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igh Residual Platelet Reactivity After Clopidogrel
xtent of Coronary Atherosclerosis and Periprocedural Myocardial Infarction in
atients With Stable Angina Undergoing Percutaneous Coronary Intervention

abio Mangiacapra, MD,*† Bernard De Bruyne, MD, PHD,* Olivier Muller, MD, PHD,*
atalina Trana, MD,* Argyrios Ntalianis, MD, PHD,* Jozef Bartunek, MD, PHD,*
uy Heyndrickx, MD, PHD,* Germano Di Sciascio, MD,† William Wijns, MD, PHD,*
manuele Barbato, MD, PHD*

alst, Belgium; and Rome, Italy

bjectives We tested the hypothesis that residual platelet reactivity after clopidogrel correlates
ith the extent and severity of coronary atherosclerosis in patients undergoing elective percutane-
us coronary intervention (PCI).

ackground Platelets are actively involved in vascular atherosclerosis.

ethods We prospectively enrolled 338 patients undergoing PCI for stable angina, loaded with
00-mg clopidogrel. Platelet reactivity was assessed 12 h later by measuring P2Y12 reactivity unit
PRU) with VerifyNow P2Y12 assay (Accumetrics, San Diego, California). High platelet reactivity (HPR)
as defined as PRU value �240. Presence of multivessel disease (MVD) and total stent length (TSL)
ere used as surrogate markers of atherosclerosis severity and extension.

esults Patients with MVD showed higher PRU compared with single-vessel disease (SVD) patients
222 � 85 vs. 191 � 73; p � 0.001). The PRU increased with the number of stenotic coronaries
1-vessel disease: 191 � 73; 2-vessel disease: 220 � 88; 3-vessel disease: 226 � 80; p � 0.002). The
RU was higher in the third TSL tertile compared with first tertile (217 � 83 vs. 191 � 73; p �

.048). The HPR was most frequently observed among MVD patients (40.5% vs. 21.6% in patients
ith SVD, respectively; p � 0.001) and those in the third TSL tertile (35.8% vs. 22.2% first tertile;
� 0.028). Higher incidence of periprocedural myocardial infarction was observed in patients with
PR (41.2% vs. 26.7% in patients without HPR; p � 0.008) and in those in the third tertile TSL
37.7% vs. 23.1% first tertile; p � 0.020). By multivariate analysis, HPR was the only independent pre-
ictor of periprocedural myocardial infarction (p � 0.034).

onclusions Patients with more extensive coronary atherosclerosis have a higher rate of HPR,
hich might partly account for higher risk of periprocedural MI. (J Am Coll Cardiol Intv 2010;3:
5–40) © 2010 by the American College of Cardiology Foundation

rom the *Cardiovascular Center, OLV Hospital, Aalst, Belgium; and the †Department of Cardiovascular Sciences, Campus
io-Medico University, Rome, Italy.
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latelets are actively involved in the inflammatory cascade
eading to vascular atherosclerosis (1,2). Platelet aggregabil-
ty has been directly related with systemic atherosclerotic
isease (3). In addition, the most detrimental manifestation
f coronary atherosclerotic disease (i.e., myocardial infarc-
ion [MI]) is mediated by platelet activation (4). On this
asis, numerous therapeutic options, targeting platelet ag-
regability, have been proposed.

Dual therapy with aspirin and clopidogrel is the most
ommonly used antiplatelet strategy in patients undergoing
ercutaneous coronary intervention (PCI) (5). In these patients
residual high platelet reactivity (HPR) after clopidogrel has

een associated with increased cardiovascular events both
eriprocedural (6) and at long-term follow-up (7,8). Several
echanisms have been described for the suboptimal platelet

esponse to clopidogrel, including genetic, cellular, and clinical
actors (9). In addition, baseline platelet reactivity is a strong
redictor of platelet response to clopidogrel (10). Given that

baseline platelet reactivity is
higher in patients with more dif-
fuse vascular atherosclerosis, the
potential relationship between re-
sidual platelet reactivity after clo-
pidogrel and extent and severity of
coronary atherosclerosis has not
yet been investigated.

