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Platelet Reactivity Was Not Associated with Infarct Size after

Primary Percutaneous Coronary Intervention
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Potent antiplatelet therapy after primary percutaneous coronary intervention (PCI)
has the potential to reduce infarct size. This study analyzed the association between
on-treatment platelet reactivity and myocardial infarct size in patients with ST-seg-
ment elevation myocardial infarction (STEMI) undergoing primary PCI. In this sin-
gle-center, retrospective study, 253 patients who underwent primary PCI for STEMI
were divided into two groups according to platelet reactivity measurements (53 patients
in the high platelet reactivity [HPR] group and 200 in the non-HPR group). Technetium
Tc-99m tetrofosmin single-photon emission computed tomography (SPECT) was per-
formed before hospital discharge. We measured the infarct size using SPECT imaging
and serial cardiac biomarker levels, and compared the infarct sizes of each group. The
patients with HPR were older (65.5+13.2 vs. 60.6+12.1 years, p=0.011) than the pa-
tients with non-HPR. On the other hand, the non-HPR group had a higher incidence
of smoking (26.4% vs. 51.0%, p=0.001) than the HPR group. Infarct size was similar
between the two groups (22.6+17.3% vs. 24.8+17.7%, p=0.416). Multivariate analysis
revealed that onset to balloon time >240 min (odds ratio [OR]=1.92; 95% confidence
interval [CI]=1.08-3.40; p=0.025) and anterior infarction (OR=5.28; 95% CI1=3.05-9.14;
p<0.001) were independent predictors of large (>22%) infarct size. HPR was not a pre-
dictor of infarct size assessed by SPECT. The two groups also showed analogous cumu-
lative creatinine kinase-myocardial band and troponin T levels. In conclusion, com-
pared to non-HPR, HPR showed no significant association with myocardial infarct size
measured by SPECT imaging in early phase of MI.
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INTRODUCTION

Acute ST-segment elevation myocardial infarction (STEMI)
is one of the largest causes of death worldwide. Mortality
and morbidity following STEMI is highly associated with
infarct size. Large infarct size increases the risk of sympto-
matic heart failure and cardiac death."™ One study demon-
strated that patients with an infarction >12% of the left
ventricle showed a 7% mortality rate at 2 years, while those
with an infarction <12% had 0% mortality.” Thus, optimiz-
ing the strategy to minimize infarct size is essential to
STEMI management.

Prompt revascularization is the cornerstone to treating
STEMI patients. In addition to primary percutaneous coro-
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nary intervention (PCI), various antiplatelet therapies have
been applied in acute MI treatment. These antiplatelet
agents play a potential role in reducing infarct size, as they
affect the no-reflow phenomenon and microvascular ob-
struction which are associated with embolization of par-
ticles during primary PCL%’ Studies using antiplatelet
agents demonstrated that newer agents such as ticagrelor
and prasugrel had greater reduction effects of infarct size
than clopidogrel.*'° However, other research has also re-
ported conflicting evidence."

Therefore, we hypothesized that platelet reactivity after
antiplatelet treatment could be associated with infarct
size. We retrospectively analyzed the connection between
on-treatment platelet reactivity and myocardial infarct
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size estimated by technetium Tec-99m tetrafosmin sin-
gle-photon emission computed tomography (SPECT) in
STEMI patients treated with primary PCI.

MATERIALS AND METHODS

1. Study population

The present study was a single-center, retrospective, co-
hort analysis. From February 2015 to March 2019, consec-
utive patients who were treated with primary PCI for
STEMI were enrolled as the study participants. We re-
cruited eligible patients of at least 20 years of age, who,
within 24 hours of symptom onset, showed documented is-
chemia with significant lesions in a native coronary artery.
Exclusion criteria included lack of platelet reactivity and
SPECT data, need for oral anticoagulation therapy, plate-
let glycoprotein IIb/IIla inhibitors, and previous medi-
cation with P2Y12 receptor blockers. A detailed study flow
is presented in Fig. 1.

