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Background/Aims: Prolonged dual antiplatelet therapy (DAPT) with aspirin and
clopidogrel beyond 1 year has been shown to reduce ischemic events at the ex-
pense of increased bleeding. However, limited data are available on the clinical
significance of platelet reactivity (PR) at 1 year.

Methods: We retrospectively identified 331 patients who underwent percutaneous
coronary intervention (PCI) and assessed the on-clopidogrel PR using VerifyNow
P2Y12 assay at 1 year in a single center. Two hundred eleven patients were on
DAPT for > 1 year. The relationship between high on-treatment platelet reactivity
(HPR) at 1 year and clinical outcomes beyond 1 year, as well as the longitudinal
change in PR was analyzed.

Results: At 1 year, 135 (64%) patients showed HPR and 76 (36%) did not. There was a
significant increase in ischemic endpoint events, including cardiovascular death,
non-fatal myocardial infarction, and stroke/transient ischemic attack in patients
with compared to without HPR at 1 year (hazard ratio [HR], 2.68; 95% confidence
interval [CI], 1.06 to 6.77; p = 0.036). However, the incidence of any Bleeding Aca-
demic Research Consortium bleeding was significantly lower in the HPR group
(HR, 0.11; 95% CI, 0.02 to 0.65; p = 0.015). In the longitudinal analysis, PR signifi-
cantly decreased from post-load to 1 year after index PCI in the non-HPR group.
Conversely, the HPR group showed high PR from baseline through 1 year.
Conclusions: HPR at 1 year may be a useful surrogate for predicting ischemic and
bleeding events in patients on prolonged DAPT. Patients with and without HPR at
1 year showed different patterns of longitudinal change in PR.

Keywords: Dual anti-platelet therapy; Percutaneous coronary intervention; Plate-
let function tests; Retrospective study

INTRODUCTION

and have become the cornerstone therapies. However,
stent thrombosis remains a major concern in patients

Coronary artery disease (CAD) continues to be a leading
cause of mortality and morbidity worldwide [1]. Percu-
taneous coronary intervention (PCI) with a drug-eluting
stent (DES) and pharmacological therapy with aspirin
and P2Y12 inhibitors have improved clinical outcomes
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with DES owing to its high morbidity and mortality [2,3].

Platelets play a key role in the pathophysiology of both
stent thrombosis and intracoronary thrombosis arising
from ruptured atherosclerotic plaques. Thus, antiplate-
let therapy, particularly dual antiplatelet therapy (DAPT),

pISSN 1226-3303
elSSN 2005-6648
http://www.kjim.org


mailto:jrjoe@hallym.or.kr
http://crossmark.crossref.org/dialog/?doi=10.3904/kjim.2020.085&domain=pdf&date_stamp=2021-03-01

Kim S, et al. Clinical impact of platelet reactivity

is recommended for at least 6 months in patients with
stable ischemic heart disease or for 12 months in pa-
tients with acute coronary syndrome (ACS) after DES
implantation (class I strength of recommendation), and
for a prolonged duration in patients without treatment
complications (class IIb strength of recommendation)[4].

Aspirin and clopidogrel are the most common combi-
nation drugs in patients undergoing PCI, although vari-
ability in the response to clopidogrel has been reported
[5]. The clinical implications of variability in clopidogrel
response have also been demonstrated, including stent
thrombosis, recurrent myocardial infarction (MI), and
death [6]. Identification of patients with high platelet re-
activity (PR) despite clopidogrel treatment is therefore
crucial for ensuring safety and improving clinical out-
comes.

High on-treatment platelet reactivity (HPR) identified
after a loading dose of clopidogrel has been reported
to be associated with poor prognosis within 1 year [7,8].
However, there is a paucity of data on the clinical im-
plication of HPR at 1 year after index PCI on long-term
cardiovascular outcomes. Furthermore, few studies have
evaluated the longitudinal changes in PR from the ini-
tial to the mid-term periods. Moreover, the optimal
timing for platelet function measurement, with respect
to fluctuations as seen in the early period of ACS, is still
debated [8,9].

