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Abstract

Introduction: Addition of clopidogrel to patients treated with ASA has been shown to
decrease the incidence of in-stent thrombosis after percutaneous coronary
interventions. However, it has also been reported that up to 30% of patients do not
achieve adequate platelet inhibition from standard dosages of ASA and clopidogrel.
There is a demand for reliable methods to measure the individual platelet inhibiting
effect of this combination therapy.
Materials and methods: The primary aim of the present investigation was to compare
three methods for evaluation of the platelet inhibiting effect of a clopidogrel bolus
dose in patients on long-term acetylsalicylic acid treatment.

Thirty patients presenting for coronary angiography/PCI were included. Two
patients were excluded due to technical problems. All patients were on 75–100 mg
ASA/day for at least 8 days. Blood samples were analysed before and 16 h after a
300 mg clopidogrel bolus dose. The platelet inhibiting effect was measured with (1)
Whole blood flow cytometry (17 patients); (2) a bed-side test, Platelet Mapping™
assay for the thrombelastograph (28 patients); and (3) PFA (Platelet function
analyser) −100 (26 patients).
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Results: With flow cytometry, the percentage of platelets expressing P-selectin
(p=0.03) on their surface decreased significantly after the bolus dose of clopidogrel.
There was also a reduction of platelets binding fibrinogen when stimulated with ADP.
A significantly (p=0.002) increased platelet inhibition could also be demonstrated
with Platelet Mapping™. PFA-100 could not measure any significant platelet inhibiting
effect of clopidogrel.
Conclusion: A significant platelet inhibition could be demonstrated with flow
cytometry and the Platelet Mapping™ assay, but not with PFA-100. However, levels
of response for the individual patient with these three methods were inconsistent.
Further studies are needed to evaluate how the results correlate to the clinical risk of
thrombosis and bleeding.
© 2006 Elsevier Ltd. All rights reserved.
Introduction

The acute coronary syndromes, unstable angina and
myocardial infarction, are regarded as thrombotic
manifestations of coronary artery disease [1]. The
beneficial effect of treatment with acetylsalicylic
acid (ASA), a platelet aggregation inhibitor at the
thromboxane receptor level, has been demonstrated
in patients with known or suspected stable coronary
artery disease or acute coronary syndromes [2,3].
Addition of clopidogrel, another platelet inhibitor, has
been shown to reduce morbidity and mortality in
acute coronary syndromes [4–6]. Clopidogrel has also
been reported to decrease the incidence of in-stent
thrombosis after percutaneous coronary interventions
(PCI) [7–9]. Dual platelet inhibition is often routinely
administered prior to coronary angiography in case
PCI with stent implantation will be performed [10].

Clopidogrel is a platelet adenosine diphosphate
(ADP) receptor antagonist. Thus, the ADP (P2Y12-)
receptor mediated activation of the platelet will be
irreversibly blocked, leading to conformational
changes of glycoprotein IIb/IIIa receptors, thereby
inhibiting platelet aggregation [11].

A major problem is that the degree of platelet
inhibition in the individual patients cannot be easily
monitored in clinical practice. It has been shown
that approximately 5–30% of patients do not achieve
adequate inhibition from standard dosages of ASA or
clopidogrel [12–14]. An increased incidence of
cardiac events has been reported in patients with
poor response to clopidogrel after percutaneous
coronary intervention [15]. On the other hand, pa-
tients treated with ASA and/or clopidogrel have an
increased risk of bleeding, both spontaneously and in
connection with percutaneous or surgical interven-
tions [6,16–18].

Obviously, there is a clinical need for bedside tests
that could identify non-responding patients with
increased risk of thrombotic complications after
percutaneous coronary interventions, as well as pa-
tients with potential for increased bleeding during
coronary artery bypass grafting. The primary aim of
the present investigation was to compare three
methods for evaluation of the platelet inhibiting
effect of a clopidogrel bolus dose in patients on long-
term acetylsalicylic acid treatment.

