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Abstract

Aims Acute myocardial infarction (AMI) is associated with left ventricular remodelling (LVR), which leads to progressive
heart failure. Platelets play a pivotal role in promoting systemic and cardiac inflammatory responses during the complex
process of myocardial wound healing or repair following AMI. This study aimed to investigate the impact of platelet reactivity
immediately after primary percutaneous coronary intervention (PCI) on LVR in AMI patients with ST-segment (STEMI) and non-
ST-segment elevation (NSTEMI).
Methods and results This prospective, single-centre, observational study included 182 patients with AMI who underwent
primary PCI (107 patient with STEMI and 75 patients with NSTEMI). Patients were administered a loading dose of aspirin plus
prasugrel before the procedure, and platelet reactivity was assessed using the VerifyNow P2Y12 assay immediately after PCI.
Echocardiography was performed before discharge and during the chronic phase (8 ± 3 months after discharge). LVR was
defined as a relative ≥20% increase in left ventricular end-diastolic volume index (LVEDVI). LVR in chronic phase was found
in 34 patients (18.7%) whose platelet reactivity was significantly higher than those without LVR (259.6 ± 61.5 and
213.1 ± 74.8 P2Y12 reaction units [PRU]; P = 0.001). The occurrence of LVR did not differ between patients with STEMI and
patients with NSTEMI (21.5% and 14.7%; P = 0.33). The optimal cut-off value of platelet reactivity for discriminating LVR
was ≥245 PRU. LVEDVI significantly decreased at chronic phase in patients without high platelet reactivity (<245 PRU) (from
49.2 ± 13.5 to 45.4 ± 15.8 mL/m2; P = 0.02), but not in patients with high platelet reactivity (≥d245 PRU) (P = 0.06). Multivar-
iate logistic analysis showed that high platelet reactivity was an independent predictor of LVR after adjusting for LVEDVI before
discharge (odds ratio, 4.13; 95% confidence interval, 1.85–9.79).
Conclusions High platelet reactivity measured immediately after PCI was a predictor of LVR in patients with AMI during the
chronic phase. The role of antiplatelet therapy on inflammation in the myocardium is a promising area for further research.
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Introduction

Although mortality after myocardial infarction (MI) has de-
clined, the prevalence of post-MI heart failure (HF) continues
to increase.1 The development of the HF phenotype in these
patients arises from a complex, progressive, molecular, and

cellular transformation called ‘left ventricular remodelling
(LVR)’.2 Moreover, some studies have shown that LVR that
occurs after MI is related to long-term morbidity and
mortality.1 Therapeutic interventions such as early reperfu-
sion therapy and optimal medical therapy with neurohor-
monal antagonists have been developed to reduce infarct size
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and attenuate LVR development and progression.3,4 However,
a preventive strategy for LVR has not yet been established.

Platelets play a pivotal role in promoting systemic and
cardiac inflammatory responses during the complex process
of myocardial wound healing or repair following MI, which
can cause LVR and cardiac rupture.5,6 The REMODELLING
(Role of Platelet Reactivity in LV Remodelling after
ST-Segment Elevation Myocardial Infarction) trial first sug-
gested a relationship between platelet reactivity 3 days
after percutaneous coronary intervention (PCI) as well as
the risk for subsequent LVR in patients with ST-segment
elevation myocardial infarction (STEMI) during clopidogrel
treatment.6 Furthermore, the HEALING-AMI (High Platelet
Inhibition with Ticagrelor to Improve Left Ventricular Re-
modelling in Patients With ST-Segment Elevation Myocardial
Infarction) study showed ticagrelor, a potent oral P2Y12 in-
hibitor, was superior to clopidogrel for LVR after reperfusion
of STEMI with primary PCI.7 However, in these studies plate-
let reactivity was not assessed immediately after PCI, when
platelet aggregation may have been increased by various
invasions, including angioplasty.8,9 Furthermore, little is
known about the association between platelet reactivity
and LVR in patients with non-ST-elevation myocardial
infarction (NSTEMI), because previous studies have focused
on patients with STEMI. In addition, no study has investi-
gated the association between platelet reactivity immedi-
ately after PCI and evaluated structural changes in the LV
using echocardiography.

Herein, the aim of this study is to investigate the impact of
platelet reactivity immediately after primary PCI on LVR and
echocardiographic changes in the chronic phase in patients
with AMI, including STEMI and NSTEMI.