This study aimed to provide information on the
above-mentioned issues by measuring PR at 1 year, fo-
cusing on the HPR status at 1 year compared with the
post-load value as well as the clinical outcome beyond 1
year. We sought to investigate (1) the HPR at 1 year and
the incidence of cardiovascular death, non-fatal MI, and
stroke/transient ischemic attack (TTA) events; (2) the HPR
at 1 year and the incidence of bleeding events according
to the Bleeding Academic Research Consortium (BARC)
classification during the follow-up period beyond 1 year;
and (3) the longitudinal change in PR from baseline, to
post-load, and to 1 year after index PCI in patients who
underwent DES-based PCL

METHODS

Study participants and design
This retrospective study aimed to investigate the influ-
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ence of HPR status on long-term clinical outcomes be-
yond 1 year as well as the longitudinal changes in PR. The
study was approved by the Institutional Review Board
(IRB) of Hallym University Kangnam Sacred Heart Hos-
pital, South Korea (IRB No. 2016-05-55). The study partic-
ipants were identified and included from Kangnam Sa-
cred Heart Hospital between September 2009 and July
2013, with all patient records analyzed up to June 2016.
Written informed consent was not obtained from each
subject since this study focused on the observation of
PR among the study subjects. The platelet function test
using the VerifyNow P2Y12 assay (Accriva Diagnostics,
San Diego, CA, USA) was performed as a routine clinical
practice. All patients who underwent PCI with DES for
either ACS or stable CAD, and on continued DAPT with
aspirin and clopidogrel at 1 year after the index PCI were
eligible and included in the study. The exclusion crite-
ria were as follows: (1) use of periprocedural glycopro-
tein IIb/IIIa inhibitors; (2) failure to attend follow-ups; (3)
uncertain CAD diagnosis; (4) not severe enough CAD to
warrant stent placement; and (5) no platelet function test
at 1 year. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.

Study protocol

The treatment regimen in all patients was an initial
loading dose of 300 mg aspirin and 600 mg clopido-
grel. All patients continued their antiplatelet regimen
with maintenance doses of 100 mg aspirin and 75 mg
clopidogrel once daily for up to 1 year. The decision to
continue aspirin alone as a single antiplatelet therapy
or to continue DAPT (prolonged DAPT) was made at 1
year after PCI, according to the clinician’s discretion.
Any cases of cardiovascular and bleeding events from 1
year after the index PCI up to the point of data collection
were collected and analyzed. The primary outcome was
ischemic endpoint events, which included cardiovascu-
lar death, non-fatal MI, and stroke/TTA, and the second-
ary outcome was any-BARC bleeding [3,10,11].

VerifyNow P2Y12 assay

PR was measured using a turbidimetric-based optical
detection system (VerifyNow P2Y12), which has been de-
scribed elsewhere [12]. The degree of PR in conjunction
with clopidogrel use was reported as a P2Y12 reaction
unit (PRU), which was measured at baseline, at 24 hours
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after the loading dose, and at 1 year. HPR was defined as a
PRU > 208 [13,14]). This method of platelet function analy-
sis is an ideal point-of-care measurement and a sensitive
and reliable measure of platelet inhibition with clopido-
grel. It has also been shown to discriminate patients with
endpoint events within 1 year of follow-up [15].

Statistical analysis

Baseline characteristics, medications, and diagnoses
were also collected and analyzed. GPower 3.1 was used
to calculate the power of this study. For a power of 80%
and an alpha risk of 5%, we calculated that 64 patients
per group (128 in total) would be required to detect a
significant difference while setting the statistical re-
sults as means. Statistical analysis was performed using
SPSS version 24.0 software (IBM Co., Armonk, NY, USA).
Continuous variables are presented as mean + standard
deviation and were analyzed using Student’s t test and
analysis of variance (ANOVA). Categorical variables were
analyzed using the chi-square test, and when the expect-
ed frequencies of observations were < 5, Fisher’s exact
test was used. Longitudinal change in PR was analyzed
using repeated measures ANOVA. Survival analysis of
ischemic and bleeding endpoints was performed using
Kaplan-Meier estimates, and the log-rank test was used
to compare survival curves between the two groups. A
multivariable-adjusted Cox proportional regression haz-
ard model was used to investigate the independent effect
of the HPR at 1 year on the clinical outcomes. The Cox
model included age > 65 years, sex, prior MI, stroke/TIA,
hypertension (HTN), diabetes mellitus, atrial fibrillation,
dyslipidemia, chronic kidney disease, and smoking sta-
tus (non-smoker vs. current and ex-smoker). The adjust-
ed hazard ratio (HR) with 95% confidence interval (CI)
was calculated. A p < 0.05 was used to indicate statistical
significance.

