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Pretreatment with thienopyridines has been shown to improve clinical outcomes in
patients undergoing percutaneous coronary intervention (PCI). We determine the impact
of angina class on inhibition of platelet aggregation (IPA) following clopidogrel loading.
Seventy-two patients (mean age, 64 � 11 years; 76% male) were pretreated with 450 mg
of clopidogrel at least 3 hr prior to PCI. All patients received ASA 325 mg prior to the
procedure. Patients were classified into two groups according to angina class: group 1 �
stable angina or Braunwald class 1 unstable angina (UA; n � 33); group 2 � Braunwald
class 2 or 3 UA (n � 39). IPA was measured prior to PCI, with the Ichor point-of-care
platelet analyzer (Helena Laboratories, Beaumont, TX), using 20 �M of ADP. Group 2
patients were more likely to have prior MI (54% vs. 27%; P � 0.023), prior CABG (33% vs.
5%; P � 0.046), and received IV heparin (64% vs. 27%; P � 0.0018). Mean IPA was
significantly lower in group 2 compared to group 1 (19% � 22% vs. 32% � 22%; P �
0.004). In multivariate analysis, higher angina class was independently associated with
lower IPA (P � 0.018). Patients with UA undergoing PCI have a lower IPA following
clopidogrel loading with 450 mg. This may indicate the possibility of clopidogrel resis-
tance in such patients. Cathet Cardiovasc Intervent 2003;59:21–25. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Platelet activation and aggregation play a major role in
acute coronary syndromes and in thrombotic complica-
tions during and following percutaneous coronary inter-
ventions (PCI) [1–7]. Combination antiplatelet therapy
with aspirin (ASA) and thienopyridines following stent
implantation has dramatically reduced ischemic compli-
cations following PCI [8–12]. When given as a loading
dose, clopidogrel has a rapid onset of action with inhi-
bition of platelet aggregation (IPA) seen within 2–4 hr
from loading [13–16]. Recent data suggest that a loading
dose of 450 mg clopidogrel achieves a faster and higher
degree of IPA compared with the standard dose of 300
mg [17]. Although glycoprotein (GP) IIb/IIIa receptor
antagonists improve clinical outcomes in patients with
unstable angina undergoing PCI, posthoc analyses of two
large clinical trials demonstrated additional significant
reduction in ischemic events when thienopyridines were
given prior to coronary intervention, regardless of the
type of GP IIb/IIIa inhibitor used [18,19]. In a large
prospective trial, pretreatment with clopidogrel, in addi-

tion to aspirin, followed by long-term therapy with clo-
pidogrel was beneficial in reducing major cardiovascular
events in patients with acute coronary syndromes,
whether or not coronary intervention was performed
[20,21]. However, in these trials, platelet aggregation
studies were not performed and the impact of angina
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class on the degree of IPA following clopidogrel loading
has not been elucidated. This trial was designed to de-
termine the impact of angina class on IPA following
loading with 450 mg clopidogrel, administered at least 3
hr prior to PCI.

MATERIALS AND METHODS

Patient Population

From March to September 1999, 94 patients scheduled
to undergo elective or urgent PCI who were pretreated
with clopidogrel were enrolled in this prospective study.
Twenty-two patients were excluded from analysis be-
cause the procedure was performed less than 3 hr from
clopidogrel loading. Seventy-two patients were included
in the final analysis. A loading dose of 450 mg clopi-
dogrel was administered prior to the procedure in all
patients but four. The four patients who did not receive a
loading dose were pretreated with clopidogrel for at least
6 days prior to the procedure. An additional 75 mg of
clopidogrel was given in the morning of the procedure
day if the loading dose was given � 12 hr prior to the
procedure. All patients received ASA 325 mg prior to the
procedure. Patients were classified into two groups ac-
cording to the Braunwald unstable angina classification
[22]: group 1 included 33 patients with stable angina or
class 1 Braunwald unstable angina, and group 2 included
39 patients with Braunwald class 2 or 3 unstable angina
(Table I). Patients were excluded if they had received GP
IIb/IIIa therapy before the procedure or if they had a
contraindication to ASA, heparin, clopidogrel, or GP
IIb/IIIa inhibitor. Written informed consent was obtained
from each patient prior to the procedure.