Risk factors, such as the following were recorded: pre-
vious history of hypertension or current antihypertensive
therapy treatment, diabetes treated with insulin or oral
antihyperglycemic agent or baseline HbAlc >6.5%, and
any type of smoking experience in the last 1 month. All pa-
tients provided informed consent for processing their anon-
ymous data, according to a protocol approved by the Insti-
tutional Review Board of Wonkwang University Hospital
(2019-04-004).

Eligible patients received echocardiography and SPECT
imaging before hospital discharge. All patients received a
30-day clinical follow-up and echocardiographic examina-
tion 30 days after PCI.

2. Percutaneous coronary intervention

Aspirin (300 mg/day) was administered to all patients
before the PCI procedure. A P2Y12 inhibitor, clopidogrel
(300 mg) or ticagrelor (180 mg) was also loaded according
to the operator’s preference. An intravenous bolus of 5,000 U
of unfractionated heparin was injected, and then addi-

622 STEMI patients underwent primary PCI
15 patients with in-hospital death
52 patients with chronic P2Y12 inhibitor
24 patients with oral anticoagulation therapy
88 patients received platelet glycoprotein lib/llla inhibitors

}

427 patients measured platelet reactivity at 48 hours
307 patients measured by Multiplate
120 patients measured by VerifyNow
19 patients changed to other antiplatelet agent

}

253 patients underwent radionuclide image before discharge
53 patients showed high platelet reactivity
200 patients showed no high platelet reactivity

FIG. 1. Flow chart of entire study. STEMI: ST-segment elevation
myocardial infarction, PCI: percutaneous coronary intervention.
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tional heparin boluses were administered to maintain acti-
vated clotting time >300 s during the procedure. Standard
interventional techniques with second generation drug-
eluting stents were used to perform coronary angiography
and stent implantation. After the procedure, all of the pa-
tients were prescribed aspirin (100 mg/day), clopidogrel
(75 mg/day) or ticagrelor (180 mg/day) and statins.

3. Platelet reactivity assessment

Blood samples were obtained from patients 48 hours af-
ter PCI for platelet function testing. Multiple electrode pla-
telet aggregometry (Multiplate analyzer, Roche Diagnostics
GmbH, Mannheim, Germany) or VerifyNow (Accumetrics,
CA, USA) was used to assess platelet reactivity. High on-
treatment platelet reactivity (HPR) was defined as =47 U
for Multiplate analyzer and >208 P2Y12 reaction unit for
VerifyNow."?

4. Myocardial infarct size

Myocardial infarct size was estimated using SPECT
imaging and enzymatic measurements. Creatine kinase
myocardial band (CK-MB) isoenzyme and cardiac troponin
T were measured before and 8, 24, and 48 hours after pri-
mary PCI. Peak concentrations were distinguished, and
the time-concentration curve zone was defined using car-
diac biomarker levels measured at individual time-points."

SPECT imaging with technetium Tc-99m tetrofosmin
was performed according to a standardized technique.'*"”
After administering adenosine, 370 MBq of technetium
Tc-99m tetrofosmin was injected intravenously to obtain
stress myocardial images. After 4 hours, another 1110 MBq
of technetium Tc-99m tetrofosmin was injected intravenous-
ly to acquire rest myocardial images. SPECT imaging was
performed with a dual-headed gamma camera (Vertex 60,
Philips ADAC, USA) equipped with high-resolution colli-
mators. A specialist, with no previous knowledge of the pa-
tients’ groups, quantified the size of infarction and expres-
sed it in percentages regarding the involvement of the left
ventricle. Ejection fraction, summed motion score, and sum-
med thickening score were estimated using automatic met-
hod.