Materials and methods

The study was approved by the ethics committee of
Uppsala University. Written informed consent was
obtained from all patients. Thirty patients with
stable coronary artery disease, presenting for rou-
tine coronary angiography were recruited in the
study. All patients were on a daily dose of 75–100 mg
of acetylsalicylic acid for a duration of 8 to approx-
imately 7300 days (median 357 days) before the
intervention. Exclusion criteria were: history of
bleeding problems, current anticoagulation therapy
(other than ASA), recent myocardial infarction
(b1 month), hepatic insufficiency (increased spon-
taneous prothrombin complex [PK], or aspartate
aminotransferase [ASAT] and alanine aminotransfer-
ase [ALAT]N twice the reference level), renal insuf-
ficiency (serum creatinineN140 μmol/l), rheumatic
disease, and use of non-steroidal anti-inflammatory
drugs.

Protocol

Peripheral blood for the platelet function studies
was drawn from an indwelling venous catheter on
two occasions: on the day before angiography and
approximately 16 h later, just prior to angiography.
All patients received an oral bolus dose of 300 mg
clopidogrel immediately after the first blood
sampling.



Figure 2 Platelet Mapping with thrombelastography.
MATHROMBIN is the maximal amplitude resulting from fibrin
and thrombin-activated platelets. MAFIBRIN is the maximal
amplitude resulting from fibrin only. MAADP is the maximal
amplitude resulting from fibrin and platelets not blocked
by ADP-receptor inhibiting drugs.
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Platelet function tests

Thrombelastography (TEG) measures the rate and
strength of clot formation inwhole blood,which gives
a global assessment of the haemostatic activity. The
reaction time (R) is the time until initiation of clot
formation. The maximum amplitude (MA) measures
the strength of clot formation (Fig. 1) and is depen-
dent of the amount of activated platelets and fibrin.

We placed four cups and pins in the TEG 5000
Hemostasis Analyzer in accordance with the standard
procedure, and the Platelet Mapping™ assay (both
from Haemoscope Corporation, www.haemoscope.
com, Niles, Illinois, USA) was prepared according to
the manufacturer's instructions. The assay makes it
possible to analyse the degree of platelet inhibition
at the adenosine diphosphate (ADP)-receptors and
tromboxane A2-receptors. In one cup 0.36 ml kaolin
activated blood was added to run a standard TEG.
The standard TEG MA (MAthrombin) measures thrombin
activated platelet function and therefore indicates
total platelet function including the contribution of
fibrin to MA. For the other three cups, thrombin
activity was inhibited by adding heparin to the
blood sample. To the second cup 10 μl of Activator F
(reptilase and F XIIIa) and 0.36 ml heparinized whole
blood was added. Reptilase converts fibrinogen to
fibrin, and the maximal amplitude results from fibrin
only (MAfibrin). In the third cup 0.36 ml heparinized
whole blood was mixed with 10 μl Activator F and
10 μl of ADP. The maximal amplitude (MAADP) will
result from fibrin and platelets not blocked by ADP-
receptor inhibiting drugs (e.g. clopidogrel) (Fig. 2).
To the fourth cup 0.36 ml heparinized whole blood
was mixed with 10 μl Activator F and 10 μl arachi-
donic acid. The maximal amplitude (MAAA) was a
result of fibrin and platelets not inhibited by arachi-
donic acid blocking drugs.

The relative reduction of MA due to ADP-receptor
inhibiting drugs was calculated as 100−{(MAADP−
MAfibrin/MAthrombin−MAfibrin)×100}. In a normal pop-
ulation, 80% of individuals have an MA reduction less
than 20% (information provided by Haemoscope).
Figure 1 Standard thrombelastographic tracing. MA=max-
imal amplitude; R=reaction time.
Similarly, the percentage MA reduction due to
arachidonic acid inhibiting drugs was calculated as
100− {(MAAA−MAfibrin /MAthrombin−MAfibrin) × 100}.
The reference value is b20% (information provided
by Haemoscope). The within run precision and the
total precision of the MAthrombin was 9% and 10%, for
MAADP 9% and 8%, and for MAAA 6% and 7%
(information from the manufacturer's manual).