Methods

This prospective, single-centre, observational study was
performed from January 2016 to June 2021. The study was
approved by the ethics committee of Okayama City Hospital.
All participants provided written informed consent prior to
enrolment. All procedures were conducted in accordance
with the Declaration of Helsinki and its amendments. This
study was registered in the UMIN Clinical Trials Registry
(UMIN-000029729).

Patient population

Patients who were hospitalized for STEMI or NSTEMI and
who underwent primary PCI were prospectively enrolled.
Definitions of STEMI and NSTEMI were determined according
to appropriate guidelines.9,10 Briefly, STEMI was diagnosed
based on elevated levels of biomarkers for myocardial
necrosis (including troponin T, troponin I, or creatine kinase

muscle/brain), with ST-segment elevation of 1 mm or more
in at least two contiguous ECG leads; NSTEMI was defined
as elevated cardiac troponin I (cTnI) and symptoms of ische-
mia, without ST-segment elevation.

The exclusion criteria were as follows: (i) age <18 years;
(ii) death during hospitalization; (iii) lack of platelet reactivity
data; (iv) lack of appropriate echocardiographic data during
hospitalization (cases in which the echocardiographic data
were not appreciable for evaluation due to unclear images,
or the images were not saved because of the use of portable
ultrasonography); and (vi) cases with echo data outside the
follow-up period (8 ± 3 months), or cases where echocardio-
graphic follow-up was not performed.

The flow diagram of this study is presented in Figure 1. A
total of 349 patients with AMI who underwent index PCI
between January 2016 and June 2021 were identified from
the hospital. After screening, 182 patients were included in
the study. Platelet reactivity could not be measured in 36 pa-
tients because of hemodynamic instability or urgent treat-
ment. Moreover, there were no available echocardiographic
data in 32 patients, and 8 patients died during hospitaliza-
tion. Therefore, these patients were excluded, and 273 pa-
tients remained in the initial cohort. Of these, appropriate
echocardiographic data could not be acquired in 42 patients.
Additionally, 49 patients could not undergo echocardiogra-
phy within the designated period (8 ± 3 months) because
of deterioration in activities or hospitalization in other
institutions. The remaining 182 participants were enrolled
in the study.

Procedure

All PCI procedures were performed according to standard
techniques,10 and the stent type was chosen by the operator
after coronary angiography. We enrolled patients with AMI
undergoing primary PCI for an infarct-related artery located
in the proximal or midportion of a major epicardial coronary
artery. In all cases, the loading doses of prasugrel (20 mg) and
aspirin (200 mg) were administered in the cardiac catheter
laboratory after diagnostic coronary angiography, and
prasugrel (3.75 mg daily) and aspirin (100 mg daily) were
subsequently administered as maintenance doses according
to the guideline of the Japanese Circulation Society.11 In most
patients, dual antiplatelet therapy was continued for
6 months. At the discretion of the attending physician,
certain patients were prescribed oral anticoagulants instead
of aspirin, or were switched from prasugrel to clopidogrel
at discharge, according to their co-morbidity or bleeding risk.
All patients were treated with guideline-recommended
optimal pharmacological therapy, including beta-blockers, an-
giotensin blockers, and statins.3,10 Echocardiographic values
during hospitalization and 8 ± 3 months after discharge were
compared.
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Echocardiographic measurement and definition
of left ventricular remodelling

Echocardiographic images were obtained before discharge
in accordance with current European and American
guidelines.12,13 Echocardiography was performed using
commercially available equipment (EPIQ 7G Ultrasound
System, Philips Japan, Tokyo, Japan) before discharge and at
the follow-up visit. Echocardiographic recordings were
performed by three experienced echocardiographers who
were blinded to biomarker values. LV end-systolic and
end-diastolic volume indices (LVESVI and LVEDVI, respec-
tively) were calculated by dividing LVESV and LVEDV by body
surface area, as the reference values of LV volumes are signif-
icantly influenced by body mass.13 Left atrial (LA) volume was
measured using the biplane method of disks using apical
four- and two-chamber views at the LV end systole. The LA
volume index (LAVI) was calculated by dividing the absolute
LA volume by body surface area. Diastolic LV function was
assessed by measuring the ratio between the peak mitral
flow velocity in the early rapid filling phase (E) and the
average peak early diastolic mitral annulus velocity (e′).
Non-infarction-related segments were selected to obtain e′.
The modified Simpson’s rule was given priority in the
measurement of LVEF, LVESVI, and LVEDVI, and the M mode
was used when the measurement was not performed accord-
ing to the modified Simpson’s rule.