5. Study end points
The primary end point was myocardial infarct size, as as-

sessed by SPECT imaging. The secondary end points in-
cluded (1) infarct size estimated by serial cardiac bio-
marker measurements, (2) composite outcomes in 30-day
clinical trials of all-cause mortality, recurrent myocardial
infarction, ischemic stroke, any type of revascularization,
and re-hospitalization for congestive heart failure, and (3)
in-hospital and 30-day echocardiographic parameters in-
cluding ejection fraction and wall motion score index.

6. Statistical analysis

All measurements were represented as meanzstandard
deviation or absolute number (percentage). Inter-group
analysis was performed using independent ¢-test, y° test,
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and Fischer’s exact test, which were conducted using SPSS
26.0 for Window (SPSS Inc., Chicago, IL). Infarct size, ac-
cording to the tirtile of platelet reactivity, was compared
by ANOVA test. A multivariable logistic regression model
was constructed to predict large infarct size (greater than
median value, >22%). The following variables selected ac-
cording to significant univariate analysis were inserted in-
to the logistic regression analysis: onset to balloon time, an-
terior MI, and final thrombolysis in myocardial infarction
(TIMI) flow grade. Statistical significance was set at p<
0.05.

RESULTS

1. Baseline characteristics

HPR was shown in 20.9% of patients at 48 hours. Table
1 displays the baseline clinical characteristics of the pa-
tients in both groups. Patients with HPR were older (65.5+
13.2 vs. 60.6+£12.1 years, p=0.011) than patients with non-
HPR, while the non-HPR group had higher incidence of
smokers (26.4% vs. 51.0%, p=0.001) than the HPR group.
Compared to the non-HPR group, the HPR group showed
a higher rate of female gender, diabetes, and previous is-
chemic stroke. However, these were not statistically sig-

TABLE 1. Baseline clinical characteristics

HPR Non-HPR
(n=53) (n=00) PValue

Age (years) 65.5£13.2 60.6+12.1 0.011
Male (%) 36 (67.9) 160 (80.0) 0.061
Body mass index (kg/m?) 23.3+3.3 24.3+3.5  0.056
Hypertension (%) 24 (45.3) 94 (47.0) 0.824
Diabetes (%) 14 (26.4) 31(15.5) 0.065
Current smoker (%) 14 (26.4) 102 (51.0) 0.001
Prior ischemic stroke (%) 5(9.4) 6(3.00 0.056
Anterior infarction (%) 27 (50.9) 100 (50.0) 0.903
Killip class =2 (%) 8(15.1) 31(15.5) 0.942
Door-to-balloon time (min) 74x12 68+5 0.599
Onset-to-door time (min) 289+33 285+19 0.923
Baseline laboratory findings

Platelet (x10*/uL) 250.4+£78.8 233.9+51.5 0.155

Serum creatinine (mg/dL) 0.96+0.30 1.03+0.68 0.463

Troponin T (ng/mL) 0.52+1.43 0.60+2.52 0.835

LDL cholesterol (mg/dL) 117.0+34.1 117.1+42.2 0.990

hsCRP (mg/L) 8.4+26.5 5.7+22.0 0.463

BNP (pg/mL) 167.0£319.7 114.1+280.1 0.267
Medications after procedure (%)

Aspirin 53 (100) 198 (99.0) 1.000

ACE inhibitor 34 (64.2) 139 (69.5) 0.457

ARB 16 (30.2) 49 (24.5) 0.399

Beta blocker 41(77.4) 170(85.0) 0.184

Statin 53 (100) 196 (98.0) 0.582

CKMB: creatine kinase myocardial band isoenzyme, LDL: low
density lipoprotein, hsCRP: high-sensitivity C-reactive protein,
ACE: angiotensin converting enzyme, ARB: angiotensin receptor
blocker.
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nificant. Other risk factors like onset-to-balloon time and
baseline laboratory findings were analogous between the
two groups.