In the present study, we tested
the hypothesis that residual
platelet reactivity after clopi-
dogrel correlates with the extent
and severity of coronary athero-
sclerosis in stable angina patients
at the occasion of PCI. In addi-
tion, we evaluated whether higher
residual platelet reactivity after
clopidogrel might partly account

or an unfavorable periprocedural outcome in patients with
ore extensive coronary atherosclerosis.

ethods

atient population and study protocol. We prospectively
nrolled 338 patients undergoing PCI for stable angina or a
ositive functional test and presence of an angiographic
ignificant stenosis (diameter stenosis �50%) in at least 1
ative coronary artery. Patients were excluded who had an
cute coronary syndrome in the previous month, elevated
yocardial necrosis markers before the procedure, throm-

ocytopenia (platelet count �100,000/l), left ventricular
jection fraction �30%, high bleeding risk, allergy to
hienopyridines, PCI for chronic total occlusions, and le-
ions with extensive calcifications requiring rotational
therectomy. All patients received standardized antiplatelet

bbreviations
nd Acronyms

NOVA � analysis of
ariance

I � confidence interval

PR � high platelet
eactivity

I � myocardial infarction

VD � multivessel disease

R � odds ratio

CI � percutaneous
oronary intervention

RU � P2Y12 reactivity unit

VD � single-vessel disease

SL � total stent length
herapy with clopidogrel 600 mg and aspirin 500 mg i
oading doses at least 12 h before PCI, irrespective of the
ngoing antiplatelet therapy. Of note, there was no signif-
cant difference in chronic thienopyridine therapy among
atients with single-vessel disease (SVD) and multivessel
isease (MVD) (24% vs. 26%, p � 0.617). The local ethics
ommittee approved the study, and written informed con-
ent was obtained from all the included patients.

Technicalities of the procedure, including use of drug-
luting stents and glycoprotein IIb/IIIa inhibitors, were left
o the operator’s discretion. Heparin was administrated to
chieve an activated clotting time of 250 to 300 s. Proce-
ural success was defined as a reduction of stenosis to �30%
esidual narrowing.

Platelet reactivity after clopidogrel was assessed in the
atheterization laboratory by the VerifyNow P2Y12 assay
Accumetrics, San Diego, California) immediately before
CI (and, where appropriate, before the administration of
lycoprotein IIb/IIIa inhibitors). Blood was collected from
he femoral artery immediately after sheath placement. The
rst 5 ml of blood were discarded, then samples were
ollected in 2-ml tubes containing 3.2% sodium citrate.
erifyNow P2Y12 is a validated point-of-care assay specif-

cally assessing clopidogrel effects on P2Y12 receptor by
ptical turbidimetry (11,12). Specific cartridges contain
0-�mol adenosine diphosphate, which activates platelets
y binding P2Y1 and P2Y12 receptors, and 22-nmol
rostaglandin E1 (PGE-1), which increases assay specificity
y suppressing P2Y1-induced intraplatelet signaling. Acti-
ated platelets agglutinate around fibrinogen-coated poly-
tyrene beads, therefore increasing light transmittance
hrough the sample. Results are reported as P2Y12 reactivity
nits; the lower the P2Y12 reactivity unit (PRU) value, the
igher the platelet aggregation inhibition by clopidogrel.
nd points. The primary end point of the study was the
orrelation between extent of atherosclerotic coronary artery
isease and residual platelet reactivity after clopidogrel.
resence of MVD (defined as coronary artery stenosis
50%, as assessed by quantitative coronary angiography, in

t least 2 major epicardial coronary arteries) and total length
f the implanted stents were considered as surrogate mark-
rs of atherosclerosis extension and severity, as previously
escribed (13).
The secondary end point was to assess whether HPR, as

efined by a PRU value �240, in the context of a more
xtensive atherosclerosis, might partly account for the
eriprocedural MI. Periprocedural MI was defined as a
ost-procedural Troponin-T increase more than 3 times the
9th percentile of the upper reference limit (14).
tatistics. Statistical analysis was performed with SPSS
ersion 15.0 software (SPSS, Inc., Chicago, Illinois). The
ypothesis of the study is that patients with MVD present
15% increase in PRU as compared with patients with SVD
fter 600-mg clopidogrel loading dose. Assuming a 50%

