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The purpose of the present study was to evaluate the correlations between high platelet 
reactivity (HPR) and the extent of coronary atherosclerosis and periprocedural my-
onecrosis in patients with acute coronary syndrome (ACS) who underwent percuta-
neous coronary intervention (PCI). A total of 485 patients who underwent PCI for ACS 
was studied. HPR was defined as ≥230 platelet reactivity units (PRU) in point-of-care 
P2Y12 tested by the VerifyNow assay. The incidence of multi-vessel disease (MVD) was 
higher in patients with HPR than those with no HPR (56.2% vs 45.8%, p=0.023). PRU 
values progressively increased with the number of diseased coronary arteries (1-vessel 
disease 221.8±86.7; 2-vessel disease 239.3±90.1; 3-vessel disease 243.4±84.5; p=0.038 
by ANOVA). Multivariate analysis revealed that HPR was independently associated 
with MVD (Odds ratio 1.48, 95% confidence interval 1.01-2.25, p=0.048). Patients with 
periprocedural myonecrosis showed significantly higher PRU values compared with 
those without myonecrosis (258.6±94.5 vs. 228.5±85.6, p=0.013). Multivariate analysis 
revealed that HPR was an independent predictor for periprocedural myonecrosis as 
defined as any creatine kinase-myocardial band isoenzyme elevation or troponin T 
elevation. In conclusion, HPR is associated with MVD and periprocedural myonecrosis 
in patients with ACS and PCI. Thus, platelet reactivity after treatment with clopidogrel 
might be associated not only with blood clot formation but also with increased coronary 
atherosclerotic burden.
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INTRODUCTION

Platelet P2Y12 receptor inhibitor non-responsiveness, 
characterized as high on-treatment platelet reactivity 
(HPR), has been shown to be correlated with adverse car-
diovascular events after acute coronary syndrome (ACS) 
and percutaneous coronary intervention (PCI).1-4 Platelet 
activation and aggregation in response to endothelial in-
jury, such as plaque rupture or stenting, is responsible for 
intracoronary blood clot formation, leading to ischemic 
heart disease. Moreover, growing evidence suggests that 
platelets are also important mediators of inflammation 
and play a central role in atherogenesis itself.5,6 Therefore, 

HPR is not only associated with myocardial infarction (MI) 
or stent thrombosis, but may also be associated with in-
creased coronary atherosclerotic burden. However, the po-
tential relationship between residual platelet reactivity af-
ter clopidogrel treatment and the extent and severity of cor-
onary atherosclerosis has not been widely investigated.

Therefore, we conducted an observational study involv-
ing consecutive ACS patients who underwent PCI. The 
purpose of the present study was to evaluate the correlation 
between HPR and the extent and severity of coronary 
atherosclerosis. In addition, we evaluated whether HPR af-
ter clopidogrel might account for an unfavorable periproce-
dural outcome in patients with ACS who underwent PCI.
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TABLE 1. Baseline characteristics 

Characteristics HPR (n=260) No HPR (n=225) p-value

 Age (years) 66.1±11.7 60.7±10.5 ＜0.001
 Male (%) 140 (53.8) 181 (80.4) ＜0.001
 Hypertension (%) 176 (67.7) 110 (48.9) ＜0.001
 Diabetes mellitus (%) 80 (30.8) 63 (28.0) 0.505
 Current smoker (%) 78 (34.7) 55 (21.2) 0.001
MI presentation (%) 63 (24.3) 59 (26.2) 0.614
Previous PCI (%) 10 (3.8) 11 (4.9) 0.574
Previous ischemic stroke (%) 21 (8.1) 7 (3.1) 0.019
Ejection fraction (%) 58.0±11.5 58.5±11.9 0.671
Baseline laboratory variables