Platelet function analysis (PFA-100) (DADE-Behr-
ing, www.dadebehring.com, Deerfield, Illinois,
USA) measures primary hemostasis in whole blood
under capillary flow conditions. Whole blood was
anti-coagulated with 3.8% sodium citrat and 0.9 ml
blood forced under high shear stress conditions
through an aperture (147 μm) in a membrane coated
with collagen/adenosine diphosphate (ADP) or
collagen/epinephrine (EPI), and the time to occlu-
sion was measured (closure time, CT). After 300 s,
the process automatically terminates, inferring that
CT longer than that will be reported as 300 s.
Normal reference range for ADP-CT is 71–118 s,
mean value 92 s, and for EPI-CT is 85–165 s, mean
value 124 s.

Flow cytometry. Five milliliters of whole blood
was anti-coagulated with 3.8% sodium citrate. The
sample was incubated for 20 min in room temper-
ature and split in aliquots of 5 μl. Before analysis
with the flow cytometer EPICS XL-MCL (Beckman-
Coulter, Fullerton, California, USA), the platelets
were fluorescently labelled with conjugated mono-
clonal antibodies against either fibrinogen (FITC-
conjugated hen antibody to human fibrinogen,
[Cat 2871, Diapensia]), P-selectin (FITC-conjugated
mouse monoclonal antibody to human CD62P,
[IM1164, Immunotech, BeckmanCoulter]), glucopro-
tein GP Ia (FITC-conjugated mouse antibody to
human GPIa, CD49b, [IM 1425, Immunotech, Beck-
manCoulter]), GPIb (FITC-conjugated antibody to
human GPIb, CD42b, [F0802,Dakopatts]), or GPIIb

http://www.haemoscope.com
http://www.haemoscope.com
http://www.dadebehring.com


Table 2 Results

Parameter Day 1 (ASA) Day 2
(ASA+clopidogrel)

Median
(Q1, Q3)

Median
(Q1, Q3)

p-
value

Platelet function analyser
Epi-CT(s) 300 (164, 300) 300 (300, 300) 0.32
ADP-CT(s) 97 (85, 108) 99 (89, 119) 0.27

Thrombelastography
MA reduction
AA(%)

83 (65, 90) 92 (83, 97) 0.022

MA reduction
ADP(%)

16 (11, 25) 30 (20, 36) 0.0021

Flow cytometry
GP1a (%) 84 (68, 88) 71 (65, 85) 0.46
GP1b (%) 99 (98, 99) 99 (98, 99) 0.51
GP IIb (%) 99 (98, 99) 99 (98, 99) 0.44
Fibrinogen (%)
unstimulated

49 (35, 61) 56 (26, 71) 0.90

Fibrinogen
0.5 μmol
ADP(%)

94 (90, 96) 90 (80, 93) 0.012

Fibrinogen
0.5 μmol
ADP(MFI)

20 (16, 30) 8.6 (4.5, 17.1) 0.008

Fibrinogen
5 μmol ADP(%)

97 (95, 98) 96 (92, 97) 0.031

Fibrinogen
5 μmol
ADP(MFI)

47 (32, 57) 26 (13, 48) 0.058

Fibrinogen
CRP(%)

86 (74, 94) 86 (74, 92) 0.67

Fibrinogen
CRP (MFI)

5 (2.4, 36.4) 5 (2.3, 19.8) 0.352

Fibrinogen
TRAP(%)

98 (97, 99) 98 (96, 99) 0.49

Fibrinogen
TRAP (MFI)

48 (30, 60) 32 (20.3, 58) 0.42

P-selectin (%) 1,9 (1.4, 2.2) 1,5 (1.2, 2.3) 0.36
P-selectin (MFI) 0.4 (0.38, 0.42) 0.4 (0.39, 0.41) 0.741
P-selectin-CRP
(%)

65 (21, 86) 20 (3, 74) 0.076

P-selectin CRP
(MFI)

3.4 (0.9, 7.8) 0.9 (0.4, 4.5) 0.129

P-selectin-ADP
(%)

63 (50, 73) 46 (32, 58) 0.026

P-selectin ADP
(MFI)

