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ABSTRACT

Background: Coronary artery disease patients undergoing percutaneous coronary
intervention (PCI) often exhibit reduced left ventricular ejection fraction (LVEF). However,
the impact of LV dysfunction status in conjunction with platelet reactivity on clinical
outcomes has not been previously investigated.

Methods: From the multicenter PTRG-DES (Platelet function and genoType-Related
long-term prognosis in DES-treated patients) consortium, the patients were classified

as preserved-EF (PEF: LVEF > 50%) and reduced-EF (REF: LVEF< 5 0%) group by
echocardiography. Platelet reactivity was measured using VerifyNow P2Y;, assay and
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high platelet reactivity (HPR) was defined as PRU > 252. The major adverse cardiac and
cerebrovascular events (MACCEs) were a composite of death, myocardial infarction, stent
thrombosis and stroke at 5 years after PCI. Major bleeding was defined as Bleeding Academic
Research Consortium bleeding types 3-5.

Results: A total 0f 13,160 patients from PTRG-DES, 9,319 (79.6%) patients with the results of
both PRU and LVEF were analyzed. The incidence of MACCE and major bleeding was higher
in REF group as compared with PEF group (MACCESs: hazard ratio [HR] 2.17, P < 0.001, 95%
confidence interval [CI] 1.85-2.55; major bleeding: HR 1.78, P < 0.001, 95% CI 1.39-2.78).
The highest rate of MACCEs was found in patients with REF and HPR, and the difference
between the groups was statistically significant (HR 3.14 in REF(+)/HPR(+) vs. PEF(+)/HPR(-)
group, P < 0.01, 95% CI 2.51-3.91). The frequency of major bleeding was not associated with
the HPR in either group.

Conclusion: LV dysfunction was associated with an increased incidence of MACCEs and
major bleeding in patients who underwent PCI. The HPR status further exhibited significant
increase of MACCE:s in patients with LV dysfunction in a large, real-world registry.

Trial Registration: ClinicalTrials.gov Identifier: NCT04734028

Keywords: Platelet Reactivity; Clinical Outcome; Heart Failure; Drug-Eluting Stent;
Percutaneous Coronary Intervention

INTRODUCTION

Coronary artery disease (CAD) is one of the major causes of left ventricular (LV) systolic
dysfunction, which subsequently leads to heart failure (HF) of ischemic origin (so-called
“ischemic cardiomyopathy”). Patients who have experienced acute coronary syndrome or
had CAD and were treated with percutaneous coronary intervention (PCI) often exhibit
ischemic cardiomyopathy.’3 In general, HF is also regarded as a prothrombotic condition
with increased platelet reactivity and hypercoagulability due to various mechanisms.4-6
Antiplatelet agents, in particular P2Y,, inhibitors, have been reported to play an integral
role in the secondary prevention of ischemic events after PCI in high-risk patients.?8 The
antiplatelet effect of P2Y,, inhibitors may be more closely related to clinical events in HF
patients with a thrombogenic milieu.9 However, the responsiveness of P2Y;, in an individual
patient is not uniform and is believed to be affected by clinical and genetic factors.

Based on platelet reactivity measured by platelet function assays, the concept of therapeutic
range with either high platelet reactivity (HPR) or low platelet reactivity (LPR) has been
suggested. HPR is associated with an increased incidence of ischemic events, such as
myocardial infarction (MI) or death, in patients who previously underwent coronary
interventions. On the other hand, LPR is associated with increased bleeding events.10-16

Currently, none of the studies have evaluated the association between platelet reactivity

and LV systolic dysfunction status, and its prognostic implication in CAD patients treated
with drug-eluting stent (DES) implantation. Therefore, we aimed to evaluate the prognostic
implication of the association between platelet reactivity and LV systolic function in a large-
scale cohort of CAD patients treated with DES implantation.
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METHODS

Study design and participants

The PTRG-DES (Platelet function and genoType-Related long-term proGnosis in DES-treated
patients with CAD) consortium was established to determine the association of platelet
function test (PFT) and genotyping with long-term prognosis during clopidogrel treatment
in a large-scale East Asian cohort treated with DES. This consortium was endorsed by the
Korean Society of Interventional Cardiology (ClinicalTrials.gov Identifier: NCT04734028).17
A total of nine prospective registries from 32 Korean academic centers joined the PTRG-

DES consortium and contributed data of 13,160 DES patients treated between July 2003

and August 2018. We obtained 11,714 PFT results measured by VerifyNow assay (PTRG-PFT
cohort), and 8,163 genotyping results related to clopidogrel responsiveness (PTRG-Genotype
cohort) from the consortium. Consecutive patients at each center were successfully treated
with one or more DES approved by the US Food and Drug Administration or Conformité
Européene mark. Patients adequately loaded with aspirin and clopidogrel were eligible for
enrollment in the study, regardless of patient or lesion complexity. The exclusion criteria were
occurrence of a major complication during the procedure, fibrinolytic therapy, and need for
oral anticoagulant.