The LV remodelling index was calculated as the relative
change in LVEDVI observed in the chronic phase compared
with that at baseline. LVR was defined as a relative increase
in LVEDVI ≥ 20%.7 Patients were divided into LVR and
non-LVR groups according to presence or absence of LVR in
the chronic phase.

Laboratory measurement and assessment of
platelet reactivity

Baseline biochemical assessments were performed before
the index procedure. Platelet function in response to
prasugrel was assessed using the VerifyNow P2Y12 assay
(International Technidyne Corporation, Edison, NJ, USA), ac-
cording to the manufacturer’s instructions.14 Blood samples
were collected once per procedure from the artery immedi-
ately before sheath removal following PCI. VerifyNow P2Y12
is a whole-blood point-of-care assay that measures
responsiveness to P2Y12 antagonists. The cartridge contained
fibrinogen-coated polystyrene beads, 20 μM ADP, and 22 nM
prostaglandin E1; the optical signal of this channel was
reported as P2Y12 reaction units (PRU; range, 0–550).15

Statistical analysis

Categorical variables are presented as numbers (%).
Normally distributed continuous variables are shown as the
mean ± standard deviation and were compared between
groups using Student’s t-test. Continuous variables that were
not normally distributed are shown as medians with inter-
quartile ranges and were compared using the Mann–Whitney
U test. The association between continuous variables was in-
vestigated using Pearson’s correlation coefficient. Receiver
operating characteristic curve analysis was performed to ob-
tain an ideal cut-off for PRU to discriminate the presence of
LVR, which was determined as the value providing the
greatest sum of sensitivity and specificity. Univariate and mul-
tivariate logistic analyses were used to identify the significant
factors associated with the primary endpoint. Multivariate

Figure 1 Flow diagram of this study. AMI, acute myocardial infarction; PCI, percutaneous coronary intervention.
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analysis was performed using variables with P values <0.05
in univariate analyses. Statistical significance was set at P
value <0.05. All analyses were conducted using the SPSS
version 21.0 software (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics and incidence of left
ventricular remodelling

The demographic and clinical characteristics of patients are
presented in Table 1. The mean age of the study population
was 68.2 years, and 78.6% of patients were men. The preva-
lence of hypertension and diabetes was 67.6% and 33.0%, re-
spectively. The follow-up duration was 7.2 ± 1.7 months. LVR
was observed in 18.7%, or 34 cases. LVR occurred in 21.5%
(n = 23) among 107 STEMI patients, and in 14.7% (n = 11)
among 75 NSTEMI patients, with no statistically significant
difference between patients with STEMI and NSTEMI
(P = 0.332). There were no differences in age, sex, or blood
pressure between the LVR and non-LVR groups. The LVR
group had higher platelet reactivity (P = 0.001) than the
non-LVR group, whereas laboratory characteristics, except
for platelet reactivity, did not differ between the two groups.

In addition, there were no significant differences in co-
morbidities, PCI-related characteristics, or medication at dis-
charge between the two groups. The proportion of patients
with TIMI 3 did not differ between the two groups
(P = 0.849). Regarding echocardiographic parameters, LVEDVI
in the LVR group was significantly higher than that in the non-
LVR group (P = 0.008), while there was no difference in other
parameters, including LVMI, LVEF, LVESVI, LAVI, and E/e′,
between these two groups.

Association of high platelet reactivity and
changes in echocardiographic parameters

A Pearson’s correlation analysis demonstrated that platelet
reactivity at baseline was significantly associated with
changes in LVEDVI (r = 0.23, P = 0.002), LVESVI (r = 0.17,
P = 0.020), and LVMI (r = 0.15, P = 0.046). In contrast, LVEF
(r = �0.11, P = 0.122), LAVI (r = 0.10, P = 0.184), and E/e′
(r = 0.08, P = 0.261), were not significantly associated. The op-
timal cut-off value of platelet reactivity for discriminating LVR
by using receiver operating characteristic curve analysis was
244.5 PRU, with a sensitivity of 0.706 and a specificity of
0.655 (AUC: 0.689; 95% CI: 0.595 to 0.783). Therefore, we
set the cut-off value for platelet reactivity that defined high
platelet reactivity (HPR) as ≥245 PRU. HPR was found in 75
patients (41.2%) among all patients.

