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Background: Clopidogrel is one of the most commonly used anti-platelet agents in cardio-
vascular diseases. We analyzed the relationship between the platelet function analyzer 
(PFA)-200 P2Y (INNOVANCE PFA-200 System, Siemens Healthcare, Germany) results 
and occurrence of major adverse cardiac events (MACEs) in Korean patients with recent-
onset acute coronary syndrome (ACS) taking clopidogrel.

Methods: Between August 2013 and June 2016, we prospectively enrolled 106 patients 
with recent-onset ACS who had been treated with clopidogrel. We obtained blood samples 
and measured closure time (CT) using the PFA-200 P2Y test. Patients were divided into 
two groups on the basis of a CT cut-off value of 106 seconds. We compared patient char-
acteristics and various MACEs that occurred during the follow-up period.

Results: The CTs for 78 patients exceeded the cut-off value. At the time of these analyses, 
11 patients had been diagnosed with MACEs. In the time-to-event analysis, there was a 
difference between the two groups (P <0.001). After adjusting other variables associated 
with MACE occurrence, CT value was the strongest predictor of MACEs, with a 7.30-fold 
occurrence risk (P =0.002).

Conclusions: We found a strong relationship between CT and MACE risk in Korean pa-
tients with recent-onset ACS taking clopidogrel. Accordingly, PFA-200 P2Y results could 
be used as a predictive marker for MACE risk in such patients.
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INTRODUCTION

The number of Koreans with cardiovascular disease is increas-

ing because of rapid aging and sociocultural changes such as a 

Westernized diet. In particular, the number of patients with 

acute myocardial infarction (MI) has steadily increased by ap-

proximately 30% over the past five years. This has led to a grad-

ual increase in the economic burden and total cost of medical 

care benefits for patients with this disease [1].

Platelets play an important role in maintaining normal hemo-

stasis via various mechanisms. Malfunction of these mecha-

nisms can result in the formation of pathologic thrombi and 

cause vascular occlusion, leading to cardiovascular disease and 

ischemic stroke [2]. Clopidogrel, one of the most commonly 

used anti-platelet agents in cardiovascular disease, irreversibly 

inhibits ADP binding to platelet purinergic receptor P2Y12 [3]. 
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The use of clopidogrel with acetylsalicylic acid is considered a 

primary therapeutic option for managing patients with recent-

onset acute coronary syndrome (ACS) [4, 5].

However, several studies have reported variable responses to 

clopidogrel in patients with cardiovascular disease [6-8]. De-

spite appropriate medical treatment with clopidogrel, major ad-

verse cardiac events (MACEs) occur in some patients. This in-

ter-individual response variability is often referred to as clopido-

grel resistance [9]. The incidence of MACEs is higher in patients 

with a lower response to clopidogrel than in patients with a nor-

mal or higher response to clopidogrel [10].

Several methods are used to measure platelet function, in-

cluding ADP-induced light transmittance aggregometry, the Ver-

ifyNow P2Y12 assay, Plateletworks, Multiplate analyzer, and the 

VASP assay; each method measures platelet activity using dif-

ferent properties [11, 12]. The platelet function analyzer (PFA)-

200 test (INNOVANCE PFA-200 System; Siemens Healthcare, 

Munich, Germany) is used to evaluate platelet P2Y12 receptor 

blockade in patients treated with a P2Y-receptor antagonist [13]. 

The PFA-200 test involves an easy automated process that re-

quires a short time to obtain the test results. As it is a high-shear 

system using whole blood instead of platelet-rich plasma, it 

mimics the characteristics of physiological platelet function [14]. 

However, only a limited number of studies have used the PFA-

200 P2Y test to measure the effects of clopidogrel. In particular, 

no study has examined the relationship between the PFA-200 

P2Y results and MACEs.

We therefore analyzed the relationship between PFA-200 P2Y 

results and the occurrence of MACEs, including cardiac death, 

MI, restenosis, and ischemic stroke. We also investigated the 

use of PFA-200 P2Y results as a predictor for MACE risk in pa-

tients treated with clopidogrel.