ncidence of MVD, we calculated that at least 153 patients
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hould be included in each group (alpha 0.05, statistical
ower 0.80). Continuous variables are expressed as mean �
D. Categorical variables are reported as frequencies and
ercentages. Normality of PRU distribution among the
hole population was confirmed by Kolmogorov-Smirnov

est. Student t test was used to compare continuous vari-
bles. The PRU values within total stent length (TSL) tertiles
nd patients with 1-, 2-, or 3-vessel disease were compared
ith 1-way analysis of variance (ANOVA) with Bonferroni

orrection for multiple testing. Comparisons between categor-
cal variables were evaluated with 2-tailed Fisher exact test or
earson’s chi-square test, as appropriate. All clinical and
rocedural variables that showed a significant univariate asso-
iation with periprocedural MI (p � 0.05) were entered in a
ultivariable logistic regression model. Statistical significance
as defined as a p value �0.05.

esults

total of 338 patients were enrolled in the study, 185 (55%)
ith SVD and 153 with MVD. Among patients with
VD, 97 (63%) presented with 2-vessel disease and 56

Table 1. Clinical and Procedural Features

Overall Group (n � 33

Age, yrs 67 � 10

Male sex 274 (81)

Diabetes 124 (37)

Smoking 65 (19)

Hypertension 242 (72)

Dyslipidemia 250 (74)

Body mass index, kg/m2 28.0 � 4.1

LVEF, % 60 � 13

Previous MI 85 (25)

Aspirin 338 (100)

Beta-blockers 109 (32)

ACE-inhibitors/ARB 269 (80)

Statins 251 (74)

Proton pump inhibitors 88 (26)

CRP, mg/dl 0.61 � 0.69

LAD 192 (48)

LCx 91 (23)

RCA 117 (29)

B2/C lesions 178 (53)

Multivessel PCI 59 (18)

Use of drug-eluting stent 144 (43)

Direct stenting 125 (37)

Stents implanted/patient, n 1.62 � 0.86

Total stent length, mm 28 � 17 (8–117)

Glycoprotein IIb/IIIa inhibitors 4 (1)

Values are mean � SD, n (%), or mean � SD (range).

ACE � angiotensin-converting enzyme; ARB � angiotensin recepto

artery; LCx � left circumflex coronary artery; LVEF � left ventricular
intervention; RCA � right coronary artery; SVD � single-vessel disease.
37%) had 3-vessel disease. Main clinical and procedural
eatures are shown in Table 1. Left ventricular ejection
raction was lower and previous MI more common in
atients with MVD. C-reactive protein was higher in
atients with MVD as compared with SVD patients. No
ignificant differences between the 2 groups were observed
ith respect to other risk factors and ongoing medical

herapy. Time from clopidogrel to procedure was similar in
he 2 study groups (13 � 1 in SVD patients, and 13 � 1 in

VD patients, p � 0.898).
Procedural characteristics were comparable between the 2

roups, except for higher number of stents implanted and a
onger TSL in the MVD group. In the latter group, 59
39%) patients underwent multivessel PCI.
RU and extent of atherosclerosis. Mean PRU value in the
verall population was 205 � 80. Patients with MVD
howed significantly higher mean value of PRU compared
ith subjects with SVD (222 � 85 vs. 191 � 73; p �
.001). The PRU values progressively increased with num-
er of diseased coronary arteries (1-vessel disease: 191 � 73;
-vessel disease: 220 � 88; 3-vessel disease: 226 � 80; p �

SVD (n � 185) MVD (n � 153) p Value

66 � 10 68 � 10 0.068

147 (79) 127 (83) 0.686

63 (34) 61 (40) 0.269

34 (18) 31 (20) 0.662

132 (71) 110 (72) 0.912

137 (74) 113 (74) 0.967

28.3 � 4.1 27.7 � 4.0 0.366

61 � 13 57 � 12 0.004

34 (18) 51 (33) 0.002

185 (100) 153 (100) 1.000

54 (29) 55 (36) 0.186

143 (77) 126 (82) 0.251

134 (72) 117 (76) 0.399

50 (27) 38 (25) 0.648

0.47 � 0.49 0.75 � 0.83 0.003

88 (48) 104 (48) 0.872

46 (25) 45 (21) 0.349

51 (28) 66 (31) 0.493

92 (50) 86 (56) 0.235

— 59 (39) —

82 (44) 62 (41) 0.482

67 (36) 58 (37) 0.748

1.49 � 0.84 1.79 � 0.85 0.002

26 � 17 (8–112) 32 � 17 (9–117) 0.002

1 (1) 3 (2) 0.229

rs; CRP � C-reactive protein; LAD � left anterior descending coronary

fraction; MVD � multivessel disease; PCI � percutaneous coronary
8)