WBC count (/L) 7,977.1±2,770.5 8,048.7±3,380.4 0.798
Hemoglobin (g/dL) 13.3±1.7 14.6±1.7 ＜0.001
Platelet count (103/L) 225.4±57.5 224.3±63.5 0.849
Serum creatinine (mg/dL) 0.96±0.61 0.98±0.64 0.770
hsCRP (mg/L) 5.6±11.7 5.5±15.2 0.923
LDL-cholesterol (mg/dL) 115.0±41.6 112.2±36.5 0.443
BNP (pg/mL) 388.9±1,121.8 175.5±480.1 0.011
Creatine kinase (IU/L) 197.0±354.5 189.1±327.4 0.800
CK-MB (ng/mL) 14.5±35.9 9.7±18.5 0.067
Troponin T (mg/mL) 0.20±0.70 0.24±1.45 0.667
Platelet reactivity unit 296.9±52.1 157.2±52.4 ＜0.001

In-hospital medications
Aspirin (%) 260 (100) 224 (99.6) 0.464
ACEI/ARB (%) 233 (89.6) 204 (90.7) 0.699
Beta blocker (%) 196 (75.4) 174 (77.3) 0.615
Statins (%) 259 (99.6) 225 (100) 1.000

MI: myocardial infarction, PCI: percutaneous coronary intervention, WBC: white blood cell, hsCRP: high-sensitivity C-reactive protein,
LDL: low density lipoprotein, BNP: brain natriuretic peptide, CK-MB: creatine kinase myocardial band isoenzyme, ACEI: angiotensin
converting enzyme inhibitor; ARB: angiotensin II receptor blocker.

MATERIALS AND METHODS

1. Study population
We analyzed a single center, consecutive non-ST seg-

ment elevation ACS and PCI cohort from December 2012 
to August 2014. During the study period, 600 consecutive 
patients were recruited and followed-up during their clin-
ical course to document patient characteristics, acute ther-
apy, PCI data, and hospital outcomes. Exclusion criteria 
were patients with ST segment elevation MI, the use of oth-
er P2Y12 inhibitors instead of clopidogrel, chronic clopi-
dogrel therapy, use of glycoprotein IIb/IIIa inhibitors, pre-
vious coronary artery bypass surgery, concomitant proton 
pump inhibitor use, or lack of laboratory data including pla-
telet reactivity unit (PRU). As a result, 485 patients were 
analyzed. All patients provided informed consent for the 
processing of their anonymous data, according to a protocol 
approved by the Institutional Review Boards of Wonkwang 
University Hospital.

2. Percutaneous coronary intervention
In all patients, aspirin (300 mg/day) and clopidogrel (300 

mg/day) were loaded before the procedure. An intravenous 
bolus of 5,000 U of unfractionated heparin was given, and 

then additional heparin boluses were given to maintain ac-
tivated clotting time ＞300 s during the procedure. 
Coronary angiography and stent implantation were per-
formed using standard interventional techniques. Aspirin 
(100 mg/day), clopidogrel (75 mg/day) and statins were pre-
scribed to all patients after the procedure.

The occurrence of angiographic complications during 
PCI, including side branch occlusion, slow or no reflow, ma-
jor dissection, and distal embolization were recorded. 
Creatine kinase-myocardial band isoenzyme (CK-MB) and 
troponin T were measured before, at 6 hours, 24 hours and 
48 hours after PCI. Additional samples were obtained if the 
patients showed signs or symptoms of myocardial ischemia.

3. Assessment of platelet reactivity
Platelet reactivity after successful PCI was assessed by 

VerifyNow P2Y12 assays (Accumetrics, San Diego, CA, 
USA). Blood samples were taken to measure platelet re-
activity at 48 h after 300 mg clopidogrel loading. A washout 
period was required if platelet glycoprotein IIb/IIIa in-
hibitors were used, and thus no patients receiving glyco-
protein IIb/IIIa inhibitor were enrolled. VerifyNow P2Y12 
baseline reactivity, PRU, and P2Y12 percent inhibition 
were measured to assess platelet function. In this study, 
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TABLE 2. Coronary angiographic and procedural characteristics

HPR  (n=260) No HPR (n=225) p-value

Coronary lesion (%)
1 vessel disease 114 (43.8) 122 (54.2) 0.035
2 vessel disease 95 (36.5) 59 (26.2)
3 vessel disease 51 (19.6) 44 (19.6)
Left main disease 27 (10.4) 17 (7.6) 0.279