A comparison of echocardiographic parameters before dis-
charge and during the chronic phase is shown in Figure 2. In

the HPR group, LVEF was significantly increased in the chronic
phase (58.3 ± 10.9% vs. 60.6 ± 11.6%; P = 0.013), while
LVEDVI, LVESVI, LAVI, LVMI, and E/e′ did not change signifi-
cantly. In contrast, in the non-HPR group, LVEF was increased
significantly [60.3 ± 11.8 vs. 62.9 ± 11.5 (%); P = 0.005], and
LVEDVI [49.2 ± 13.5 vs. 45.4 ± 15.8 (mL/m2); P = 0.020],
LVESVI [20.0 ± 10.1 vs. 16.8 ± 8.8(mL/m2); P < 0.001], LAVI
(28.0 ± 8.3 vs. 26.3 ± 9.1, P = 0.070), LVMI (106.9 ± 27.2 vs.
98.9 ± 27.4, P = 0.003), and E/e′ (13.4 ± 4.2 vs. 11.9 ± 3.8,
P < 0.001), were significantly decreased.

Table 2 shows the change in echocardiographic parame-
ters in patients with STEMI and NSTEMI. In patients with
STEMI, LVEF was increased, and LVEDVI, LVESVI, and E/e′
were decreased significantly in the non-HPR group, while
LVEF only improved in the HPR group. Similarly in patients
with NSTEMI, LVESVI, LVMI, LAVI, and E/e′ were decreased
significantly in the non-HPR group, while LVMI only de-
creased in the HPR group. However, LVEF did not improve sig-
nificantly in both groups.

Impact of high platelet reactivity on left
ventricular remodelling

The logistic analysis of the predictors of LVR is shown in Table
3. The univariate logistic analysis demonstrated that the pres-
ence of LVR was significantly associated with LVEDVI (odds
ratio, 4.56; 95% confidence interval, 2.08–10.7; P < 0.001)
and HPR (odds ratio, (0.95; 95% confidence interval,
0.92–0.99; P = 0.009). The multivariate logistic analysis also
showed that the presence of LVR was significantly associated
with LVEDVI (odds ratio, 0.96; 95% confidence interval,
0.92–0.99; P = 0.026) and HPR (odds ratio, 4.13; 95% confi-
dence interval, 1.85–9.79; P < 0.001).

Discussion

To our knowledge, this is the first study to evaluate the asso-
ciation between platelet reactivity immediately after primary
PCI with LVR and each echocardiographic parameter in pa-
tients with AMI, including STEMI and NSTEMI. We found that
in patients with AMI, HPR (e.g. PRU ≥ 245) measured imme-
diately after primary PCI was an independent predictor of
LVR, with patients with HPR having an approximately
4.13-fold greater risk of LVR.

Previous studies have reported a negative impact of acti-
vated platelets on adverse cardiac events, suggesting that
HPR is significantly and independently associated with
cardiovascular death andmajor adverse coronary events in pa-
tients with acute coronary syndrome (ACS) undergoing
PCI.16,17 HPR was also a prognostic factor for cardiovascular
events in patients with stable angina,18–20 and a recent report
also showed that HPR is associated with long-termmortality in
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Table 1 Baseline characteristics

All (n = 182) LVR (n = 34) Non-LVR (n = 148) P-value

Age, years 68.2 ± 12.8 66.6 ± 12.4 68.6 ± 12.9 0.413
Male 143 (78.6) 27 (79.4) 116 (78.4) 1.000
Body mass index, kg/m2 23.9 ± 3.8 23.3 ± 3.1 24.1 ± 3.9 0.258
SBP, mmHg 140.3 ± 37.9 138.8 ± 31.3 140.7 ± 39.4 0.794
DBP, mmHg 85.4 ± 24.5 86.7 ± 24.3 85.1 ± 24.6 0.730
Heart rate, /min 74.9 ± 22.9 77.0 ± 18.3 74.4 ± 23.8 0.542
Laboratory characteristics