Platelet Function Measurement

Inhibition of ADP-mediated platelet aggregation was
performed with the Ichor point-of-care platelet analyzer
(Helena Laboratories, Beaumont, TX) using 20 �M of
ADP. This test is based on a platelet count ratio. As
described previously [23,24], platelet count is performed
in a sample that passes through an aperture, thereby
interrupting a constant electrical current. This results in
an electrical pulse that is amplified and sorted to provide
the final platelet count in platelets � 1,000/mm3. In the
presence of ADP, platelets aggregate and exceed the

threshold limitations for platelet size. Therefore, they are
no longer counted as platelets.

In comparable studies using traditional platelet-rich
light transmission aggregometry, the Ichor platelet ana-
lyzer has demonstrated good correlation for ADP (r2 �
0.81; P � 0.0001), as well as for other platelet agonists
[23]. The platelet function assay was performed during
the intervention. An initial platelet count was performed
using EDTA (control tube), and a second platelet count,
from the same blood sample, using 20 �M ADP and
3.2% of sodium citrate as an agonist and anticoagulant,
respectively (1 ml in each tube). The differential platelet
count between the control tube and the ADP-containing
tube represents the functional (aggregable) platelets in
the blood sample. IPA was calculated as follows: (plate-
let count following stimulation with ADP/EDTA platelet
count) � 100%. Quality control using normal and low
quantitative solutions was performed on a daily basis.

Statistical Analysis

Categorical variables are presented as counts and per-
centages. Continuous variables are shown as mean �
standard deviation. Differences in categorical variables
between patient groups were examined using a chi-
square test or Fisher’s two-tailed exact test. Differences
in continuous variables between groups were examined
using a Wilcoxon rank test. Angina class and variables
that had an univariate association with angina class were
used in a general linear model that had IPA as the
outcome measure. A multiple logistic regression analysis
was performed using IPA as a dichotomous outcome
of � 19% (median % IPA for all patients) vs. � 19%.

RESULTS

Baseline Characteristics

Baseline characteristics of study patients are shown in
Table II. Patients with Braunwald class 2 and 3 were
more likely to have had a prior MI (54% vs. 27%; P �
0.023), prior CABG (33% vs. 5%; P � 0.046), and to
have received IV heparin (64% vs. 27%; P � 0.0018).
The two groups were similar in other respects.

Inhibition of Platelet Aggregation

The mean inhibition of platelet aggregation was sig-
nificantly lower in group 2 compared with patients in
group 1 (19% � 22% vs. 32% � 22%; P � 0.0044).
Within each group, marked interpatient variability in the
degree of IPA was observed. The extent of variability
and distribution of IPA in each group is shown in Figure
1.

TABLE I. Braunwald Unstable Angina Classification

Severity Definition

Class 1 New onset of angina or accelerated angina, no rest pain
Class 2 Angina at rest within the past month to 48 hr (subacute)
Class 3 Angina at rest within 48 hr
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Multivariate Analysis

After adjusting for baseline differences, Braunwald
class 2 or 3 unstable angina (UA) was the only variable
independently associated with lower IPA expressed as a
continuous variable (P � 0.0176). In a step-down logis-
tic regression analysis, when IPA was used as a dichot-
omous outcome [� 19% (median % IPA for all patients)
vs. � 19%], Braunwald class 2 or 3 UA and prior MI
were both significant predictors of lower IPA (OR �
7.57, 95% CI � 2.47–23.2, P � 0.0004, and OR � 4.26,
95% CI � 1.33–13.7, P � 0.015, respectively; Fig. 2).