Multivessel disease (%) 146 (56.2) 103 (45.8) 0.023
Gensini score 51.6±32.3 49.2±33.5 0.508
ACC/AHA B2/C lesion (%) 234 (90.0) 193 (85.8) 0.153
Calcification (%) 45 (17.3) 29 (12.9) 0.177
Bifurcation (%) 58 (22.3) 65 (28.9) 0.097
Thrombus (%) 11 (4.9) 4 (1.5) 0.038
Multivessel PCI (%) 91 (35.0) 60 (26.7) 0.048
Type of stent (%)

Everolimus eluting stent 195 (75.0) 166 (73.8) 0.758
Zotarolimus eluting stent 52 (20.0) 52 (23.1) 0.405
Biolimus eluting stent 15 (5.8) 23 (10.2) 0.069

Stent number per patient 1.6±0.8 1.5±0.7 0.040
Stent diameter (mm) 3.1±0.4 3.1±0.3 0.285
Total stent length (mm) 43.6±25.8 40.7±22.9 0.187
Procedural complications (%)

Slow flow 2 (0.8) 2 (0.9) 1.000
Distal embolization 1 (0.4) 0 (0.0) 1.000
Side branch occlusion 3 (1.2) 2 (0.9) 1.000
Dissection 2 (0.8) 0 (0.0) 0.502
Total 8 (3.1) 4 (1.8) 0.397

ACC/AHA: American College of Cardiology/American Heart Association lesion classification, PCI: percutaneous coronary intervention.

platelet reactivity ≥230 PRU was defined as HPR.7

4. End points
The primary end point of the study was the correlation 

between the extent of atherosclerotic coronary artery dis-
ease (defined as coronary artery stenosis ＞50% in major 
epicardial vessel and branch) and HPR. 

The secondary end point was the occurrence of periproce-
dural myonecrosis, defined as any increase of cardiac bio-
markers above the upper limit of normal or ≥20% increase 
of elevated baseline value.8 Other secondary end points in-
cluded periprocedural MI, defined as a postprocedural in-
crease of CK-MB over 3 times higher the normal upper limit 
in patients with normal baseline enzyme levels. In patients 
with elevated baseline levels of CK-MB, MI was defined as 
a subsequent increase that was more than 3 times greater 
than the baseline CK-MB value and an additional increase 
in a second sample.

5. Statistical analysis
All measurements were represented as mean±standard 

deviation or absolute number (percentage). Inter-group 
analysis was performed using independent t-test and 2 
test, which were conducted using SPSS 19.0 for Window 
(SPSS Inc., Chicago, IL). The hypothesis of the study was 
that patients with multi-vessel disease (MVD) would pres-
ent a 15% greater incidence in the HPR group as compared 

with patients with single-vessel disease (SVD) after clopi-
dogrel loading. Assuming a 50% incidence of MVD, we cal-
culated that at least 153 patients should be included in each 
group to provide 80% power to detect between group differ-
ences, with a two-sided alpha of 0.05.9 All clinical and proce-
dural variables that showed a significant univariate asso-
ciation with MVD and periprocedural myonecrosis (p
＜0.1) were entered in a multivariable logistic regression 
model. For continuous variables, the first or third tertile 
was used as the cut-off point in logistic regression analysis. 
Statistical significance was set at p＜0.05.

RESULTS

1. Baseline characteristics
The mean PRU value in the overall population was 

232.1±87.1, and 260 patients (53.6%) showed HPR (PRU 
≥230). About 25% of patients presented as MI (non-ST seg-
ment elevation MI). Patient characteristics, according to 
HPR, are shown in Table 1. HPR was observed more com-
monly in elderly patients, female patients, current smok-
ers, and in patients with previous ischemic stroke. HPR 
was associated with low hemoglobin and high brain natriu-
retic peptide levels.

2. HPR and extent of coronary artery disease
The incidence of MVD was higher in patients with HPR 
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FIG. 1. Associations between platelet reactivity units (PRUs) and coronary artery disease. SVD: single-vessel disease, MVD: multivessel
disease, 1VD: 1-vessel disease, 2VD, 2-vessel disease, 3VD: 3-vessel disease.