RESULTS

Study flow

A total of 344 patients were identified for this study. Val-
id PR measurements were obtained from 331 patients.
Among them, 211 patients were on prolonged DAPT. Of
the patients, 135 (64.0%) had HPR and 76 (36.0%) did not
have HPR at 1 year. The mean total follow-up period was
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- 344 Patients undergoing PCl with
DES had their baseline and post-load
PR assessed

13 (3.8%) Patients excluded for:
L | -Failuretoattend follow-up

- Uncertain CAD diagnosis

- Without PR measurement at 1 year

- 331 Patients had 1 year PR
measurement with follow-up CAG

- Decision to continue DAPT was made
at the clinician’s discretion

'

- Among them, 211 who were on
DAPT beyond 1 year were enrolled
in this study

- Ischemic and bleeding events were
identified from a year after index
PCI during the mean follow-up
period of 47.7 months

Figure 1. Study flow. PCI, percutaneous coronary interven-
tion; DES, drug-eluting stent; PR, platelet reactivity; CAG,
coronary angiography; DAPT, dual antiplatelet therapy;
CAD, coronary artery disease.

47.7 £16.8 months (Fig. 1).

Baseline characteristics

The baseline characteristics of the study patients are
shown in Table 1. The population had a mean age of
61.9 £ 10.1 years and body mass index of 24.8 + 3.2 kg/m?,
and 157 (74.4%) were men. The average clopidogrel use
duration was 39.3 + 24.2 months. With respect to clinical
presentations, 79 (37.4%) patients were admitted for sta-
ble angina, 37 (17.5%) had unstable angina, 39 (18.4%) had
non-ST-elevation MI, and 56 (26.5%) had ST-elevation
MI. The HPR at 1 year group showed more advanced age
(63.1 + 9.9 years vs. 58.9 + 10.0 years, p = 0.02) and higher
rates of HTN (83 [61.5%] vs. 32 [42.1%], p = 0.007) and prior
history of TIA/stroke (15 [11.1%] vs. 2 [2.6%], p = 0.03) than
the non-HPR group. Conversely, the non-HPR group
showed a higher proportion of male patients (66 [86.8%)]
vs. 91 [67.4%), p = 0.002) and current smokers (37 [48.7%)]
vs. 46 [34.1%)], p = 0.037) than the HPR group (Table 1).
Notably, the clinical and angiographic characteristics
with medication use were well balanced between the two
groups (Table 2).

Relationship between HPR at 1 year and clinical

outcomes beyond 1 year
Survival analysis using the Kaplan-Meier survival anal-
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Characteristic Group pvalue
HPR (n = 135) Non-HPR (n = 76)
Age, yr 63.1+9.9 58.9 £10.0 0.020
Male sex 91 (67.4) 66 (86.8) 0.002
BMI, kg/m? 24.8 £3.4 24.6 £2.7 0.629
Prior myocardial infarction 4(3.0) 4(5.3) 0.463
Total follow-up period, mo 46.2 173 50.2 £15.5 0.096
Smoking 46 (34.1) 37 (48.7) 0.037
Hypertension 83 (61.5) 32 (42.1) 0.007
Diabetes mellitus 47 (34.8) 20 (26.3) 0.203
Dyslipidemia 27(20.0) 17 (22.4) 0.684
Atrial fibrillation 1(0.7) 1(1.3) 1.000
Prior stroke/TTA 15 (11.1) 2(2.6) 0.030
Chronic kidney disease 8(5.9) 1(1.3) 0.161
Hematocrit, % 40.1%5.4 40.8 6.2 0.433
Blood urea nitrogen, mg/dL 16.5 +12.6 16.1+10.8 0.830
Creatinine, pmol/L 112 £ 1.12 130 +1.78 0.350
Platelet, 103/L 260 + 66 263 + 86 0.754

Values are presented as mean + SD or number (%).

HPR, high on-clopidogrel platelet reactivity; BMI, body mass index; TTA, transient ischemic attack.

ysis and Cox proportional hazard regression analysis
showed that ischemic endpoint events, including car-
diovascular death, MI, and stroke/TTA, were significant-
ly increased in patients with than without HPR at 1 year
(HR, 2.68; 95% CI, 1.06 to 6.77; p = 0.036). Meanwhile,
any-BARC bleeding events were found to be significant-
ly lower in patients with than without HPR at 1 year (HR,
0.11; 95% CI, 0.02 to 0.65; p = 0.015) (Table 3, Fig. 2).