WBC, 103/mm3 9.3 ± 3.1 9.5 ± 3.1 9.3 ± 3.1 0.693
Haemoglobin, g/dl 10.5 ± 4.7 9.6 ± 5.0 10.7 ± 4.6 0.209
Platelet, 103/mm3 234.4 ± 87.9 221.7 ± 53.2 237.3 ± 94.0 0.354
eGFR, mL/min/1.73 m2 64.7 ± 21.0 63.9 ± 19.5 64.9 ± 21.4 0.807
hsCRP, mg/L 0.19 (0.07–0.52) 0.2 (0.0–0.5) 0.2 (0.1–0.5) 0.279
HbA1c, % 6.4 ± 1.2 6.0 ± 0.5 6.5 ± 1.3 0.078
LDL-C, mg/dL 110.3 ± 36.5 110.8 ± 38.2 110.2 ± 36.3 0.935
Peak CPK, ng/mL 1780.3 ± 2134.4 2398.7 ± 2,561 1638.2 ± 2007.1 0.061
BNP, pg/mL 50.7(14.3–154.4) 37.7(15.5–129.7) 52.3(14.3–161.8) 0.763
D-dimer, ng/mL 1.1 ± 1.8 1.2 ± 1.5 1.1 ± 1.9 0.777
Platelet reactivity, PRU 221.8 ± 74.6 259.6 ± 61.5 213.1 ± 74.8 0.001

Co-morbidities
Hypertension 123 (67.6) 22 (64.7) 101 (68.2) 0.846
Dyslipidaemia 91 (50.0) 20 (58.8) 71 (48.0) 0.342
Diabetes mellitus 60 (33.0) 10 (29.4) 50 (33.8) 0.774
Chronic kidney disease 16 (8.8) 2 (5.9) 14 (9.5) 0.743
Smoking 100 (54.9) 18 (52.9) 82 (55.4) 0.945

PCI-related characteristics
STEMI 107 (58.8) 23 (67.6) 84 (56.8) 0.332
Aspiration thrombectomy 118 (64.8) 24 (70.6) 94 (63.5) 0.562
PCPS/IABP 17 (9.3) 4 (11.8) 13 (8.8) 0.832
Multivessel disease 62 (34.3) 13 (39.4) 49 (33.1) 0.628

Infarct-related artery 0.805
LAD/Left main 109 (59.9) 22 (64.7) 87 (58.8)
Left circumflex 26 (14.3) 4 (11.8) 22 (14.9)
Right coronary 47 (25.8) 8 (23.5) 39 (26.4)

Treatment for culprit lesion 0.506
Drug-eluting stent 169 (92.9) 30 (88.2) 139 (93.9)
Drug coated balloon 10 (5.5) 3 (8.8) 7 (4.7)
POBA 3 (1.6) 1 (2.9) 2 (1.4)

Final TIMI grade after PCI 0.373
0 2 (1.1) 0 (0.0) 2 (1.4)
1 0 (0.0) 0 (0.0) 0 (0.0)
2 5 (2.7) 2 (5.9) 3 (2.0)
3 175 (96.2) 32 (94.1) 143 (96.6)

Medications at discharge
Prasugrel 148 (81.3) 27 (79.4) 121 (81.8) 0.942
Clopidogrel 27 (14.8) 4 (11.8) 23 (15.5) 0.771
Aspirin 173 (95.1) 30 (88.2) 143 (96.6) 0.111
ACEI or ARB 138 (75.8) 26 (76.5) 112 (75.7) 1.000
Beta-blocker 136 (74.7) 26 (76.5) 110 (74.3) 0.967
MRA 30 (16.5) 5 (14.7) 25 (16.9) 0.957
Oral anticoagulants 15 (8.2) 4 (11.8) 11 (7.4) 0.629
Statins 171 (94.0) 32 (94.1) 139 (93.9) 1.000
Proton pump inhibitors 53 (29.1) 8 (23.5) 45 (30.4) 0.558