Procedures

All PCI procedures were performed in accordance with the standard technique.18 Following
the procedure, patients were administered 100 mg of aspirin and 75 mg of clopidogrel per
day. Patients were recommended aspirin indefinitely and clopidogrel for a duration of at
least 1 year. All other treatments administered were according to the standard care. Clinical
outcomes were evaluated until the last outpatient visit.17

PFT

Platelet reactivity was measured during the peri-procedural period using the VerifyNow

assay (Accriva, San Diego, CA, USA). The measurements were performed after an adequate
time duration to ensure full anti-platelet effect.19 Aspirin was administered as either (1) a
coated 300-mg oral dose at least 6 hours or (2) a dose of 100 mg at least 5 days before PCI.
Clopidogrel was administered in one of the following ways: 1) a dose of 600 mg at least 6
hours; 2) a dose 0of 300 mg at least 12 hours; or 3) a dose of 75 mg at least 5 days before PCI. If
eptifibatide or tirofiban was used during PCI, a 24-hour washout period was required before
VerifyNow testing. No patients receiving abciximab were enrolled as a long washout period
would be needed.1’

VerifyNow assay is a whole-blood, point-of-care, turbidimetric optical detection assay
designed to measure agonist-induced platelet aggregation.1® Blood samples were collected

in 3.2% citrate Vacuette tubes (Greiner Bio-One Vacuette North America, Monroe, NC,

USA). Measurements were performed in accordance with the manufacturer’s protocol, the
details of which have been described elsewhere.20 The cartridge comprised fibrinogen-coated
polystyrene beads, 20 mmol/L adenosine diphosphate, and 22 nmol/L prostaglandin E1. The
optical signal of this channel was reported as “P2Y;, reaction units (PRUs).” We assessed
PRUSs as continuous and categorical measures. Additionally, the cutoffs of HPR to ADP were
defined according to the time-dependent receiver operating characteristic curve analysis
from the PTRG-PFT cohort (> 252 PRUs).21

https://doi.org/10.3346/jkms.2024.39.e27 3/14


http://clinicaltrials.gov/ct2/show/NCT04734028

Clinical Outcomes of Platelet Reactivity According to LV Dysfunction

JKMS

https://jkms.org

Status of LV systolic dysfunction

Echocardiography was performed using commercially available equipment during the peri-
procedural period. Standard echocardiography and calculations were performed according to
the recommendations of the American Society of Echocardiography.?2 Echocardiography was
performed by certified echocardiographers, and an echocardiography specialist supervised
all the measurements independently. Left ventricular ejection fraction (LVEF) was calculated
according to the modified Simpson rule using LV end-systolic and end-diastolic volumes.23

According to the current guidelines and status of LV systolic function, the study population
was divided into two groups: preserved-ejection fraction (PEF: LVEF > 50%) group and
reduced-EF (REF: LVEF < 50%) group. Additionally, in a separate analysis, we classified LV
systolic dysfunction based on LVEF: (1) preserved EF (PEF), LVEF > 50%; (2) mildly reduced
EF (mrEF), 40% < LVEF < 50%; and (3) reduced EF (rEF), LVEF < 40%.24:25

Clinical outcomes

The primary endpoint was occurrence of major adverse cardiac and cerebrovascular events
(MACCESs) including all-cause death, MI, definite stent thrombosis (ST), or stroke. In
addition, major bleeding was defined as Bleeding Academic Research Consortium bleeding
types 3-5.26

All deaths were considered to have occurred due to cardiovascular (CV) causes unless a
definite non-CV cause was established. Acute MI was defined as increased cardiac troponin
values with ischemic symptoms or ischemic changes on electrocardiogram or imaging
evidence of recent loss of viable myocardium or new regional wall motion abnormality, all
of which were not related to the procedure.2? Stroke was defined as evidence of neurological
deficit requiring hospitalization and presence of clinically documented lesions on brain
computed tomography or magnetic resonance imaging. An independent clinical events
committee masked to VerifyNow and LVEF results adjudicated all the clinical events using
original source documents.