Longitudinal change in PR between index PCl and 1
year thereafter

A total of 57 patients with available baseline and post-
load PRU data were analyzed using repeated measures
ANOVA to evaluate the longitudinal change in PR. The
PRU level at baseline, post-load, and 1 year after index
PCI in the non-HPR group versus the HPR in 1 year
group were as follows: 269.8 + 61.4 vs. 290.8 + 62.2, p =
0.227; 194.4 = 72.5 Vs. 257.8 % 85.6, p = 0.007; and 1511 *
36.2 Vs. 279.1 * 45.9, p < 0.001, respectively. Overall, there
was a significant decrease in PR from baseline to 1 year
after index PCI in the non-HPR group. However, the
HPR group showed high PR from baseline through 1

https://doi.org/10.3904/kjim.2020.085

year. Hence, there was a significant difference in the
longitudinal change of PR according to time (with-

in-subject time interaction, p

ws.time < 0-001) and group

(between-subject group interaction, Pos-group < 0.001). Ac-
cordingly, there was an interaction by time and group
(Prime*group < 0-001) (Table 4, Fig. 3).

In the subgroup analysis of patients with stable angina
and ACS, the pattern of longitudinal change diftered ac-
cording to clinical presentation. In patients with stable
angina, post-load PR showed a significant decrease com-
pared with the baseline value, which was maintained up
to 1 year in the non-HPR group. In contrast, the HPR
group showed little change in PR throughout the base-
line, post-load, and 1-year periods (Fig. 4A). However, in
patients with ACS, the PR of the two groups converged
at the post-load period and significantly diverged after 1
year (between-subject group at each time point, p, group
each time point = 0-349, 0-401, and < o.001 at baseline, post-
load, and 1 year, respectively). Therefore, there was also
an interaction by time and group (p,;,,.+orou, = 0-002) (Fig.

4B).

group
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Table 2. Baseline characteristics of clinical and angiographic diagnosis and medication use

Characteristic Group pvalue
HPR (n = 135) Non-HPR (n = 76)
Clinical diagnosis
Stable angina 50 (37.0) 29 (38.2) 0.872
Unstable angina 23 (17.0) 14 (18.4) 0.800
Non-STEMI 22 (16.3) 17 (22.4) 0.275
STEMI 40 (29.6) 16 (21.1) 0.197
Angiographic diagnosis
1 Vessel disease 57 (42.2) 37 (48.7) 0.365
2 Vessel disease 39 (28.9) 23(30.3) 0.833
3 Vessel disease 39 (28.9) 16 (21.1) 0.213
Medication
ACEi/ARB 104 (77.0) 55 (72.4) 0.450
Beta blocker 96 (71.1) 46 (60.5) 0.116
Calcium channel blocker 66 (48.9) 29 (38.2) 0.133
Nitrate 3(2.2) 4(5.3) 0.255
Statin 124 (91.9) 71(93.4) 0.679
Proton pump inhibitor 6(4-4) 6(7.9) 0.357

Values are presented as number (%).
HPR, high on-clopidogrel platelet reactivity; STEMI, ST segment elevation myocardial infarction; ACEi, angiotensin convert-
ing enzyme inhibitor; ARB, angiotensin receptor blocker.

Table 3. Relationship between HPR at 1 year and clinical outcomes beyond 1 year

Variable HPR (n=135) Non-HPR(n=76) Log-rank pvalue’ HR (95% CI) p value®
Ischemic endpoint® 20.0 (27) 7.9 (6) 0.016 2.68 (1.06-6.77) 0.036
Any-BARC bleeding 2.2(3) 13.2 (10) 0.046 0.11 (0.02—0.65) 0.015

Values are presented as percentage (number).

HPR, high on-clopidogrel platelet reactivity; HR, hazard ratio; CI, confidence interval; BARC, Bleeding Academic Research
Consortium.

Ischemic endpoint events included death, MI, stroke/TTA.

PLog-rank test was used to compare survival outcomes between the two groups.