The two groups showed similar angiographic and proce-
dural characteristics (Table 2). The HPR group had higher
incidences of clopidogrel pretreatment than the non-HPR
group (90.6% vs. 27.0%, p<0.001). However, regarding the
incidence of slow/no-reflow and final TIMI flow grades, the
two groups displayed similar results.

2. Primary endpoint

The SPECT imaging was obtained at a mean of 2.4+1.1
days (interquartile range, 2-3 days) after PCI. The median
infarct size assessed by SPECT was 22.0% (interquartile
range, 10.0-37.0%). There was no difference in infarct size
between the patients treated with clopidogrel and those
with ticagrelor (24.4+18.0 vs. 24.3+17.4%, p=0.961). More-
over, Infarct size did not differ significantly with the tirtile
of platelet reactivity (Fig. 2). Infarct size was 24.5+17.6%,
28.8+17.7, 23.7+18.8% from 1 to 3™ tirtile of platelet re-
activity by mutiplate analyzer (p=0.267), and 18.9+14.8%,
23.8+18.0%, 21.0+15.5% by VerifyNow (p=0.557), respecti-
vely. Moreover, the two groups had analogous mean my-
ocardial infarct size (22.6+17.3% vs. 24.8+17.7%, p=0.416)
(Table 3). No differences were discovered in the ejection
fraction, summed motion score, and summed thickening
score. The same results only occurred when anterior MI pa-
tients were analyzed (28.7+20.4 in HPR vs. 33.6+£17.7% in
non HPR, p=0.222).

TABLE 2. Coronary angiographic and procedural characteristics

HPR  Non-HPR
(n=53)  (n=200) PValue
Culprit lesion (%) 0.388

Left main 0(0.0) 3(1.5)

Left anterior descending 27 (50.9) 97 (48.5)

Left circumflex 10 (18.9) 24 (12.0)

Right coronary artery 16 (30.2) 76 (38.0)
Multivessel disease (%) 16 (30.2) 67(33.5) 0.648
Pretreatment (%) <0.001

Clopidogrel 48 (90.6) 54 (27.0)

Ticagrelor 5(9.4) 146(73.0)
Thrombus aspiration (%) 8(15.1) 22(11.0) 0.412
Multivessel PCI (%) 4(75) 11(5.5) 0.525
Stent number per patient 1.1+04 1.2+0.5 0.406
Stent diameter (mm) 3.0+0.4 3.1+0.4  0.205
Total stent length (mm) 29.1+13.6 32.1+14.8 0.184
Maximal pressure (atm) 14.6+3.5 14.5+3.0 0.841
Baseline TIMI flow grade 0/1 (%) 41 (77.4) 180(90.0) 0.014
Final TIMI flow grade <3 (%) 3(5.7) 5(2.5) 0.370
Procedural complications (%) 6(11.3) 22(11.0) 0.947

Slow/no reflow 2(3.8) 8(4.0) 1.000

Distal embolization 3(5.7) 12 (6.0) 1.000

Side branch occlusion 1(1.9) 4(2.0) 1.000

PCI: percutaneous coronary intervention, TIMI: thrombolysis in
myocardial infarction.
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FIG. 2. Infarct size according to the tirtile of platelet reactivity.

TABLE 3. Radionuclide imaging and enzymatic infarct size

HPR Non-HPR
(n=53)  (n=200) PValue

SPECT results

Infarct size (%) 22.6+17.3 24.8+17.7 0.416

Summed motion score 19.9+16.7 21.1+16.5 0.655

Summed thickening score 14.2+11.2 15.4+10.6 0.448

End-diastolic volume (mL) 102.5+48.2 113.9+35.3 0.056

End-systolic volume (mL) 55.1+42.3 61.7+30.2 0.198

Ejection fraction (%) 50.5+12.3 48.2+11.3 0.204
Biomarker results (ng/mL)