METHODS

1. Study population and patient characteristics
Consecutive patients diagnosed as having ACS in Dong-A Uni-

versity Hospital, Busan, Korea, between August 2013 and June 

2016 were prospectively recruited. The inclusion criterion for 

this study was a diagnosis of ACS, defined as ST elevation MI, 

non-ST elevation MI, and unstable angina. Patients with active 

bleeding, hemodynamic instability, or contraindications for anti-

platelet agents were excluded. All 106 patients received percu-

taneous coronary intervention (PCI) using a loading dose of 

300–600 mg clopidogrel. Patients who had not taken clopido-

grel or aspirin were administered a loading dose of 600 mg 

clopidogrel and 300 mg aspirin. Patients who had taken 75 mg 

clopidogrel and 100 mg aspirin for longer than five days were 

administered a loading dose of 300 mg clopidogrel. For all pa-

tients, the loading dose was administered at least four hours 

prior to PCI, followed by a maintenance dose of 75 mg clopido-

grel. We obtained data on baseline characteristics, including 

age, sex, body mass index (BMI), underlying diseases (diabetes 

mellitus [DM], hypertension, dyslipidemia, and chronic kidney 

disease [CKD]), medical history (previous cerebrovascular acci-

dents, PCI, coronary artery bypass grafting, and MI), lifestyle 

(current alcohol consumption and current smoking status), and 

other administered drugs. Once platelet function tests were per-

formed, the various MACEs that occurred during the follow-up 

period were investigated. Clinical data were obtained from medi-

cal records. This study was approved by the Institutional Review 

Board of Dong-A University Hospital. Informed consent was ob-

tained from patients prior to the collection of blood samples.

2. Platelet function test
Blood samples were obtained at least four hrs after the adminis-

tration of a loading dose of 300–600 mg clopidogrel. Blood sam-

pling was carried out using 21-gauge needles and vacuum tubes 

containing 3.2% sodium citrate. The collection tubes were prop-

erly mixed by gently inverting them three or four times, and 800 

μL of each blood sample was pipetted into the opening of the 

test cartridge. Platelet response to clopidogrel was evaluated us-

ing the PFA-200 P2Y test, performed within two hrs of blood 

sampling. The test measured the closure time (CT; second): the 

time required for the generated platelet plug to completely oc-

clude the central aperture. The maximum measurable CT value 

was 300 seconds. The cut-off value was determined as 106 sec-

onds, according to the manufacturer’s instructions [15]. Patients 

were divided into Group A (N=78; CT value>106 seconds) and 

Group B (N=28; CT value ≤106 seconds).

3. Statistical analysis
Statistical analysis was performed using MedCalc for Windows, 

version 12.7.0.0 (MedCalc Software, Mariakerke, Belgium). 

P <0.05 was considered statistically significant. Normally dis-

tributed data were expressed as mean±standard deviation or 

number with percentage. The χ2 test and Fisher’s exact test 

were used to compare baseline characteristics between the two 

groups. For normally distributed continuous variables, the inde-

pendent t-test was used. The starting point of time-to-event 

analysis was the date of PCI with a loading dose of clopidogrel. 

The end point was the date of MACE occurrence, termination of 
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follow-up, or discontinuation of clopidogrel. The remaining pa-

tients were designated as event-free. Time-to-event outcomes 

were analyzed using the Kaplan-Meier method, and relative risk 

for Group B was estimated with confidence interval (CI). Predic-

tors of MACEs (including CT values) were determined using Cox 

proportional hazards regression analysis and logistic regression 

analysis. Cox proportional hazards regression analysis was con-

ducted using the following variables: PFA-200 P2Y results, BMI, 

underlying diseases, medical history, and lifestyle. Variables 

were included in the multivariate analysis, if their univariate 

analysis P was <0.20. The analyses were based on the as-

sumption that the hazard ratios for variables were proportional 

over time.