“Multivariable-adjusted Cox proportional regression hazard analysis was performed using covariates including age > 65 years,
sex, prior myocardial infarction, stroke/transient ischemic attack, hypertension, diabetes mellitus, atrial fibrillation, dyslipid-
emia, chronic kidney disease, and smoking status.

DISCUSSION

In this study, we sought to evaluate the clinical impli-
cations of HPR at 1 year on future cardiovascular and
bleeding outcomes beyond 1 year as well as the longi-
tudinal change of PR in patients with prolonged clopi-
dogrel therapy after DES-based PCI. There were several
key findings from this study: (1) the HPR at 1 year group

S84 www.kjim.org

showed a significant increase in ischemic cardiovascular
outcomes at the expense of increased bleeding; (2) the
pattern of longitudinal change was significantly differ-
ent between the HPR and non-HPR groups at 1 year; and
(3) there were different patterns of longitudinal change
according to the clinical presentation. In patients with
ACS, the PR of the two groups converged at post-load
and significantly widened at 1 year after index PCL
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There have been previous reports on the impact of
HPR on clinical outcomes, mostly focusing on isch-
emic events. It is well known that post-load on-clopi-
dogrel reactivity < 208 PRU is associated with a lower
risk of cardiovascular events, and an increasing num-

0.5
-THPR group

~1Non-HRP group
0.4

0.3-4 HR,2.683;95% Cl, 1.06-6.77; p = 0.036
Log rank p = 0.016

0.2

0.1

0 T T T T T T
10 20 30 40 50 60

No. at risk
HPR No. (analyzed n = 76) 76 73 71 66 58 43 24
Non-HPR No. (analyzed n=135) 135 124 116 10 85 48 30

Figure 2. Ischemic outcomes. The overall ischemic event
rate during the follow-up period is shown. A cumulative
hazard function curve shows a significant increase in the
ischemic events in patients with high on-treatment platelet
reactivity (HPR). HR, hazard ratio; CI, confidence interval.

KJIM™

ber of studies have found that patients with HPR have
a higher risk of cardiovascular death, non-fatal MI,
and stent thrombosis [14,16]. The platelet reactivity and
clinical outcomes after coronary artery implantation
of drug-eluting stents (ADAPT-DES) study found the
counterbalancing effects of hemorrhagic and ischemic
complications, in that HPR was strongly associated with
stent thrombosis and MI and was inversely related to
bleeding [7]. In this study, we attempted to investigate
whether on-clopidogrel PR at 1 year could predict fu-
ture cardiovascular outcomes in patients on prolonged
DAPT with aspirin and clopidogrel beyond 1 year. Ac-
cording to our expectations, HPR at 1 year was associ-
ated with increased ischemic cardiovascular endpoints,
including death, MI, and stroke/TTA, whereas non-HPR
at1 year was associated with a higher incidence of bleed-
ing, which was in line with the results of previous stud-
ies that investigated clinical outcomes within 1 year [17].
Therefore, we re-confirmed the counterbalancing effect
of hemorrhagic and ischemic complications, and deter-
mined that a tailored strategy is needed in patients with
HPR on prolonged DAPT therapy.

Another interesting finding was platelet variability.
Several previous studies have measured serial PR and
investigated the evolving pattern and optimal timing of

Table 4. Longitudinal change in PR between index PCI and 1 year thereafter

Time
Variable - pvalue®
Baseline Post-load At 1-year
Total (n = 57)
Non-HPR group (n = 20) 269.8 + 61.4 194.4 £72.5 154.1 £36.2 Puws-time < 0.001
HPR group (n=37) 290.8 £ 62.2 257.8 £ 85.6 279.1%45.9 Ps-group < ©-001
DPrs-group at each time point 0.227 0.007 <o0.001 Prime*group < ©-001
Stable angina (n = 19)
Non-HPR group (n = 8) 276.9 + 64.6 161.8 + 69.2 1393 £ 44.7 Drws-time = 0-001
HPR group (n =11) 3003 +49.7 297.6 + 62.7 301.9 +46.4 Pbs-group < 0-001
DPbs-group at each time point 0384 <0.001 <0.001 DPtime*group = ©-001
Acute coronary syndrome (n = 38)
Non-HPR group (n =12) 265.1+ 61.8 216.1 +68.8 163.9 £ 26.9 Drws-time < 0-001
HPR group (n = 26) 286.8 +67.3 240.9 £ 89.4 269.4 + 43.0 Ps-group = ©-006
Pbs-group at each time point 0349 ©.401 <o0.001 Prime*group = ©-002

Values are presented as mean + SD.