Statistical analysis

Kolmogorov-Smirnov test was performed to analyze normal distribution of continuous
variables. Continuous variables were expressed as mean + standard deviation or as medians
(interquartile range [IQR]), while categorical variables were presented as absolute numbers
and frequencies (%). Student’s unpaired t-test was used for parametric continuous variables
and Mann-Whitney U test for non-parametric continuous variables. Analysis of variance was
used for comparison amongst the three groups. Comparisons between categorical variables
were performed using Pearson’s chi-square test or Fisher’s exact test when the Cochran rule
was not met.

All demographic characteristics and laboratory measurements were evaluated in a univariate
analysis. Variables with P < 0.1 in the univariate analysis were then entered into multivariate
logistic backward elimination analysis to obtain odds ratios (ORs) and 95% confidence
intervals (Cls). Univariate and multivariate Cox proportional hazard analyses were performed
to identify proportional hazard risk on clinical events according to PRU levels and to adjust
for known potential confounders (index MI presentation, age, sex, body mass index,
hypertension, dyslipidemia, smoking, diabetes mellitus, chronic kidney disease, anemia,
congestive HF, previous PCI, previous stroke, multivessel disease, PCI for left main or left
anterior descending artery, use of 2nd DES, complex PCI, beta blocker, angiotensin blockade,
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statin, and proton pump inhibitor). A Pvalue < 0.05 was considered statistically significant.
All statistical analyses were performed using R (version 4.2.1, R Foundation for Statistical
Computing, Vienna, Austria).

Ethics statement

The Institutional Review Board of each participating center reviewed and approved the registry
and waived the requirement for written informed consent for access to an institutional registry
(Kangnam Sacred Heart Hospital Institutional Review Board approval no. 2018-10-019).

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by the institution’s human research committee.

RESULTS

Baseline characteristics

In the PTRG-PFT cohort (11,714 patients with VerifyNow result), the on-admission LVEF data
was available for a total 0f'9,319 patients (79.6%) (81.8% [n = 7,620] in the PEF and 18.2% [n
=1,084] in the REF groups) (Fig. 1). According to the LVEF level, no statistically significant
differences were observed between the PEF and REF groups in terms of PRU level (216 + 77.3
vs. 220.5 + 82.0; P=0.070), but the prevalence of HPR was significantly different (33.2% vs.
35.4%; P=0.008) (Table 1).

PTRG registry

|

PEF (> 50%)
(n =7,620)

HPR (-)
(n =5,092)

Fig. 1. Flow chart.

(N =13,160)
Exclusion due to missing LVEF data
(n =2,577)
Exclusion due to missing PRU data
(n=1,264)
PTRG-EF set
(n =9,319)
REF (< 50%)
(n=1,699)
HPR (+) HPR (-) HPR (+)
(n = 2,528) (n =1,097) (n = 602)
mrEF HER
(40% < EF < 50%) (< 40%)
(n=1,086) (n = 613)

LVEF = left ventricular ejection fraction, PEF = preserved ejection fraction, REF = reduced ejection fraction, HPR = high platelet reactivity, mrEF = mildly reduced

ejection fraction.

https://jkms.org
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Table 1. Comparison of baseline characteristics between reduced and preserved ejection fraction groups