r blocke

ejection
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.002 for ANOVA; p � 0.013 for 1-vessel disease vs.
-vessel disease; p � 0.012 for 1-vessel disease vs. 3-vessel
isease) (Fig. 1A). In addition, a significantly higher PRU
as also detected in patients in the third TSL tertile

ompared with those in the first tertile (217 � 83 vs. 191 �
3; p � 0.048; p � 0.048 for ANOVA) (Fig. 1B).
PR and extent of atherosclerosis. Incidence of residual
PR in the entire population was 30%, and it was most

requently observed among patients with MVD (40.5% vs.
1.6% in patients with SVD; odds ratio [OR]: 2.47, 95%
onfidence interval [CI]: 1.53 to 3.98, p � 0.001). Patients
ith 3-vessel disease presented the highest incidence of
PR (42.9% in 3-vessel disease, 39.2% in 2-vessel disease,

nd 21.6% in 1-vessel disease; p for trend � 0.001) (Fig.
A). Likewise, individuals in the third TSL tertile had
ignificantly higher incidence of HPR compared with those
n the first tertile (35.8% vs. 22.2%, respectively; OR: 1.96,
5% CI: 1.07 to 3.57, p � 0.028) (Fig. 2B).
PR and periprocedural MI. Periprocedural MI occurred in
05 patients (31% of the overall population). Patients with

Figure 1. Correlation Between Extent of Coronary Atherosclerosis and Plat

Distribution of P2Y12 platelet reaction units (PRU) according to the number of
25th to the 75th percentile, with a line at the 50th percentile (median). Whisk

Figure 2. Correlation Between Extent of Coronary Atherosclerosis and High

Incidence of high platelet reactivity (HPR) (%) according to the number of dise

disease.
PR had periprocedural MI more frequently (41.2 vs. 26.7
n subjects without HPR; OR: 1.92, 95% CI: 1.18 to 3.13,
� 0.008) (Fig. 3A). Furthermore, periprocedural MI was

ignificantly more frequent in patients in the third TSL
ertile compared with those in the first tertile (37.7% vs.
3.1%, respectively; OR: 2.01, 95% CI: 1.11 to 3.65, p �
.020) (Fig. 3B). By univariate analysis, presence of diabe-
es, HPR, MVD, and TSL values in the third tertile versus
rst tertile showed a significant correlation with peripro-
edural MI. By multivariate analysis (including only

VD as a marker of coronary atherosclerosis extent),
PR was the only independent predictor of periproce-

ural MI (p � 0.043) (Table 2).

iscussion

his prospective study conducted in patients with stable
ngina at the occasion of PCI showed a significant correla-
ion between extent of coronary atherosclerosis and residual
latelet reactivity after clopidogrel administration. In addi-

eactivity After Clopidogrel

sed vessels (A) and total stent length tertiles (B). Boxes extend from the
ow the highest and the lowest value. T � tertile; VD � vessel disease.

dual Platelet Reactivity After Clopidogrel

essels (A) and to the tertiles (T) of total stent length (B). VD � vessel
elet R

disea
Resi
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ion, patients with MVD demonstrated an increased rate of
PR, which was confirmed also in our study as the

trongest predictor of periprocedural MI.
ole of platelets in vascular atherosclerosis. Platelets are
ctively involved in vascular atherosclerosis (1,2,15). Pa-
ients with stable coronary artery disease have increased
latelet reactivity and circulating monocyte-platelet aggre-
ates (16), which also have been demonstrated early markers
f acute MI (17). In addition, platelet reactivity is progres-
ively increased as a function of the number of vascular
istricts involved by atherosclerosis (cerebral, cardiac, pe-
ipheral) (3). Our findings extend these observations, show-
ng that the higher baseline platelet reactivity observed in
atients with more diffuse coronary atherosclerosis results
lso in higher platelet reactivity after clopidogrel. This
elationship between coronary atherosclerosis extent and
latelet reactivity after clopidogrel was found significant for
oth parameters used to evaluate coronary atherosclerotic
urden (i.e., number of diseased vessels and TSL).
ascular atherosclerosis and variability in platelet response
fter clopidogrel. A large variability in platelet response to
lopidogrel has been described, ranging from patients with
igh (so-called “low-responders”) to low residual platelet
eactivity (9). Optimal platelet inhibition is crucial in
atients undergoing PCI, as suggested by the fact that
atients with low response to clopidogrel present higher risk
f recurrent ischemic events (18). Different studies have
imed at identifying low-responders to clopidogrel, sup-
orting the use of a simple and readily available point-of-