PR, platelet reactivity; PCI, percutaneous coronary intervention; HPR, high on-treatment platelet reactivity; ws-time, with-

in-subject time interaction; bs-group, between-subject group interaction.
“Repeated-measures analysis of variance was used to compare temporal change in PR.
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on-clopidogrel PR. Campo et al. [8] previously reported a
decrease in PR from baseline to 1 month after the index
PCI. In that study, 27% of the patients showed signif-
icant PR variability between the baseline and 1-month
values; however, the variability was minimal (0.7%) from
1 month to 6 months. This result was mainly attribut-
ed to the change in baseline poor responders to full re-
sponders [8].

In the Testing Platelet Reactivity in Patients Under-
going Elective Stent Placement on Clopidogrel to Guide
Alternative Therapy with Prasugrel (TRIGGER-PCI)
study, Trenk et al. [18] assessed the temporal variability

-= HPR group  -e- Non-HRP group
350
300 P itin subject time <0.001
279.1
269.8 P imetgrowpnteracion < 0001
-, 250
&
2004 P petneen subject group <0.001
1504 ! i 154.1
P ts-group each time points — 0.227 0.007 <0.001
100 T T T
Baseline Post-load PRU at 1yr

Figure 3. Overall longitudinal change in platelet reactivi-
ty (PR) in all patients. The P2Y12 reaction unit (PRU) level
at baseline, post-load, and 1 year after index percutaneous
coronary intervention (PCI) were analyzed using repeated
measures analysis of variance to evaluate the longitudinal
change in PR. PR significantly decreased from post-load to
1 year after index PCI in the non-high on-platelet reactivity
(HPR) group. Conversely, the HPR group showed high PR
from baseline through 1 year. bs-group, between-subject
group interaction.

-=- HPR group  -e- Non-HRP group
350
P yiehin subject tme = 0.001
300 301.9
4 P e goup mracion = 0001
% 250+ :
| b P oeween suectgrup < 0-001
200 | |
; i
1507 ! 1393
P s group s ime poms = 0384 < 0,001 <0.001
100 T T T
Baseline Post-load PRU at 1 yr
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in patients with stable angina who were randomized to
receive either prasugrel or clopidogrel, among patients
with HPR on-clopidogrel therapy. There was a small
decrease in PR from baseline to 3 months, and 29.6%
of the patients reached a PR of < 208 in the clopidogrel
group. However, the prasugrel group showed a substan-
tial decrease in PR at 3 months, and 94.1% of the patients
reached a PR of < 208. There was no significant change
in PR between 3 and 6 months in either group [18]. Our
study had a similar finding in the stable angina group,
which showed little change in PR between post-load and
1 year, suggesting that the HPR status in these patients
at the post-load period may be enough to predict lon-
ger-term response to prolonged clopidogrel therapy.
However, an interesting finding from our study was that
in the HPR group, the PR at post-load was less than that
at 1 year, which was more pronounced in patients with
ACS, suggesting a possible rebound phenomenon of
PR. Until recently, only a few reports have demonstrat-
ed this rebound phenomenon of PR in the long-term
follow-up period. Tello-Montoliu et al. [19] and Yun et
al. [20] similarly observed increased PR in patients with
ACS followed up for 6 months. These fluctuations of
PR, particularly in patients with ACS, are believed to be
affected by multiple factors, including genetic factors,
environmental factors, and concomitant medications
[5,8]. Another possible explanation for this finding is
intra-individual variability in PR. The Escalating Clopi-
dogrel by Involving a Genetic Strategy-Thrombolysis
In Myocardial Infarction 56 (ELEVATE-TIMI 56) trial
demonstrated that 15.7% of patients taking clopidogrel
showed a change in responder status when tested at two

-=- HPR group  -e- Non-HRP group
350
300+ P within subject time <0.001
269.4
E 250 P time* group interaction = 0.002
o
200 P betmeen subject group = 0.006
163.9
150+
P s goup csh time points = 0-349 0.401 <0.001
100 : T :
B Baseline Post-load PRU at 1 yr

Figure 4. Longitudinal change in platelet reactivity (PR) according to the clinical presentation. (A) The longitudinal change
in PR in patients with stable angina. (B) The longitudinal change in PR in patients with acute coronary syndrome. HPR, high
on-platelet reactivity; PRU, P2Y12 reaction unit; bs-group, between-subject group interaction.
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different time points [21]. In this regard, testing PR at a
single time point or soon after loading time or early in
the clinical presentation might not be sufficient to tailor
antiplatelet therapy.