Variables Overall (N =13,160) REF (n = 1,699) PEF (n = 7,620) Pvalue
HPR (-) (n=1,097) HPR(+) (n=602)  HPR(-) (n=5,092) HPR(+) (n=2,528)
Age, yr 64.2 +10.9 64.4+12.0 68.0+11.4 62.9+10.8 67.1+10.2 <0.001
Male 8,848 (67.2) 790 (72.0) 336 (55.8) 3,731 (73.3) 1,397 (55.3) <0.001
Body mass index, kg/m? 24.6 + 3.1 24.1 + 3.2 23.8+ 3.2 24.7 £ 3.1 24.5 + 3.2 <0.001
Risk factors
Hypertension 7,933 (60.3) 610 (55.6) 361 (60.0) 2,993 (58.8) 1,660 (65.7) <0.001
Dyslipidemia 8,303 (63.1) 711 (64.8) 386 (64.1) 3,411 (67.0) 1,636 (64.7) 0.128
Smoking 3,578 (27.2) 398 (36.3) 145 (24.1) 1,578 (31.0) 543 (21.5) <0.01
Diabetes mellitus 4,619 (35.1) 393 (35.8) 145 (24.1) 1,597 (31.4) 939 (37.1) <0.01
Chronic kidney disease 2,875 (21.8) 309 (28.2) 238 (39.5) 784 (15.4) 599 (23.7) <0.01
History
Anemia 2,743 (20.8) 268 (24.4) 280 (46.5) 887 (17.4) 929 (36.7) <0.001
PAD 1,550 (11.8) 207 (18.9) 127 (21.1) 529 (10.4) 326 (12.9) <0.001
CHF 1,072 (8.2) 243 (22.2) 153 (25.4) 268 (5.3) 49 (1.9) <0.001
MI 971 (7.4) 177 (16.1) 86 (14.3) 284 (5.6) 136 (5.4) <0.001
PCI 1,737 (13.2) 173 (15.8) 101 (16.8) 645 (12.7) 330(13.1) <0.001
CABG 163 (1.2) 32(2.9) 8(1.3) 61 (1.2) 19 (0.8) <0.001
Stroke 921 (7.0) 81 (7.4) 60 (10.0) 360 (7.1) 171 (6.8) 0.051
VerifyNow_PRU 217.8 +78.2 174.3 £ 58.1 304.7 + 42.8 175.3 +£55.3 299.6 + 38.8 <0.001
LVEF, % 58.8+10.6 41.3+7.2 41.2+6.9 62.7 £ 6.5 62.6 £ 6.6 <0.001
WBC, x10°/dL 7.8+ 3.0 9.3+3.9 9.0+ 3.7 7.7+2.8 7.5+ 2.7 <0.001
Hb, g/dL 13.6+1.9 13.8+ 2.0 12.5+ 2.0 14.0+ 1.7 12.8+ 1.7 <0.001
PLT count, x10°/dL 243.7 + 82.1 237.3+79.4 231.4+73.3 234.0+72.2 235.8+76.5 0.323
GFR, mL/min/1.73 m? 77.3+27.1 76.2+ 31.4 68.5+33.4 81.9+25.6 76.8 £ 27.6 <0.001
HbAlc, % 6.5+1.4 6.6+ 1.4 6.8+ 1.4 6.5+ 1.3 6.6+ 1.3 <0.001
TC, mg/dL 173.6 £ 44.4 174.6 + 46.3 171.4+ 42.6 175.8 +44.4 173.2 £ 45.9 0.037
LDL, mg/dL 106.5 = 40.3 108.9 £ 52.6 106.0 = 37.5 107.1 + 38.0 105.8 £ 41.1 0.192
HDL, mg/dL 43.9+192.7 49.6+11.3 492.4+11.3 44,2 +12.2 44,1 +15.2 <0.001
TG, mg/dL 142.3 £97.1 132.2 £ 100.0 120.8 £ 77.0 148.5 + 104.9 139.5 £ 90.0 <0.001
Angiographic features
ACC/AHA lesion <0.001
A/B1 5,626 (42.8) 481 (43.8) 241 (40.0) 2,494 (49.0) 1,197 (47.3)
B2/C 7,534 (57.2) 616 (56.9) 361 (60.0) 2,598 (51.0) 1,331 (52.7)
Number of diseased vessels <0.001
One 7,755 (58.9) 631 (57.5) 328 (54.5) 3,194 (62.7) 1,481 (58.6)
Two 3,517 (26.7) 287 (26.2) 150 (24.9) 1,331 (26.1) 688 (27.2)
Three 1,888 (14.3) 179 (16.3) 124 (20.6) 567 (11.1) 359 (14.2)
Multivessel disease 5,967 (45.3) 466 (42.5) 274 (45.5) 1,898 (37.3) 1,047 (41.4) <0.001
Bifurcation lesion 1,298 (9.9) 145 (13.2) 86 (14.3) 599 (11.8) 337(13.3) 0.095
CTO lesion 789 (6.0) 147 (13.4) 66 (11.0) 357 (7.0) 151 (6.0) <0.001
Procedural data
Multi-vessel PCI 3,234 (24.6) 311(28.4) 184 (30.6) 1,284 (25.2) 675 (26.7) 0.010
Treated lesion
LM 659 (5.0) 59 (4.7) 38(6.3) 264 (5.2) 116 (4.6) 0.316
LAD 7,757 (58.9) 698 (63.6) 382 (63.5) 3,039 (59.7) 1,465 (58.0) <0.001
LCx 3,933 (29.9) 312(28.4) 181 (30.1) 1,470 (28.9) 809 (32.0) 0.030
RCA 5,018 (38.1) 436 (39.7) 257 (42.7) 1,927 (37.8) 1,002 (39.6) 0.074
Stent type <0.001
1st generation DES 1,402 (10.7) 41 (3.7) 43(7.1) 271 (5.3) 187 (7.4)
ond generation DES 9,181 (69.8) 1,056 (96.3) 559 (92.9) 4,891 (94.7) 9,341 (92.6)
Number of stents 1.6+0.8 1.7+0.8 1.7+0.8 1.6+0.8 1.6+ 0.8 <0.001
Stent length, mm 35.1+22.1 39.5+24.4 39.3+24.1 36.0+22.2 36.5+22.7 <0.001
Stent diameter, mm 3.0+x0.4 2.9+0.4 2.9+0.4 3.0+0.5 3.0+ 0.4 <0.001
Concomitant medication
Aspirin 19,831 (97.5) 1,081 (98.5) 593 (98.5) 4,942 (97.1) 2,451 (97.0) 0.007
Clopidogrel 13,160 (100.0) 1,097 (100.0) 602 (100.0) 5,092 (100.0) 9,528 (100.0)
Cilostazol 1,292 (9.8) 90 (8.2) 47 (7.8) 439 (8.6) 293 (8.8)) 0.836
Beta-blocker 7,627 (58.0) 763 (69.6) 391 (65.0) 2,858 (56.1) 1,437 (56.8) <0.001