2.4 (1.8, 2.8) 1.5 (1.1, 2.0) 0.018

P-selectin TRAP 93 (92, 95) 92 (90, 95) 0.52
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(FITC-conjugated antibody to human GPIIb, CD41,
[F7088,Dakopatts]). Antibodies against fibrinogen
and P-selectin were combined with three different
platelet activators: (1) collagen related peptide
(CRP); (2) ADP ([cat no. 127507, Roche]) in two
different concentrations (0.5 μM and 5 μM ADP);
(3) the PAR-1 receptor agonist (thrombin re-
lated peptide, TRAP ([cat no. T1573, SIGM]). After
incubation, the samples were fixed and diluted
100 times with phosphate-buffered saline (PBS)
containing 0.2% paraformaldehyd acid (PFA).

The CV (n=8) for anti-fibrinogen when stimulated
with 0.5 μM ADP was 3.9 measured as percent
platelets stimulated and 23.7 measured as MFI.
When stimulated with 5 μM ADP the CV was 0.61
measured as percent platelets stimulated and 17.5
measured as MFI, and when stimulated with TRAP-6
the CV was 0.38 measured as percent platelets
stimulated and 13.8 measured as MFI.

The CV (n=8) for anti-CD62P when stimulated with
5 μM ADP was 5.96 measured as percent platelets
stimulated and 15.5 measured as MFI and when stim-
ulated with TRAP-6 the CV was 3.1 measured as per-
cent platelets stimulated and 16.2 measured as MFI.

The first 19 patients were investigated with
all three techniques. The remaining patients were
studied with thrombelastography and PFA-100 only.

Statistics

Mann–Whitney U-test (SPSS version 13.0) was used
to test the significance of the difference between
Day 1 and Day 2. P-valuesb0.05 were considered
to be statistically significant. The results are pre-
sented as means±standard deviation unless stated
otherwise (Table 1).

Results

Patients

Eleven patients were females and 19 males. Their
mean age was 62±10 years, body weight 83±17 kg,
Table 1 Reference range for flow cytometry

Stimuli Percentage
platelets (%)

Mean
fluorescence

Fibrinogen – 14–33
Fibrinogen 0.5 μM ADP N65
Fibrinogen 5 μM ADP N80 13–67
CD62P – 0–10
CD62P 5 μM ADP 45–85 1.3–4.0
GPIa N70 1.3–4
GPIb N90 20–45
GPIIb N90 50–92

(%)
P-selectin TRAP
(MFI)

8.2 (7.1, 8.6) 6.9 (5.5, 8) 0.39

Day 1=patients treated with ASA. Day 2=patients treated with
ASA and approximately 16 h after a 300 mg bolus dose of clopi-
dogrel. Platelet function analysis, thrombelastography, and flow
cytometry data.Q=interquartile range, ASA: acetylsalicylic acid,
CT: closure time, EPI: epinephrine, ADP: adenosine diphosphate,
MA: maximal amplitude, AA: arachidonic acid, CRP: collagen
related peptide, TRAP: thrombin related peptide, CD 62 P: P-
selectin.
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body mass index 28.1±4.7 kg/m2. Patients number
two and three were excluded due to technical
problems with the blood samples.

Platelet function analysis (PFA-100)

PFA-100 was analysed in 28 of the patients. Patients
number two and three were excluded. For medians
and range, see Table 2. Seventy-three percent of
the patients had a prolonged epinephrine closing
time (EPI-CT) on Day 1. When the patients were
treated with clopidogrel (Day 2), the proportion of
patients with a prolonged EPI-CT tended to increase
to 88% (not significant). 20% of the patients had an
adenosine diphosphate closing time (ADP-CT) slight-
ly over the reference level, and this increased to
28% of the patients on Day 2 (p=0.27).

Thrombelastography

Thrombelastography with the Platelet Mapping
assay was performed in all patients. Patients num-
ber two and three were excluded. For medians and
range, see Table 2. The maximal amplitude (MA)
after stimulation with arachidonic acid was reduced
compared to the thrombin-generated MA, by more
than 20% in all patients on Day 1, median 83% (Q1
65%, Q3 90%). However, four patients had a MA-
reduction by less than 50%.