RESULTS

Baseline characteristics did not significantly differ between the 

Fig. 1. Closure time (CT) value distribution of the overall group (the 
horizontal line indicates the analytical cut-off value of 106 seconds) 
and both groups separately (the horizontal lines indicate mean val-
ues and error bars indicate 95% confidence intervals). 
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Table 1. Comparison of baseline characteristics of the study groups 							    

Variables Total (N=106)
Group A Group B

P
CT>106 sec (N=78) CT≤106 sec (N=28)

Demographic characteristics
   Age (yr), mean±SD
   Male, N (%)

  
63.4±11.1

77

  
64.2±10.9

56 (71.8)

  
61.1±11.6

21 (75.0)

  
0.208*
0.745†

BMI (kg/m2), mean±SD  24.7±2.9 24.4±2.9 25.5±2.6 0.091*

Underlying diseases
   Diabetes mellitus, N (%)
   Hypertension, N (%)
   Dyslipidemia, N (%)
   Chronic kidney disease, N (%)

  
46
62
32
13

  
31 (39.7)
41 (52.6)
20 (25.6)
9 (11.5)

  
15 (53.6)
21 (75.0)
12 (42.9)
4 (14.3)

  
0.438†

0.306†

0.228†

0.746‡

Medical history
   CVA, N (%)
   PCI, N (%)
   CABG, N (%)
   MI, N (%)

  
5

49
2

28

  
2 (2.6)

35 (44.9)
2 (2.6)

21 (26.9)

  
3 (10.7)

14 (50.0)
0 (0.0)
7 (25.0)

  
0.132‡

0.780†

1.000‡

0.880†

Lifestyle
   Current alcohol intake, N (%)
   Current smoking, N (%)

  
20
23

  
15 (19.2)
18 (23.1)

  
5 (17.9)
5 (17.9)

  
0.895†

0.643†

Medication
   ACEI or ARB, N (%)
   Beta-blocker, N (%)
   Calcium channel blocker, N (%)
   Diuretics, N (%)
   Alpha-blocker, N (%)
   Nitrate, N (%)
   Statin, N (%)

  
27
42
60
19
3

58
73

  
15 (19.2)
33 (42.3)
40 (51.3)
15 (19.2)
3 (3.8)

39 (50.0)
51 (65.4)

  
12 (42.9)
9 (32.1)

20 (71.4)
4 (14.3)
0 (0.0)

19 (67.9)
22 (78.6)

  
0.069†

0.529†

0.346†

0.779‡

0.568‡

0.392†

0.587†

Calculated using an *independent t-test, †chi-squared test, and ‡Fisher’s exact test. 							     
Abbreviations: CT, closure time; BMI, body mass index; CVA, cerebrovascular accident; PCI, percutaneous coronary intervention; CABG, coronary artery by-
pass grafting; MI, myocardial infarction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Table 2. Characteristics of patients who experienced MACEs during the follow-up period		

Age (yr) Sex Diagnosis (ACS) Underlying disease and medical history CT (sec) Group MACE Follow-up period (day)

57 F NSTEMI DM, HTN, CKD, previous PCI, previous MI 300 A MI 259

56 F UA DM, previous PCI 260 A MI 264

65 M UA Dyslipidemia, previous PCI, previous MI 300 A MI 406

52 M UA HTN 300 A MI 518

64 M NSTEMI DM, HTN, dyslipidemia, CKD 57 B ischemic stroke 5

78 M UA DM, HTN, CKD, CHF, previous PCI, previous MI 98 B MI 19

61 F UA DM, HTN, dyslipidemia 89 B ischemic stroke 33

74 F UA HTN, previous PCI 52 B restenosis 82

64 M NSTEMI DM, HTN, CHF, previous PCI 74 B MI 284

44 M UA Dyslipidemia, CHF, neurofibromatosis, previous PCI 35 B MI 336

73 F UA HTN, previous CVA, previous PCI 52 B MI 497

Abbreviations: ACS, acute coronary syndrome; CT, closure time; MACE, major adverse cardiac event; NSTEMI, non-ST elevation myocardial infarction; DM, 
diabetes mellitus; HTN, hypertension; CKD, chronic kidney disease; UA, unstable angina; CHF, congestive heart failure; PCI, percutaneous coronary inter-
vention; MI, myocardial infarction; CVA, cerebrovascular accident.