(continued to the next page)
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Table 1. (Continued) Comparison of baseline characteristics between reduced and preserved ejection fraction groups

Variables Overall (N = 13,160) REF (n = 1,699) PEF (n = 7,620) Pvalue
HPR (-) (n=1,097)  HPR (+) (n = 602) HPR (-) (n=5,092)  HPR (+) (n = 2,528)

RAS blockade 8,063 (61.3) 729 (66.5) 414 (68.8) 2,960 (58.1) 1,535 (60.7) <0.001

Calcium channel blocker 3,118 (23.7) 177 (16.1) 99 (16.4) 1,309 (25.7) 667 (26.4) <0.001

Statin 11,607 (88.2) 964 (87.9) 505 (83.9) 4,506 (88.5) 2,208 (87.3) 0.010

Proton-pump inhibitor 2,235 (17.0) 199 (18.1) 121 (20.1) 797 (15.7) 488 (19.3) <0.001

Values are presented as mean = standard deviation or number (%).
REF = reduced ejection fraction, PEF = preserved ejection fraction, HPR = high platelet reactivity, PAD = peripheral artery disease, CHF = congestive heart failure,

MI = myocardial infarction, PCI = percutaneous

coronary intervention, CABG = coronary artery bypass graft, LVEF = left ventricular ejection fraction, WBC =

white blood count, Hb = hemoglobin, PLT = platelet, GFR = glomerular filtration ratio, TC = total cholesterol, LDL = low-density lipoprotein, HDL = high-density
lipoprotein, TG = triglyceride, CTO = chronic total occlusion, LM = left main, LAD = left anterior descending artery, LCx = left circumflex artery, RCA = right
coronary artery, RAS = renin-angiotensin-aldosterone system, DES = drug-eluting stent.

A MACCE

Strata + PEF

In addition, no statistically significant differences in PRU level (216.5 + 77.3 vs. 219.3 + 82.5 vs.
222.7 + 81.2 PRUs; P=0.111) and HPR prevalence (33.2% vs. 35.0% vs. 36.2%; P = 0.179) were
found amongst the three groups according to the LVEF level (Supplementary Table 1). We
further investigated the relationship between PRUs and LVEF, which showed no association
(Supplementary Fig. 1).