On Day 2, the MA reduction was significantly
greater as compared to Day 1 (p=0.022). After
stimulation with ADP, 36% of the patients had an MA
reduction N20% on Day 1, and this increased to 75%
on Day 2 (p=0.0021).

Flow cytometry

Flow cytometry was performed in 19 patients.
Patients number two and three were excluded. On
Day 2, after administration of the clopidogrel
bolus, the amount of receptor GPIa, GPIb, GPIIb
on the platelet surface was within reference range
and unchanged compared to Day 1 (Table 2). When
the platelets were stimulated with collagen relat-
ed peptide (CRP), there was a non-significant trend
to increased platelet inhibition. A significant
platelet inhibition, measured as percentage of
cells expressing P-selectin on their surface, was
detected after stimulation with ADP on Day 2
(p=0.026). When stimulated with ADP a significant
platelet inhibition could also be seen as a
reduction of the amount of platelet surface
antigen expressed by each cell, measured as
mean fluorescence intensity (MFI). On day 2,
after stimulation with ADP, both the percentage
and MFI of platelets bonding with fibrinogen were
significantly reduced (Table 2). With the strong
inducer for PAR-1 receptor (TRAP), no platelet
inhibition could be seen at any time.

Discussion

Our flow cytometry data indicate a significant
platelet inhibition 16 h after a 300 mg bolus dose
of clopidogrel. The platelet inhibition presented as
a significantly decreased proportion of ADP-stimu-
lated platelets expressing P-selectin on their sur-
face and a significant reduction in number of
platelets bonding with fibrinogen. Another major
finding was that the clopidogrel bolus, significantly
reduced the maximal amplitude of thrombelasto-
gram was after stimulation of the platelets with
either ADP or arachidonic acid.

Turbidimetric aggregometry has been considered
to be the “gold standard” technique for platelet
function studies. It has been utilized to study the
effects of a clopidogrel bolus dose previously [14,19].
However turbidimetric aggregation is not available or
inconvenient in clinical practice and large-scale
clinical studies. Craft et al. found a good correlation
between optical platelet aggregation and a modified
thrombelastograph [20]. The possibility to utilise a
point-of-care instrument for analysis of platelet
function in-patients taking anti platelet drugs would
be of clinical interest and made us compare Platelet
Mapping™, flow cytometry and PFA-100.

The standard thrombelastographic technique is a
point-of-care test used to assay whole blood for
thrombin-generated maximal clot-shear elasticity.
This is referred to as the maximal amplitude (MA),
which results from thrombin activation of platelet
and fibrin. It is also well known that the standard
thrombelastograph can detect severe platelet dys-
function, thrombocytopenia, and the in-vitro effect
of strong inhibitors such as GP IIb/IIIa antagonists.
Thrombin activation is the strongest platelet activa-
tor, thus the effect of milder platelet inhibitors like
clopidogrel or aspirin cannot be measured with the
MA [21]. Recently, a Platelet Mapping™ assay for the
thrombelastograph has been introduced. The throm-
bin induced platelet activity is completely blocked
by heparin and in subsequent tests, the platelets can
be selectively stimulated with ADP or arachidonic
acid. Thus, the degree of platelet inactivation by
ADP-receptor blocking agents (e.g. clopidogrel) or
thromboxane receptor antagonists (e.g. acetylsa-
licylic acid) can be estimated with the thrombelas-
togram [20].

With the Platelet Mapping assay, we were able to
detect a significant reduction in the maximal
amplitude after a clopidogrel bolus dose both when



358 U. Alström et al.
we stimulated the platelets with ADP and arachido-
nic acid. This indicates that clopidogrel potentiates
the effect of aspirin and that ADP and thromboxane
A2 plays a synergistic role in mediating platelet
thrombus formation. Both pathways must be simul-
taneously blocked to achieve a maximum antithrom-
botic effect [22].

Gurbel at al. [29] pointed out maximal amplitude
and reaction time on TEG as risk factors for ischemic
events after PCI. Craft et al. [30] found a significant
shortening of reaction time after discontinuation of
antiplatelet therapies. We did not find any signif-
icant difference in reaction time after the clopido-
grel bolus dose.

