = 0.0092).

NA
HPR phenotype and MACEs:
Patients with HPR had significantly
higher odds of MACE than those
without HPR (OR 3.05, 95% CI,
2.33 to 3.98)
All-cause death (OR 2.00, 95% CI,
1.22 to 3.27)
MI (OR 3.07, 95% CI, 2.19 to 4.31)
STh (OR 3.26, 95% CI, 1.63 to
6.51)
Stroke (OR 1.99, 95% CI, 0.74 to
5.31)

NA
NA
MACEs: all-cause death, MI, STh,
stroke, target vessel
revascularization within 12 months
of PCI.

Brar et al. 20118
MA (patient-level data)

Clopidogrel-treated
patients after PCI,
MACEs, ≥ 30-day
follow-up, VerifyNow
phenotype.
VerifyNow phenotyping
(6 studies).

Reduced platelet
reactivity (normal)
versus HPR.
N = 3,059
Clopidogrel-treated post
PCI
NA
MACEs: death, MI, STh,
at least 30-day follow-up
(outcomes stratified
based on quartile [Q]
with Q1 representing the
patients with the lowest
on-treatment platelet
reactivity and Q4 the
highest).
NA
Q1 85 ± 37 PRUs
Q2: 171 ± 19 PRUs
Q3: 230 ± 17 PRUs
Q4:301 ± 33 PRUs;
P < 0.001.
MACE HR for Q2, Q3,
and Q4 > Q1 (referent)
Q2 HR: 2.62, 95% CI,
1.77 to 3.87.
Q3 HR: 1.13, 95% CI,
0.72 to 1.78.
Q4 HR: 1.82, 95% CI,
1.77 to 3.87; P < 0.001.

Genotype and MACEs:
1,926 (36%) patients with ≥ 1
CYP2C19*2 allele
The odds of STh in carriers was
significantly higher than in noncarriers (OR 2.65, 95% CI, 1.46 to
4.48)

Groups were stratified as
above or below 230
PRUs.
Death HR: 1.66; 95% CI,
1.04 to 2.68; P = 0.04.
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Table 1: Spartan RX and VerifyNow Identification of Poor Clopidogrel Metabolizers
Technology

Spartan RX

Safety

TIMI minor bleed: 5/91
(6%) of genotyped
patients, 2/96 (2%),
standard patients
(P = 0.2693).
TIMI major bleed 2/91
(2%) of genotyped
patients, 1/96 (1%)
standard treatment
patients.
Surrogate end points,
small sample size.

Limitations
Possible Bias

VerifyNow
HPR using VerifyNow identifies
patients at risk of a MACE, while
CYP2C19*2 carrier status was
associated with STh.
Bleeding events NR

Publication bias may exist but OR
of 2 large-scale trials consistent;
heterogeneous population.

STh HR: 3.11, 95% CI,
1.50 to 6.46; P = 0.002.
MI HR: 2.04; 95% CI,
1.51 to 2.76; P < 0.001).
Bleeding events NR.

Lack of genotype and
bleeding events data.

CAD = coronary artery disease; CI = confidence interval; DES = drug-eluting stent; HPR = high on-treatment platelet reactivity; HR = hazard ratio;
MA = meta-analysis; MACE = major adverse cardiovascular event; MI = myocardial infarction; NA = not applicable; NR = no reported;
NSTEMI = non-ST-segment elevation myocardial infarction; OR = odds ratio; PCI = percutaneous coronary intervention; PRU = P2Y12 reaction
unit; RCT = randomized controlled trial; SR = systematic review; STh = stent thrombosis; TIMI = thrombolysis in myocardial infarction.
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