Clinical outcomes according to LV systolic function

During the median follow-up period of 16.8 months (IQR, 12.0-59.8), a total of 455 MACCEs
(6.0%) (224 deaths [2.9%], 118 non-fatal MI [1.5%], 37 ST [0.5%], and 132 non-fatal stroke
[1.7%]) and 223 cases of major bleeding (2.9%) occurred in the PEF group. In the REF group,
227 cases of MACCEs (13.2%) (164 deaths [9.7%], 47 non-fatal MI [2.8%], 13 ST [0.8%],

and 42 non-fatal stroke [2.5%]) and 88 cases of major bleeding (5.2%) was documented
(Supplementary Table 2). The REF group had a significantly higher rate of occurrence of
MACCESs compared with the PEF group (HR, 2.17; 95% CI, 1.85-2.55; P < 0.001). In addition,
major bleeding occurred more frequently in patients with REF than those with PEF (HR, 1.78;
95% CI, 1.39-2.78; P< 0.001) (Fig. 2). In the multivariable analysis, REF was found to be an
independent determinant of MACCE and major bleeding occurrence (Supplementary Table 3).
Patients with mrEF (HR, 1.58; 95% CI, 1.29-1.95; P < 0.001) and rEF (HR, 3.38; 95% CI,
2.76-4.14; P < 0.001) showed an increased 5-year risk of MACCEs. Moreover, patients with

B Bleeding

= REF Strata +~ PEF = REF

HR 2.17; 95% CI 1.85-2.55; P < 0.01 0.20 - HR 1.78; 95% CI1 1.39-2.78; P < 0.01
0.34 Log-rank P<0.001 Log-rank P < 0.001
< €
S S 0.154
s o
g 021 v
=] ‘5 0.10 1
S o
= £
0.1+
3 3 0.051
. N ﬁ:
T T T T T T T T T T T T
0 360 720 1,080 1,440 1,800 0 360 720 1,080 1,440 1,800
Time Time
No. at risk No. at risk
PEF 7,620 6,232 3,379 2,936 2,427 1,817 PEF 7,620 6,206 3,396 2,962 2,464 1,853
REF 1,699 1,338 790 686 585 454 REF 1,699 1,314 782 684 585 455
Fig. 2. Kaplan-meier curves between PEF group and REF group.
PEF = preserved ejection fraction, REF = reduced ejection fraction, HR = hazard ratio, CI = confidence interval.
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mrEF (HR, 1.42; 95% CI, 1.03-1.95; P=0.03) and rEF (HR, 2.46; 95% CI, 1.77-3.42; P < 0.001)
also showed an increased risk of major bleeding (Supplementary Fig. 2).

Prognostic implication of HPR status according to LV systolic dysfunction
We analyzed the risks of primary outcome and major bleeding according to HPR status and LV
systolic dysfunction. Irrespective of LV systolic dysfunction, the HPR phenotype significantly
increased the risk of MACCES (Piyeraciion < 0.01), and this effect was more prominent in cases of
all-cause death and ST (Tables 2 and 3). No association was found between the frequency of
major bleeding and HPR phenotype in both PEF and REF groups (Fig. 3).

We also investigated the association between PRUs and outcomes in each group using spline
analysis. The curve showed a linear pattern in the PEF group. Although the spline analysis
showed that the outcome decreased with reduction in PRUs in the REF group, the risk tended
to rise below 100 PRUs. However, this was not significant (Supplementary Fig. 3).

DISCUSSION

To the best of our knowledge, this study is the first to evaluate the clinical impact of LV
dysfunction and platelet reactivity on clinical outcomes (ischemic events and major bleeding)
in a large-scale cohort of East Asian patients with CAD who underwent DES-based PCI. The
principal findings of this study were as follows:
1) Patients with < 50% LVEF (REF group) showed a two-fold increase in composite
ischemic events (MACCEs) compared with the PEF group.
2) The REF group showed a 65% increase in major bleeding events compared with the PEF

group.

Table 2. Clinical outcomes in the reduced and preserved ejection fraction groups according to left ventricular
ejection fraction and/or high platelet reactivity

Event REF (n = 1,699) PEF (n = 7,620) P value
HPR (-) HPR (+) Pvalue HPR (-) HPR (+) P value
(n=1,097) (n=6092) (n=5,092) (n=2,528)
MACCE 115(10.5) 112(18.6) <0.01 263 (5.2) 192 (7.6)  <0.01  <0.001
Death 80 (7.3) 84 (14.0) <0.01 114 (2.9) 110 (4.4) <0.01  <0.001
M 292 (2.0) 25 (4.9) 0.02 76 (1.5) 49 (1.7) 0.64  <0.001
Stent thrombosis 4(0.4) 9 (1.5) 0.02 15 (0.3) 292 (0.9) <0.01  <0.001
Stroke 24 (2.2) 18 (3.0) 0.39 83 (1.6) 49 (2.0) 0.38 0.094
Revascularization 73 (6.7) 44 (7.3) 0.68 379 (7.4) 161 (6.4) 0.09 0.346
Major bleeding 49 (4.5) 39(6.5) 0.09 146 (2.9) 77 (3.0) 0.72  <0.001