Echocardiographic parameters
LVMI, g/m2 106.8 ± 26.2 108.3 ± 26.1 100.4 ± 26 0.122
LAVI, mL/m2 29.8 ± 9.5 29.8 ± 10.1 29.6 ± 6.8 0.909
E/e′ 13.9 ± 4.7 13.9 ± 4.4 13.8 ± 5.8 0.976
LVEF, % 59.5 ± 11.5 60 ± 11.1 56.9 ± 12.8 0.153
LVEDVI, mL/m2 47.6 ± 13.0 48.8 ± 12.8 42.3 ± 12.5 0.008
LVESVI, mL/m2 19.71 ± 9.34 19.78 ± 8.93 19.38 ± 11.11 0.821

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; CPK, creatine phospho-
kinase; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; hsCRP, high-sensitivity C-
reactive protein; IABP, intra-aortic balloon pumping; LAD, left atrial dimension; LAVI, left atrial volume index; LDL-C, low-density lipopro-
tein cholesterol; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular
end-systolic volume index; LVMI, left ventricular mass index; MRA, mineralocorticoid receptor antagonist; SBP, systolic blood pressure;
STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; PCPS, percutaneous cardiopulmonary support; POBA,
plain old balloon angioplasty; PRU, P2Y12 reaction units; WBC, white blood cell.
Data are presented as number (%), mean ± standard deviation, or median (25th–75th percentile).
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patients with stable angina and ACS.21 However, the effect of
platelet reactivity after PCI on cardiac function in the chronic
phase has not been fully investigated. The REMODELLING trial
was the first to show the association between platelet activa-
tion and the LVR process in patients with STEMI and
clopidogrel loading.6 Our study adds new insights to the re-
sults of the REMODELLING trial by showing the relationship

between HPR and LVR, with the difference that prasugrel
was administered instead of clopidogrel and that both STEMI
and NSTEMI were included. Moreover, the fact that low plate-
let reactivity immediately after PCI predicted preferable car-
diac function in the chronic phase was a remarkable finding.
Notably, this result was not limited to STEMI patients, but
was also observed in those with NSTEMI in this study.

Figure 2 Change in echocardiographic parameters in acute versus chronic phase, for HPR and non-HPR respectively (all cases; n = 182). (A) LVEF, (B)
LVEDVI, (C) LVESVI, (D) LVMI, (E) LAVI, and (F) E/e′. HPR, high platelet reactivity; LAVI, left atrial volume index; LVEDVI, left ventricular end-diastolic
volume index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; LVMI, left ventricular mass index.

Table 2 Change in echocardiographic parameters in acute versus chronic phase, for HPR and non-HPR respectively

STEMI (n = 107) HPR (n = 50) P-value Non-HPR (n = 57) P-value

LVEF, % 57.3 ± 11.3 59.6 ± 11.6 0.046 56.4 ± 12.7 60.5 ± 11.5 <0.001
LVEDVI, mL/m2 44.9 ± 9.8 48.8 ± 13.8 0.060 48.5 ± 15.3 43.7 ± 14.4 0.026
LVESVI, mL/m2 19.4 ± 7.3 20.1 ± 9.9 0.558 22.0 ± 12.0 17.8 ± 10.5 0.002
LVMI, g/m2 107.7 ± 24 106.7 ± 24.8 0.463 109.8 ± 31.7 102.1 ± 31 0.071
LAVI, mL/m2 33.2 ± 9.9 33.0 ± 11.6 0.779 28.2 ± 9.2 26.9 ± 9.9 0.471
E/e′ 14.4 ± 5.4 13.7 ± 6.3 0.384 13.5 ± 4.2 12.1 ± 4.4 0.015

NSTEMI (n = 75) HPR (n = 25) P-value Non-HPR (n = 50) P-value

LVEF, % 60.3 ± 10.1 62.6 ± 11.6 0.156 64.7 ± 9.0 65.6 ± 11.0 0.521
LVEDVI, mL/m2 46.0 ± 15.5 47.9 ± 17.6 0.561 50.0 ± 11.3 47.3 ± 17.2 0.289
LVESVI, mL/m2 18.9 ± 9.9 19.2 ± 14.6 0.874 17.8 ± 6.9 15.8 ± 6.2 0.043
LVMI, g/m2 108.6 ± 26.9 100.4 ± 19.4 0.046 101.9 ± 20.6 95.3 ± 22.5 0.018
LAVI, mL/m2 31.1 ± 11.8 30.9 ± 12.4 0.801 27.8 ± 7.4 25.6 ± 8.1 0.041
E/e′ 14.8 ± 5.0 15.1 ± 7.0 0.751 13.3 ± 4.2 11.8 ± 3.0 0.001