There have been studies evaluating the possible role
of prolonged therapy with the potent P2Yi2 inhibitor
ticagrelor on long-term outcomes in patients with a
history of previous PCI. In the Prevention of Cardiovas-
cular Events in Patients With Prior Heart Attack Using
Ticagrelor Compared to Placebo on a Background of As-
pirin-Thrombolysis in Myocardial Infarction 54 (PEGA-
SUS-TIMI s4) study, patients with previous MI and on
aspirin were randomized to receive either ticagrelor 9o
or 60 mg twice daily or placebo [22]. In that study, during
a median follow-up period of 33 months, ticagrelor sig-
nificantly reduced the composite primary efficacy end-
points (cardiovascular death, M, or stroke) as compared
with placebo (7.85%, 7.77%, and 9.04%; p = 0.008), although
there was increased bleeding. The most recent ticagrelor
in patients with diabetes and stable CAD with a history
of previous percutaneous coronary intervention (THE-
MIS-PCI) trial randomized patients with diabetes and a
history of previous PCI to receive either ticagrelor or pla-
cebo, to determine whether there is a benefit in terms of
long-term cardiovascular outcomes. The results showed
fewer primary efficacy outcomes in patients treated with
ticagrelor than in those who received placebo (7.3% vs.
8.6%; HR, 0.85; 95% CI, 0.74 to 0.97; p = 0.013) over a me-
dian follow-up of33 months. Again, there was an increase
in Thrombolysis in Myocardial Infarction major bleed-
ing in the ticagrelor group than in the placebo group
(2.0% vs. 11%; HR, 2.03; 95% CI, 1.48 to 2.76; p < 0.0001)
[23]. Although these studies did not compare the impact
of ticagrelor with that of clopidogrel, the investigators
clearly showed the benefit of long-term platelet inhibi-
tion with a potent P2Y12 inhibitor on future cardiovas-
cular outcomes. Taking the results together, it might be
justifiable for selected patients with on-clopidogrel HPR
to switch to a potent P2Y12 inhibitor even beyond 1 year,
especially in those with high ischemic risks, such as post-
MI patients or those with diabetes. Given the variability
of PR in patients treated with clopidogrel, particularly in
those with ACS, it might be reasonable to measure PR
at 1 year to define the HPR status for predicting future
outcomes as well as for tailoring antiplatelet therapy in
the long-term period.
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This study had several limitations. First, owing to its
retrospective design and relatively small sample size,
selection bias may be present. Nevertheless, our study
provided real-world findings that deserve further inves-
tigation in future studies with a randomized design, a
larger population, and a longer follow-up period. Sec-
ond, we only measured and analyzed 1-year PR along
with the baseline and post-load values. PR measured at
more time points may provide a better understanding of
PR variability. Third, the differences in baseline charac-
teristics, such as smoking status, may have acted as un-
known confounders affecting PR. Further randomized
studies with balanced baseline characteristics of study
subjects might overcome these limitations [24,25).

In conclusion, HPR at 1 year may be useful as a sur-
rogate marker for predicting ischemic and bleeding
events beyond 1 year in patients on prolonged DAPT.
In patients with ACS, post-load PR may not reliably
reflect on-clopidogrel PR. These findings suggest that
PR monitoring at 1-year post-PCI may help clinicians
optimize antiplatelet management in the long-term fol-
low-up period.

KEY MESSAGE

1. High on-treatment platelet reactivity at 1 year
may be useful as a surrogate marker for pre-
dicting ischemic and bleeding events beyond 1
year in patients on prolonged dual antiplatelet
therapy.

2. In patients with acute coronary syndrome,
post-load platelet reactivity (PR) may not reli-
ably reflect on-clopidogrel PR.

3. PR monitoring at 1-year post-percutaneous
coronary intervention may help clinicians op-
timize antiplatelet management in the long-
term follow-up period.
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