DISCUSSION

Our study demonstrates that patients with Braunwald
class 2 and 3 UA achieve a significantly lower IPA
induced by 20 �M of ADP following clopidogrel loading
with 450 mg compared to patients with stable angina or
Braunwald class 1 UA. This may reflect the higher de-
gree of platelet activation and aggregation, thus suggest-
ing resistance to clopidogrel. Second, there is significant
interpatient variability in the degree of IPA following
clopidogrel loading in patients undergoing PCI. This may
suggest a role for monitoring IPA in the catheterization
laboratory in order to identify patients with higher plate-
let activation and aggregation prior to balloon inflation
and stent implantation and further risk-stratify patients
based on response to these agents.

We have previously reported a significantly lower IPA
induced by ADP following administration of GP IIb/IIIa
receptor antagonists in patients with Braunwald class 2

and 3 UA compared to class 1 UA or stable angina
patients who underwent PCI [25]. These data suggest that
resistance to antiplatelet therapy in acute coronary syn-
dromes involves not only the ADP receptor, but also the
GP IIb/IIIa receptor. In fact, angina class was found to be
the most important factor influencing the degree of plate-
let inhibition after clopidogrel loading. In multivariate
analysis, in addition to angina class, patients with prior
MI were found to have significantly lower IPA induced
by 20 �M of ADP. This finding may indicate that pa-
tients with inherent platelet hyperaggregability have
higher incidence of acute coronary events.

Fig. 1. Box plot graph of the distribution and extent of variabil-
ity in inhibition of platelet aggregation in each group. Group 1 �
stable angina or Braunwald class 1 unstable angina; group 2 �
Braunwald class 2 or 3 unstable angina. The box indicates
25th–75th percentile; plus sign indicates mean value.

Fig. 2. Independent predictors of ≤ 19% inhibition of platelet
aggregation; 19% IPA � median value for all patients.

TABLE II. Baseline Clinical Characteristics

Group 1
(n � 33)

Group 2
(n � 39) P

Age (years) 64 � 13 64 �10 0.90
Male 25 (76%) 30 (77%) 0.91
Diabetes 7 (21%) 10 (26%) 0.54
Current smoker 3 (9%) 6 (15%) 0.63
Hypertension (� 160/90

mm Hg) 20 (61%) 26 (67%) 0.59
Hypercholesterolemia (TC

� 240 mg/dL) 22 (67%) 22 (56%) 0.37
Prior MI 9 (27%) 21 (54%) 0.023
Prior CABG 1/19 (5%) 7/21 (33%) 0.046
MI within 24 hr 0/19 (0%) 4/21 (19%) 0.11
Clopidogrel loading 31 (94%) 37 (95%) 1.0
Aspirin 33 (100%) 39 (100%) 1.0
IV heparin 9 (27%) 25 (64%) 0.0018
Angiotensin-converting

enzyme inhibitors 10 (30%) 14 (36%) 0.62
Antilipid 20 (61%) 20 (51%) 0.43
�-blockers 20 (61%) 28 (72%) 0.32
Calcium channel blockers 23 (70%) 29 (74%) 0.66
Nitrates 17 (52%) 28 (72%) 0.077
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Previous studies that showed higher degree of platelet
inhibition following clopidogrel loading were performed
on healthy subjects [13–15] or on patients with stable
angina [16] who in general do not exhibit the degree of
platelet activation and aggregation seen in patients with
acute coronary syndromes. In addition, those studies
used a concentration of 5 or 10 �M of ADP as platelet
agonist, which may not be sufficient to detect the inter-
patient variability that we found with 20 �M of ADP.

The CURE trial [20] assessed the effect of clopidogrel
therapy on clinical outcomes in patients with acute cor-
onary syndromes. This study demonstrated that cardio-
vascular death, nonfatal MI, or stroke occurred in 9.3%
of the patients in the clopidogrel group and 11.4% of the
patients in the placebo group. This difference was mainly
derived from a reduction in the rate of myocardial in-
farction. The benefit of clopidogrel was apparent within
a few hours, with the above primary endpoint, refractory,
or severe ischemia significantly lower in the clopidogrel
group by 24 hr after randomization. However, approxi-
mately, 4% and 10% of patients on clopidogrel suffered
the composite endpoint (cardiovascular death, nonfatal
MI, or stroke) at 30 days and 12 months, respectively.
Because platelet function studies were not performed in
this trial, it is unknown whether the patients who have
had a clinical event were relatively resistant to clopi-
dogrel. Nevertheless, 10% of adverse outcome despite
treatment with clopidogrel is disturbing and raises ques-
tions regarding the degree of IPA achieved with clopi-
dogrel therapy in this setting.