HPR, high platelet reactivity; LAVI, left atrial volume index; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejec-
tion fraction; LVESVI, left ventricular end-systolic volume index; LVMI, left ventricular mass index; NSTEMI, non-ST-elevation myocardial
infarction; STEMI, ST-elevation myocardial infarction.
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Previous studies have shown that prasugrel and ticagrelor
achieve platelet inhibition earlier and maintain it lower for a
longer period than clopidogrel does.22,23 The difference in
the effect of prasugrel and ticagrelor on platelet reactivity re-
mains unclear; however, both drugs seem to be superior to
clopidogrel in lowering PRU effectively. In the HEALING-AMI
study, platelet reactivity was measured before the PCI proce-
dure (immediately after sheath insertion) in the acute phase,
and was not found to be significantly different between the
clopidogrel and ticagrelor groups.7 However, that study sug-
gested that PRU values at discharge and 30 days after PCI
were significantly different between the two groups, and that
ticagrelor was superior to clopidogrel for LVR. Both prasugrel
and ticagrelor have been shown to sufficiently suppress
platelet reactivity approximately 2 h after oral loading dose
administration.22 In addition, previous studies showed that
cytochrome P-450 genetic variants did not affect inhibition
of platelet aggregation in patients treated with prasugrel.24,25

Meanwhile, platelet reactivity has been demonstrated to af-
fected by PCI.8,9,26 We also reported that an increase in plate-
let reactivity just after elective PCI was associated with in-
creased risk of PCI-related myocardial infarction.26

Additional studies showed that platelets are activated during
PCI due to regional endothelial dysfunction caused by ische-
mia or by iatrogenic reasons.8,9 Considering that high platelet
activity influences the inflammatory status, we hypothesized
that LVR may be affected by a condition with high platelet re-
activity after PCI induced by both the acute myocardial infarc-
tion and the PCI procedure. Therefore, timing sample collec-
tion immediately after PCI should be appropriate for
determining whether platelet function is effectively
suppressed.

This study added new insights to the literature by including
patients with NSTEMI and improved echocardiographic pa-
rameters in the chronic phase, regardless of STEMI or NSTEMI
in non-HPR patients. However, LVEF and LVEDVI did not

improve in patients with NSTEMI, regardless of platelet reac-
tivity. One possible explanation for this is that the duration
from the onset to PCI varied among patients with NSTEMI be-
cause some patients were not referred to the hospital soon
after the onset. In such cases, CPK often peaked upon the pa-
tient’s arrival at our hospital. In contrast, minimal cardiac in-
jury is likely to be more common in NSTEMI than in STEMI
cases. We considered this to be the main reason that LVEF
did not improve in patients with NSTEMI, and there was no
association between peak CPK value and the occurrence of
LVR in this study. It has been reported that delayed reperfu-
sion therapy is associated with LVR,27 and it may be also as-
sociated with strong myocardial inflammation despite rela-
tively low peak CPK values.

Regarding the underlying mechanisms between platelet
reactivity and LVR, inflammation may have a critical role.
The inflammatory response after an infarct event results in
the formation of an extracellular matrix by fibroblasts, and
persistent and exaggerated inflammatory responses after in-
farct events contribute to infarct expansion and LVR.28,29

Platelets contribute to inflammatory responses through two
fundamental mechanisms5: granular release of inflammatory
mediators, such as serotonin, histamine, chemokines, cyto-
kines, and MMPs2; and platelet-leukocyte interaction, con-
tributing to activation of leukocytes and recruitment to in-
flamed tissues, which is mainly mediated by P-selectin/
PSGL-1.5,30 Treatment with a P2Y12 inhibitor suppresses the
proportion of P-selectin-expressing platelets and inhibits
platelet-leukocyte interactions.5 It remains unclear whether
suppressing platelet reactivity directly inhibits myocardial re-
modelling and improves patient prognosis, while several ani-
mal studies have suggested that P2Y12 inhibitors limit LVR
myocardial infarct size and LVR progression.5,31 In the present
study, LVR was suppressed in patients without HPR and car-
diac function was improved in the chronic phase, suggesting
that platelet reactivity may be a marker of cardiac function