REF = reduced ejection fraction, PEF = preserved ejection fraction, HPR = high platelet reactivity, MACCE = major
adverse cardiac and cerebrovascular events, MI = myocardial infarction

Table 3. Clinical outcomes according to left ventricular ejection fraction and/or high platelet reactivity

Event REF (n = 1,699) PEF (n = 7,620)

HPR (+) (n1=602) HPR(-) (N=1,097)  HPR(+) (n=2,528) HPR (-) (n = 5,092)

MACCE 3.14[2.51-3.91] 2.03 [1.63-2.53] 1.31[1.11-1.66] Ref.
Death 5.32 [4.01-7.05] 3.97 [2.46-4.35] 1.80[1.39-2.34] Ref.
M 2.46 [1.57-3.88] 1.35[0.84-2.17] 1.05 [0.72-1.53] Ref.
Stent thrombosis 5.13[2.25-11.7] 1.25[0.41-3.76] 2.96 [1.54-5.71] Ref.
Stroke 1.57 [0.94-2.62] 1.35[0.86-2.12] 1.10[0.78-1.57] Ref.
Revascularization 0.89[0.65-1.22] 0.90[0.70-1.15] 0.81[0.68-0.98] Ref.
Major bleeding 2.11[1.48-3.01] 1.60[1.16-2.21] 1.02 [0.77-1.35] Ref.

Values are presented as hazard ratios and 95% confidence intervals.

REF = reduced ejection fraction, PEF = preserved ejection fraction, HPR = high platelet reactivity, MACCE = major
adverse cardiac and cerebrovascular events, MI = myocardial infarction.
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—+— PEF, HPR(+) HR1.37; 95% Cl 1.14-1.66; P < 0.01 —+— PEF, HPR(+) HR1.02; 95% CI 0.77-1.35; P = 0.89
—+— REF, HPR(-) HR 2.03; 95% CI 1.63-2.53; P < 0.01 —+— REF, HPR(-) HR 1.60; 95% CI 1.16-2.21; P < 0.01
0.3 4 —+— REF, HPR(+) HR 3.14; 95% Cl 2.51-3.91; P < 0.01 0204 — REF, HPR(+) HR 2.11; 95% CI 1.48-3.01; P < 0.01
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o 0.2 ]
g g
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0 500 1,000 1,500 2,000 2,500 3,000 0 500 1,000 1,500 2,000 2,500 3,000
Time Time
No. at risk No. at risk
PEF, HPR(-) 5,092 2,384 1,949 1,504 938 526 3M PEF, HPR(-) 5,092 2,387 1,969 1,524 963 549 337
PEF, HPR(+) 2,528 1,332 1,077 817 558 342 217 PEF, HPR(+) 2,528 1,333 1,087 833 577 361 226
REF, HPR(-) 1,097 522 4923 338 297 110 68 REF, HPR(-) 1,097 521 428 340 226 109 68
REF, HPR(+) 602 346 284 2921 160 101 65 REF, HPR(+) 602 333 275 221 159 100 65

Fig. 3. Kaplan-meier curves related to left ventricular dysfunction and HPR status.
MACCE = major adverse cardiac and cerebrovascular event, REF = reduced ejection fraction, HPR = high platelet reactivity, HR = hazard ratio, CI = confidence
interval, PEF = preserved ejection fraction.

3) HPR status and PRU levels > 252 had an impact on MACCEs in both the REF and PEF
groups; however, no such association was evident in terms of bleeding events.

4) Further breakdown of the REF group into rEF (LVEF < 40%) and mrEF (LVEF 41-50%)
showed a difference in MACCE incidence.