TABLE 3. Multivariate analysis for prediction of multivessel dis-
ease

OR 95% CI p

Serum creatinine ＞1.0 mg/dL 1.54 1.03-2.31 0.035
High platelet reactivity 1.48 1.01-2.25 0.048
Age ＞65 years 1.41 0.95-2.04 0.082
Anemia* 1.35 0.91-2.00 0.115
Previous ischemic stroke 1.87 0.81-4.15 0.129
Diabetes mellitus 1.32 0.89-1.97 0.168

*Anemia defined as hemoglobin ＜13 g/dL in men, ＜12 g/dL in
women.

than those with no HPR (56.2% vs 45.8%, p=0.023) (Table 
2). Patients with MVD showed significantly higher PRU 
values compared with those with SVD (241.9±86.6 vs. 
221.8±86.7, p=0.011; Fig. 1). The PRU values progressively 
increased with number of diseased coronary arteries 
(1-vessel disease 221.8±86.7; 2-vessel disease 239.3±90.1; 
3-vessel disease 243.4±84.5; p=0.038 by ANOVA). 
Multivariate analysis revealed that HPR was in-
dependently associated with MVD (Odds ratio 1.50, 95% 
confidence interval 1.01-2.24, p=0.047; Table 3).

3. HPR and periprocedural myonecrosis
Periprocedural myonecrosis occurred in 58 patients 

(12.0%) based on any CK-MB elevation and in 172 patients 
(35.5%) based on any troponin T elevation. Patients with 
periprocedural myonecrosis showed significantly higher 
PRU values compared with those without myonecrosis 
(258.6±94.5 vs. 228.5±85.6, p=0.013). Regarding CK-MB 
elevation, the incidences of any CKBM elevation (15.0% vs. 
8.4%, p=0.026), 2 times the elevation of CK-MB (5.4% vs. 
2.2%, p=0.073), and 3 times the elevation of CK-MB (2.3% 
vs. 0.4%, p=0.129) were higher in patients with HPR com-
pared with those with no HPR (Fig. 2). Regarding troponin 
T elevation, incidences of any troponin T elevation (40.8% 
vs. 29.3%, p=0.009), 3 times the elevation of troponin T 
(14.2% vs. 7.1%, p=0.012), and 5 times the elevation of tro-
ponin T (10.8% vs. 5.3%, p=0.030) were significantly higher 
in patients with HPR compared with those with no HPR. 
Multivariate analysis revealed that HPR was an in-
dependent predictor for periprocedural myonecrosis as de-
fined as any CK-MB elevation or troponin T elevation 
(Table 4).

DISCUSSION

This study demonstrated that HPR was associated with 
MVD and periprocedural myonecrosis in patients with ACS 
and PCI. Thus, platelet reactivity after clopidogrel treat-
ment was associated not only with blood clot formation but 

also with increased coronary atherosclerotic burden.
Blood platelets actively participate in vascular athero-

sclerosis. In vitro studies demonstrated that interactions 
between activated platelets, leukocytes and endothelial 
cells triggered autocrine and paracrine signals. As a resul, 
leukocyte recruitment occurred at and into the vascular 
wall.10,11 Moreover, with chemical signaling, direct phys-
ical interaction may also support to atherosclerosis, 
through platelet adhesion molecules and platelet granule 
release.12 These processes may contribute to foam cell for-
mation and accelerated atherogenesis. Afek et al. reported 
that antiplatelet therapy could decrease plaque size and 
improved plaque stability in animal models of accelerated 
atherogenesis.6 Therefore, increased platelet reactivity 
may potentiate arterial thrombosis, inflammation, and 
atherosclerotic progression.