Fig. 2. Kaplan-Meier cumulative event-free curves for Group A (clo-
sure time value >106 seconds) and Group B (closure time value 
≤106 seconds). Each event is indicated by arrows.
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Table 3. Cox proportional hazards regression analysis of CT and 
other predictors of MACE occurrence 	

Variables
Univariate Multivariate

OR (95% CI) P OR (95% CI) P

PFA-200 P2Y test
   CT ≤106 (sec)

  
6.77 (1.98–23.12)

  
0.002

  
7.30 (2.07–25.82)

  
0.002

BMI (kg/m2)
   23.0–24.9
   ≥25.0

  
2.06 (0.42–10.19)
0.74 (0.12–4.39)

  
0.377
0.74

    

Underlying disease
   Diabetes mellitus
   Hypertension
   Dyslipidemia
   Chronic kidney disease

  
1.65 (0.51–5.38)
2.23 (0.59–8.36)
1.49 (0.44–5.06)
6.13 (1.58–23.88)

  
0.409
0.237
0.526
0.009

  
  
  
  
6.72 (1.61–28.04)

  
  
  
  
0.009

Medical history
   CVA
   PCI
   CABG
   MI

  
2.26 (0.29–17.56)
3.17 (0.85–11.87)
0.00 (0.00–N/A)
1.14 (0.31–4.29)

  
0.438
0.089
0.964
0.842

  
  
2.44 (0.65–9.19)
  
  

  
  
0.189
  
  

Lifestyle
   Current alcohol intake
   Current smoking

  
0.36 (0.05–2.75)
0.29 (0.04 - 2.24)

  
0.325
0.237

  
  
  

  
  
  

Variables were included in multivariate analysis if their univariate analysis P 
was <0.20.
Abbreviations: CT, closure time; OR, odds ratio; CI, confidence interval; BMI, 
body mass index; CVA, cerebrovascular accident; PCI, percutaneous coro-
nary intervention; CABG, coronary artery bypass grafting; MI, myocardial in-
farction.

two groups (Table 1). In Group A, the CT values of 68 patients 

were over the measurable upper limit of 300 seconds, while that 

of the other 10 patients were within the measurable range (171.5± 

55.3 seconds). The mean CT value of Group B was 68.9±17.5 

seconds (Fig. 1).

During this study, MACEs occurred in 11 (four Group A and 

seven Group B) patients (Table 2). The remaining patients were 

event-free at the time of analysis. The median follow-up period 

of the 106 patients was 493 days (range: five days to three 

years). The MACE incidence rate was higher in Group B (25.0%) 

than in Group A (5.1%; P =0.009). During the follow-up period, 

two patients were transferred to other hospitals and another two 
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patients expired from other causes (non-small cell lung cancer 

and biliary sepsis). A total of 16 patients discontinued clopido-

grel treatment. Mild bleeding occurred in seven patients of 

Group A, while there were no bleeding complications in Group 

B. These seven patients complained of episodic easy bruising 

or brief localized bleeding. Their mean CT value was 300 sec-

onds (Table 2).

Time-to-event analysis using the Kaplan-Meier method showed 

a difference between the two groups (P <0.001). The estimated 

relative risk for Group B was 6.65 (95% CI: 1.55–28.48). The 

Kaplan-Meier cumulative event-free curves for the two groups 

are shown in Fig. 2. 

The analysis showed that the significant covariates were CT 

value and presence of CKD. In the multivariate regression analy-

sis, other factors had relatively low odd ratios. Results of the Cox 

proportional hazards regression analysis using the enter method 

are summarized in Table 3.

DISCUSSION

We evaluated response to clopidogrel, using the PFA-200 test. 