Platelets play a key role in thrombotic occlusion during the rupture of a coronary atherosclerotic
plaque, leading to myocardial ischemia and infarction.?® Moreover, thrombotic occlusion

in epicardial arteries and platelet microembolization can induce tissue damage by
microcirculatory arrest.29 Acute myocardial loss due to ischemia can induce myocardial
remodeling.30 The mechanisms of remodeling are unclear; however, coronary microcirculation
could mediate myocardial ischemic injury.31,32 Endothelial cell swelling and sloughing along
with platelet aggregates might lead to capillary obstruction. Moreover, advanced capillary
impairment could result in intramural bleeding.33 Chronically ischemic myocardium may
display structural remodeling of the coronary microvasculature, which appears as atrophy of
larger microvessels and reduced vascular distensibility.34:35 Moreover, myocardial reperfusion
injury could occur paradoxically, resulting in fresh myocardial injury and cardiomyocyte
death.36 This process leads to myocardial remodeling that results in reorganization of
myocytes, intercellular matrix components, and vessels. Any of these can be reduced, normal,
or increased, resulting in myocardial changes that are dependent on the loading conditions,
neuroendocrine activation, and genetic factors. Failure to recover from these adverse
remodeling events results in progressive dilatation, recruitment of border zone myocardium
into the scar, and eventually deterioration in contractile function, known as LV dysfunction.30,37

LV dysfunction is a criterion of HF. HF is associated with increased MACCE and
thrombotic events, such as venous thromboembolism, due to platelet activation and
hypercoagulability.38-43 In line with these concepts, our data demonstrated that patients
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with LV dysfunction experienced increased ischemic events compared with those without LV
dysfunction, and this difference was statistically significant.

Although the association between bleeding and HF is not well understood, some studies
have reported that HF accompanied with atrial fibrillation and chronic kidney disease
resulted in increased bleeding.44-46 In this study, major bleeding was significantly higher

in the REF group compared with the PEF group. The mechanisms of bleeding in HF have
not been clearly identified. However, it might be associated with platelet dysfunction and
microvascular damage with subsequent derangement of hemostasis, which might increase
bleeding.47 Therefore, antiplatelet and anticoagulation therapy in HF patients should be
carefully considered in the presence of concomitant vascular disease. Moreover, the balance
between thromboembolic and bleeding risk should be carefully monitored.

HPR with the antiplatelet agent clopidogrel is a well-known risk factor for ischemic events

in patients undergoing PCI.4849 We used 252 PRUs as the optimal cutoff value, which was
higher than the cutoff values used in Europe and the United States.48-50 Although the optimal
PRU value was higher than that in the Western population, the incidence of ischemic events
was lower, which was in concordance with the “East Asian concept.”>! Interestingly, the
outcomes were consistent even when the Western cutoff (208 PRUs) was adopted. This
demonstrates that the presence of HPR, regardless of whether the Western or East Asian
cutoffis being applied, stands out as a significant predictor of future ischemic events
(Supplementary Fig. 4). No consistent reports on the association between HPR and bleeding
events exist in the literature.48,52 The ADAPT-DES (Assessment of Dual AntiPlatelet Therapy
With Drug Eluting Stents, N = 8,583) study reported a reduction in relevant bleeding in the
HPR group compared with the no-HPR group. However, HPR status did not identify patients
at risk for bleeding in a multicenter, prospective registry (j-CHIPS) in Japan, suggesting

that ethnic differences might affect the results.48,52 In our study, even though HPR status

in patients with reduced EF resulted in increased MACCEs, it did not show any difference

in terms of bleeding events. This was in accordance with a Japanese study.48 Interestingly,
although the presence of HF demonstrated increased MACCE and bleeding risk in the study
population, only MACCE, and not bleeding, risk was significantly increased in conjunction
with HPR status. This suggests that HPR status may interfere with bleeding tendency in
patients with HF, which needs to be validated in a prospective study.

This study has a few limitations. First, the PTRG-DES registry only included patients treated
with clopidogrel (excluding potent P2Y;, inhibitors, such as prasugrel and ticagrelor).
However, including only those treated with clopidogrel resulted in homogeneity in the study
population. Second, owing to the non-randomized, observational cohort design, there may
have been inherent selection bias and the possibility of residual confounding factors even
after multivariable adjustment. Third, this analysis focused only on platelet reactivity and LV
functional status. Further investigations incorporating genetic aspects, like CYP2C19 gene
analysis, could be valuable. Finally, LVEF and PRU values were only assessed at the time of
index PCI, which might have changed during the study period. Despite these limitations

of restricting the generalizability of the results, this study has shown the impact of platelet
reactivity on LV function status in a large-scale East Asian PCI cohort.

LV dysfunction was associated with an increased incidence of MACCEs and major bleeding

in patients who underwent PCI. The HPR status further exhibited significant increase of
MACCE:s in patients with LV dysfunction in a large, real-world registry.
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