HPR has been defined as a high level of platelet reactivity 
that is measured during steady state platelet inhibition af-
ter receiving a loading dose of an antiplatelet agent.13 
Several studies have reported associations between HPR 
and increased atherosclerotic burden. Keating et al.14 dem-
onstrated that platelet reactivity progressively increases 
with the number of vascular beds affected by athero-
sclerosis (cerebral, cardiac, peripheral). Mangiacapra et 
al.9 reported that MVD was associated with an increased 
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TABLE 4. Multivariate analysis for prediction of periprocedural myonecrosis

Any CK-MB elevation Any troponin T elevation

OR 95% CI p OR 95% CI p

High platelet reactivity 2.27 1.14-4.54 0.020 1.81 1.15-2.85 0.010
Age ＞65 years 1.09 0.56-2.09 0.804 1.19 0.76-1.88 0.445
Multivessel disease 1.50 0.67-3.33 0.324 1.26 0.74-2.15 0.394
Stent number ＞1 3.38 0.81-14.16 0.096 1.75 0.61-5.03 0.300
Stent length ＞38 mm 1.17 0.31-4.42 0.815 1.27 0.46-3.54 0.650
Thrombus 1.24 0.14-10.86 0.845 4.41 1.02-19.11 0.047
Serum creatinine ＞1.0 mg/dL 1.05 0.52-2.08 0.901 1.06 0.66-1.70 0.811
BNP ＞106 pg/mL 1.19 0.55-2.57 0.666 1.36 0.80-2.31 0.258
Ejection fraction ＜55% 1.13 0.54-2.39 0.743 2.34 1.41-3.88 0.001

OR: odds ratio, CI: confidence interval, CK-MB: creatine kinase-myocardial band isoenzyme, BNP: brain natriuretic peptide.

FIG. 2. Incidence of periprocedural myonecrosis according to platelet reactivity. HPR, high platelet reactivity, CK-MB: creatine kinase
myocardial band isoenzyme.

rate of HPR in patients with stable angina. Yun et al. dem-
onstrated that HPR was associated with high plaque bur-
dens and high incidences of fibroatheroma in virtual-his-
tology intravascular study.16 Our findings confirmed these 
observations and extended them to ACS patients.

Several mechanisms have been described for the sub-
optimal response to clopidogrel, including genetic, cellular, 
and clinical factors.17 Increased platelet reactivity was 
commonly observed in specific clinical scenarios such as 
ACS, increased body mass index, heart failure, chronic kid-
ney disease and diabetes.13,15 In our study conducted in 
ACS patients, patients with HPR had a higher incidence 
of hypertension, smoking, previous ischemic stroke, and 
anemia compared to that in patients without HPR. These 
results may be caused by different patients’ populations, 
and these different incidences of risk factors according to 
PRU might have contributed to the higher incidence of 
MVD in the HPR group.

In our study, HPR was significantly associated with peri-
procedural myonecrosis, even with different degrees of 
post-procedural cardiac biomarker elevations. Patti et al.18 
reported that HPR (PRU ≥240) was associated with a high-

er incidence of 30-day major adverse cardiac events after 
PCI; this outcome was mainly driven by an increased risk 
of periprocedural MI. In view of the more extensive and 
complex coronary manipulation, patients with MVD might 
be expected to have a higher risk of periprocedural 
myonecrosis. Additionally, higher PRU values were ob-
served in MVD patients, and it suggests that suboptimal 
platelet response to clopidogrel in this clinical setting 
might be responsible for the higher risk of periprocedural 
MI. In fact, our study confirmed the results of previous 
studies which demonstrated that HPR was a strong pre-
dictor of periprocedural myonecrosis.9,19,20

Our study has several limitations. This was single cen-
ter, retrospective study. Clinical follow-ups of the patients 
were not performed, and the long-term clinical significance 
of HPR was not evaluated. However, the relation between 
platelet reactivity and the occurrence of major adverse car-
diac events was already reported, regardless of a specific 
PRU cut-off.7,21,22 Moreover, periprocedural myocardial in-
jury also has been reported as risk factor of major adverse 
events.23 Our study suggested only correlative associa-
tions; the cause-and-effect relationship between platelet 
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reactivity and coronary artery disease burden remains 
theoretical.

In conclusion, HPR was shown to be associated with 
MVD and periprocedural myonecrosis in patients with 
ACS and PCI. It demonstrated the need for more potent an-
tiplatelet strategies in this clinical setting. Further studies 
are required to define the causal mechanisms between pla-
telet reactivity and the development and progression of 
atherosclerosis.
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