Our flow cytometry data indicate that the
amounts of GP Ia, GP Ib, and GP IIb on the platelet
surface were not influenced by the clopidogrel bolus
dose. In our study, flow cytometry showed a
significant reduction in platelets expressing P-selec-
tin on their surfaces when stimulated with ADP. This
is consistent with previous reports by Klinkhardt
et al. and Storey et al. [23,24], who found that
clopidogrel, but not acetylsalicylic acid, reduced P-
selectin expression in patients with atherosclerotic
vascular disease. We also found that there was a
significant reduction in platelets bonding with
fibrinogen after the clopidogrel bolus. Another re-
cent study found that platelet function monitored by
flow cytometry and an enzyme immunoassay, mea-
suring the phosphorylation state of the vasodilator-
stimulated phosphoprotein (VASP), was a reliable
assay for quantifying clopidogrel effects [27]. Ac-
cordingly to Labarthe et al. [31] citrat may reduce
the effect of clopidogrel measured with flow
cytometry. In that case it is possible that a more
pronounced effect of clopidogrel would have been
detected if the analysis had been performed with
hirudin/PPACK instead of citrat.

The PFA-100 showed a minimal, but not signifi-
cant, increase in ADP closure time after the
clopidogrel bolus dose. Our results thus confirm
previous studies [26–28], suggesting that PFA-100
ADP-CT is a poor technique to evaluate the effect of
clopidogrel.

We also analysed epinephrine closure time (EPI-
CT), which should be sensitive to platelet inhibition
by acetylsalicylic acid. Seven patients (27%), cur-
rently on ASA 75–100 mg daily, had a normal EPI-CT
on Day 1 (prior to the clopidogrel bolus). Previously
reported definition of aspirin resistance, measured
with PFA-100 [12,25], is an EPI-CT within normal
range (b165 s). According to that criterion, seven
patients (27%) were non-responders to ASA treat-
ment. This agrees with a study of Lepäntalo et al.
[25] in which 28% of the patients were poor
responders to aspirin according to PFA. However,
in our study the patients who were non-responders
according to the results from the PFA EPI-CT were
responders according to the TEG Platelet Mapping™
assay (responders defined as MAAA reductionN50%).
According to the TEG all patients were responders
to ASA (MAAA reductionN50%.), but four of the
patients (14%) showed a low response (MAAA

reduction of 20–50%). Of those patients all, except
one who was not analyzed with PFA-100, were
responders according to PFA EPI-CT.

We noticed that seven patients (25%) had an MA-
reduction of less than 20% on ADP-stimulated
Platelet Mapping thrombelastogram, which might
indicate inadequate platelet inhibition from the
standard 300 mg bolus dose clopidogrel (inade-
quate platelet response defined as MAADP reduction
within normal rangeb20%). However, of those
patients, six were analysed with the flow cytome-
try, and according to that just one patient did not
show an increased platelet inhibition, measured as
percentage of cells expressing P-selectin and
fibrinogen on their surface after stimulation with
0.5 μmol ADP.

We acknowledge several limitations to our
study. Only 19 of the patients could be evaluated
by flow cytometry. Thus, the small number of
patients may limit generalisation of the data and
the comparison between the techniques. Due to
the limited number of patients, we did not
attempt to correlate poor response to clopidogrel,
with the studied techniques, with long-term PCI
results. Thus, a larger study would be necessary to
elucidate whether non-responders to clopidogrel
according to the Platelet Mapping™ assay will
predict an increased risk of in-stent thrombosis or
if patients with a strong response to clopidogrel
have an increased risk of bleeding, either sponta-
neously or during surgical procedures. We investi-
gated patients within 24 h of a 300 mg bolus dose
of clopidogrel. It is not known whether our findings
can be extrapolated to patients on long-term
treatment with clopidogrel.

In conclusion, a significant effect of clopidogrel
could be measured with the Platelet Mapping
thrombelastograph assay and flow cytometry, but
not with PFA-100. However, levels of response for
the individual patient with these three methods
were inconsistent. Further development of reliable
bedside tests for evaluation of platelet inhibitors
seems warranted.
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