Many clinical factors could lead to a suboptimal response to 

clopidogrel. Baseline platelet reactivity can increase under spe-

cific conditions such as ACS, high BMI, and DM, in particular, 

type 1 DM [16-19]. Individual differences in clopidogrel uptake 

rate and the degree of conversion into active metabolites can 

cause response variability to clopidogrel [20]. Drug interactions 

are also important factors to consider. A number of studies have 

reported that clopidogrel-induced anti-platelet effects are hin-

dered by lipid-soluble statins, which depend on CYP3A4-medi-

ated metabolism [21, 22]. Other studies, however, have indi-

cated that lipid-soluble statins do not negatively correlate with 

the anti-platelet effects of clopidogrel [23].

Response variability to clopidogrel is clinically significant. Its 

underlying mechanisms have not yet been fully elucidated [9], 

but are likely to be multifactorial. Hence, it is necessary to inves-

tigate whether patient baseline characteristics could have af-

fected the present results. We found no statistically significant 

differences between the two groups for all baseline characteris-

tics.

We demonstrate that a CT value <106 seconds was a strong 

predictor of MACE occurrence. Furthermore, CT value was a 

stronger predictor of MACE occurrence than other factors such 

as BMI, underlying diseases (DM, hypertension, dyslipidemia, 

and CKD), medical history (previous cerebrovascular accidents, 

PCI, coronary artery bypass grafting, and MI), and lifestyle (cur-

rent alcohol intake and current smoking). Among the latter fac-

tors, only CKD was associated with a higher risk of MACEs. CKD 

had a 6.13- and 6.72-fold adjusted MACE occurrence risk in 

our univariate and multivariate analyses, respectively, consistent 

with previous studies [24]. Reduced glomerular filtration rate is 

also associated with increased coagulability, arterial stiffness, 

and abnormal levels of apolipoprotein, homocysteine, and fi-

brinogen [25-27]. These mechanisms might influence the in-

creased risk of MACEs.

We demonstrated that MACE incidence is increased in pa-

tients with a relatively low response to clopidogrel, compared 

with patients with a normal or high response to clopidogrel, be-

cause of platelet P2Y12 receptor blockade. Thus, PFA-200 P2Y 

results could be used as a predictive marker of MACE risk in 

patients treated with clopidogrel. In addition, patients with a rel-

atively high response to clopidogrel might have a higher inci-

dence of bleeding, although the number of patients with bleed-

ing was not significant in our study.

The present study has some methodological limitations. The 

first is the small number of subjects, all of whom were recruited 

from a single hospital; this could have introduced selection bias. 

Further studies with larger populations are needed to confirm 

our findings. In addition, although the term “MACE” has been 

used to evaluate short- and long-term outcomes in many previ-

ous studies, it has no standard definition [28]. The various com-

ponents of MACEs should be evaluated in more comprehensive 

studies with larger samples. 

We also did not compare genetic background between the 

two groups. Various genetic polymorphisms influence the de-

gree of drug-induced platelet inhibition [29, 30]. Polymorphisms 

of the CYP2C19 gene, especially CYP2C19*2, could cause low 

active clopidogrel metabolite levels and might be associated 

with a low response to clopidogrel [31, 32]. Several studies have 

reported a correlation between polymorphisms of the CYP2C19 

gene and risk of MACEs in patients treated with clopidogrel [33-
35]. Future studies should also evaluate genetic background.

The PFA-200 test was not performed during the follow-up pe-

riod; thus, it is also necessary to determine whether the degree 

of platelet P2Y12 receptor blockade is maintained at a similar 

level over time. In addition, the PFA-200 P2Y results have a 

measurable upper limit of 300 seconds; the results of 68 pa-

tients exceeded the measurable upper limit. Because of this an-

alyzer limitation, it is difficult to proportionally correlate test re-

sults and clinical outcomes, including MACEs and bleeding ten-

dencies.

Thus, although the PFA-200 test could be used to predict 
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therapeutic response at the start of anti-platelet therapy with 

clopidogrel, because of the above limitations, the results of a 

single platelet function test might not justify treatment modifica-

tion. More studies are needed to provide appropriate strategies 

for anti-platelet therapy for patients.
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