Figure 3. Periprocedural MI

Incidence of periprocedural myocardial infarction (MI) according to presence o

Table 2. Multivariate Analysis: Predictors of Periprocedural MI

Odds Ratio 95% Confidence Interval p Value

HPR 1.684 1.016–2.789 0.043

Diabetes 1.525 0.943–2.466 0.085

MVD 1.507 0.934–2.432 0.093
iHPR � high platelet reactivity; MI � myocardial infarction; MVD � multivessel disease.
are assay, VerifyNow P2Y12. In the present study, we
dopted a PRU value �240 at the VerifyNow assay as a
hreshold to define HPR patients “low responders” after
lopidogrel. This value has been previously demonstrated as
ptimal cutoff to discriminate those patients undergoing
CI at higher risk of major adverse cardiovascular events

6). We found significant correlation between HPR and
xtension/severity of coronary atherosclerosis. In particular,
igher incidence of HPR was observed in those patients
ith MVD or higher TSL. Our data are in agreement with
ndings of Angiolillo et al. (19), who also observed higher
SL in patients “low responder” to clopidogrel undergoing

lective PCI, loaded with 300-mg clopidogrel before PCI.
n contrast, Gurbel et al. (10) showed significantly higher
SL in patients who are good responders. This discrepancy

n the latter study might be explained by the fact that
lopidogrel was administered after PCI and by the smaller
therosclerotic burden as compared with that of our patients
e.g., shorter lesion length, lower percent of B2/C lesions,
ower stent/patient ratio). TSL, as surrogate of atheroscle-
osis extension, is of limited use if not paralleled by
ngiographic estimation of coronary severity. In this situa-
ion, in fact, procedural factors (like edge dissections,
perator’s choice, and so forth) might be predominant in
etermining final TSL.
PR and periprocedural MI. Coronary manipulation and
ide branch occlusion are known determinants of peripro-
edural MI in patients undergoing elective PCI (20).
everal studies have clearly shown a direct relationship
mong the implantation of multiple stents, total length of
tents implanted, and periprocedural outcome (21–23).
atients with MVD are expected, in view of the more
xtensive coronary manipulation, to present higher risk of
eriprocedural myonecrosis, as confirmed also in our study
here a higher rate of periprocedural MI was observed in
atients in the highest tertile of TSL compared with those

platelet reactivity (HPR) (A) and to the tertiles (T) of total stent length (B).
n the lowest tertile. Yet, the higher rate of HPR found in
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ur MVD patients suggests that suboptimal platelet inhi-
ition in this clinical setting might at least in part be
esponsible for the higher risk of periprocedural MI. In fact,
e confirmed HPR as the strongest predictor of periproce-
ural MI, as also previously shown (6,24). This is further
orroborated by the recent demonstration that increased risk
f periprocedural MI observed in the highest TSL quartile
an be largely mitigated by a more aggressive platelet
nhibition with eptifibatide to the level observed in patients
n the lowest TSL quartile (23).
tudy limitations. By study design, only patients with stable
ngina were enrolled; therefore our results are not applicable
o patients with acute coronary syndromes. No clinical
ollow-up of the patients is available.

Coronary atherosclerosis severity and extension have been
valuated by the presence of coronary artery stenosis �50%
nd/or total length of the implanted stents. This latter has
een described as a valid surrogate of total lesion length
13). We cannot exclude that actual final stent length has
een slightly overestimated by stent overlapping.

onclusions

atients with more extensive coronary atherosclerosis have a
igher rate of HPR, which might partly account for higher
isk of periprocedural MI, advocating the need for more
ggressive platelet inhibition in this clinical setting.
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