Table 3 Predictors of the presence of LVR

Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

HPR ≥ 245 PRU 4.56 (2.08–10.7) <0.001 4.13 (1.85–9.79) <0.001
LVEDVI before discharge, per 1 mL/m2 0.95 (0.92–0.99) 0.009 0.96 (0.92–0.99) 0.026
LVESVI before discharge, per 1 mL/m2 1.00 (0.95–1.03) 0.820
STEMI 1.59 (0.73–3.62) 0.247
Body mass index, per 1 kg/m2 0.94 (0.84–1.04) 0.257
Peak CPK, per 1 U/mL 1.00 (1.00–1.00) 0.070
hs-CRP, per 1 mg/L 0.89 (0.66–1.08) 0.400
Aspirin 0.26 (0.06–1.11) 0.056
Beta-blocker 1.12 (0.48–2.84) 0.795
ACEI/ARB 1.04 (0.45–2.65) 0.922
HbA1c, per 1% 0.66 (0.39–1.00) 0.084
Platelet, per 103/mm3 1.00 (0.99–1.00) 0.346
D-dimer, per 1 ng/mL 1.03 (0.81–1.24) 0.776

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; CPK, creatine phospho-
kinase; HbA1c, glycated haemoglobin; HPR, high platelet reactivity; hsCRP, high-sensitivity C-reactive protein; LVEDVI, left ventricular
end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; STEMI, ST-elevation myocardial infarction; PRU, P2Y12 re-
action units.

Platelet reactivity and LV remodering after MI 7

ESC Heart Failure (2022)
DOI: 10.1002/ehf2.14100



in the chronic phase. The increase in C-reactive protein, a
marker of inflammation, was reported to be associated with
the development of heart failure in patients after AMI,32 al-
though it cannot be a therapeutic target. The potential for
potent P2Y12 inhibitors to suppress activated platelet reactiv-
ity, subsequent inflammation, and LVR, especially after PCI in
patients with AMI, may be a new focus for chronic HF for
which further studies are required.

Low platelet reactivity in the acute phase could predict less
LVR development in the chronic phase and preferable cardiac
function, which may explain the previously reported occur-
rence of cardiovascular events and poor prognosis in patients
with HPR.16–21 Therefore, HPR immediately after PCI may
provide a reason for the earlier and more intensive adminis-
tration of such medications, and for closer follow up, in order
to prevent LVR. Moreover, it is important to suppress platelet
reactivity as strongly as possible during PCI. Acute antiplate-
let effects should be considered in the future as a novel ap-
proach to suppress myocardial remodelling in the chronic
phase. P2Y12 inhibition against LVR may be a promising area
for further research investigating factors that improve the
prognosis of patients with AMI.

Limitations

First, this study involved a relatively small number of patients
and was conducted at a single centre. In addition, patients
with unstable hemodynamic condition on admission and no
available echocardiographic data, as well as patients who
died during hospitalization, were excluded. Therefore, it can-
not be denied that selection bias has affected the results.
Second, we only assessed platelet reactivity immediately af-
ter the PCI procedure and did not follow-up on residual plate-
let reactivity during treatment. However, a single measure-
ment may not be sufficient to clarify the relationship
between platelet reactivity and LVR. Hence, serial measure-
ment of platelet reactivity are required to clarify the optimal
timing of platelet reactivity. Third, we evaluated platelet reac-

tivity using VerifyNow, although other tests to measure plate-
let function have also been developed.33,34 Further study
using additional tests will be needed to better understand
the mechanistic background of platelet activity and LVR.
Fourth, in this study, the impact of STEMI or NSTEMI on the
association of HPR with LVR was not statistically significant,
probably due to the limited number of LVR. To confirm this,
larger studies are warranted. Finally, there were some cases
in which adherence to pharmacological therapy could not
be followed.

Given the above, further prospective studies with larger
numbers of patients and longer follow-up periods are needed
to confirm the findings of this study.

Conclusions

HPR immediately after PCI (platelet reactivity ≥245 PRU) was
associated with the incidence of LVR in the chronic phase of
AMI. Platelet reactivity in the acute phase may be a potential
biomarker for predicting cardiac function in the chronic
phase following an ischemic event. The role of antiplatelet
therapy after ischemic events and its effect on inflammation
in the myocardium are promising areas for further research.
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