Several studies have demonstrated the importance of
initiating antiplatelet therapy with thienopyridines prior
to PCI. Posthoc analysis from the EPISTENT trial
showed that among the 1,603 patients who were random-
ized to stenting without abciximab, starting ticlopidine
prior to PCI was associated with a significant reduction
in the 12-month composite endpoint of death, MI, or
target vessel revascularization (TVR) [19]. In addition,
pretreatment with ticlopidine was an independent predic-
tor of lower TVR at 1 year in all patients. However, a
20% event rate at 1 year was observed despite optimal
antiplatelet therapy, raising the question whether or not
those patients actually achieved adequate IPA at the time
of the procedure. More recently, the TARGET trial [18]
showed that even in patients treated with GP IIb/IIIa
antagonists, pretreatment with clopidogrel prior to stent
implantation reduced the 30-day composite endpoint of
death, nonfatal myocardial infarction, or urgent TVR
from 12.5% to 7.2% and from 8.3% to 5.8% in patients
who received tirofiban and abciximab, respectively.

The PCI-CURE study [21] evaluated 2,658 patients
who underwent PCI in the CURE study and found a 31%
reduction in cardiovascular death or MI (P � 0.002) in
the clopidogrel group despite significantly less use of GP

IIb/IIIa inhibitors. These findings demonstrate the impor-
tance of additional antiplatelet therapy with ADP recep-
tor blockers, as early as possible, in acute coronary
syndromes.

Our finding of a significant interpatient variability in
the degree of IPA, even among patients with stable
angina, further emphasizes the rationale of performing
point-of-care monitoring of IPA in the catheterization
laboratory following administration of these agents. It
may allow risk-stratifying patients based on their re-
sponse to platelet inhibitors. Those patients who exhibit
resistance to clopidogrel may represent a higher-risk
group that may benefit from a higher loading dose or
additional GP IIb/IIIa receptor blockade. Müller et al.
[26] recently demonstrated, although in a small number
of patients, that loading with 600 mg of clopidogrel prior
to coronary stenting followed by 75 mg twice daily
significantly accelerated and enhanced inhibition of
ADP-mediated platelet aggregation compared to the con-
ventional dosing of 300 mg followed by 75 mg daily. In
this study, ADP (20 �M)-induced platelet aggregation
was inhibited by 55%–59% within the first 4 hr in pa-
tients who received 600 mg of clopidogrel compared to
38%–40% in patients who received 300 mg loading dose
(P � 0.01).

In summary, patients with acute coronary syndromes
appear to be less responsive to a higher than standard
loading of clopidogrel. Furthermore, there is a significant
interpatient variability in the degree of platelet inhibition
even among patients with stable angina. These findings
raise concerns regarding the rationale for treating all
patients undergoing PCI with the same standard dose of
clopidogrel, irrespective of their angina class. In addi-
tion, our findings suggest a possible role for performing
bedside monitoring of platelet aggregation during PCI
with a standardized assay, using 20 �M of ADP, follow-
ing clopidogrel loading. Prospective randomized trials
should determine whether higher loading and perhaps
higher maintenance doses will improve clinical outcome
in these patients.

The limitations of our study include the small number
of patients studied, the lack of concomitant gold–stan-
dard light transmission aggregometry, and the lack of
data on clinical outcomes. While we believe that higher
doses of clopidogrel in patients with unstable angina will
provide higher IPA, we do not have any data to support
this contention. Also, the implications of higher doses of
clopidogrel vis-à-vis bleeding complications are not
known. Prospective clinical studies utilizing higher doses
of clopidogrel can better address these issues. As such,
our results are hypothesizing raising clopidogrel loading
and perhaps maintenance doses in patients with unstable
angina but are not confirmatory.
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