CK-MB at baseline 11.1+17.2  23.2+59.0 0.013

CK-MB at 8 hours
CK-MB at 24 hours

179.6+154.7 238.5+160.8 0.017
59.6+60.6 125.1+532.1 0.373

CK-MB at 48 hours 11.7+£9.7 11.9+7.0 0.854
Troponin T at baseline 0.52+1.43 0.60+2.52 0.835
Troponin T at 8 hours 7.09+6.43 8.73+10.25 0.270
Troponin T at 24 hours 4.33+4.26  5.54+16.02 0.584
Troponin T at 48 hours 3.21+2.87 3.55+3.70 0.531

SPECT: technetium Tc-99m tetrofosmin single-photon emission
computed tomography, CKMB: creatine kinase myocardial band
isoenzyme.

Multivariate analysis revealed that onset to balloon
time >240min (odds ratio [OR]=1.92; 95% confidence inter-
val [CI]=1.08-3.40; p=0.025) and anterior infarction (OR=
5.28; 95% CI1=3.05-9.14; p<0.001) were independent pre-
dictors of large (>22%) infarct size (Table 4). HPR was not
a predictor of infarct size estimated by SPECT.

3. Secondary endpoint

Initial and peak level of CK-MB was lower in the HPR
group; however, the cumulative CK-MB level was similar
between the two groups (Fig. 3). At all time-points after PCI
(8, 24, and 48 hours), and peak level of troponin T were also
similar between the two groups.

There was no difference regarding the ejection fraction
and wall motion score index at 30 days (Table 5). The in-
cidence of 30-day clinical events including death, revas-

Seohwa Park, et al

40 p=0.557
35 4
30
25 4

%

20
15 1
10 1
5 -

1st 2nd 3rd
VerifyNow

cularization and re-hospitalization for congestive heart
failure were also analogous between the two groups (3.8%
vs. 3.0%, p=0.676).

DISCUSSION

In this study, platelet reactivity was not associated with
infarct size when assessed by SPECT and cardiac bio-
markers in STEMI patients. Moreover, patients in the
HPR and non-HPR groups showed similar ejection frac-
tions and wall motion scores at 30 days.

Various antiplatelet agents were evaluated for their po-
tential role in infarct size reduction. Although a small ret-
rospective study failed to demonstrate the reduction of in-
farct size, ticagrelor was a promising agent for infarct size
reduction.” Park et al.'® stated that ticagrelor improved
microvascular injury which was measured by index of mi-
crocirculatory resistance, and also reduced infarct size
measured by cardiac biomarker assay in STEMI patients.
Kim et al.” reported that myocardial infarct size was found
to be significantly smaller in the ticagrelor group than the
clopidogrel group of STEMI patients who received primary
PCI. The sub-analysis of Complete Versus Lesion-Only
PRImary PCI (CvLPRIT) trial and DANish trial in Acute
Myocardial Infarction (DANAMI-3) trial also demonstrated
a significant reduction of infarct size in ticagrelor, in com-
parison to clopidogrel pretreatment.®*'° Moreover, Park et
al."” reported that ticagrelor was superior to clopidogrel for
left ventricular remodeling after reperfusion of STEMI
with primary PCI.

Even though ticagrelor treatment showed low incidence
of HRP, our results demonstrated that both HPR and
non-HPR groups had similar infarct size. However, inter-
pretation of these results should be done cautiously. First,
the strong impact of infarct location and onset to balloon
time on infarct size could have obscured the role of anti-
platelet agent or platelet reactivity in this study. Addition-
al future research is necessary to resolve such problem.
Second, the degree of platelet inhibition does not com-
pletely reflect the effects of antiplatelet agents. One animal
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TABLE 4. Univariate and multivariate analysis for the prediction of >22% infarct size

Univariate analysis

Multivariate analysis

OR 95% CI p OR 95% CI P
Age >65 years 1.46 0.88-2.43 0.146
Door-to-balloon time >60 min 1.13 0.67-1.89 0.645
Onset-to-balloon time >240 min 1.77 1.05-2.97 0.031 1.92 1.08-3.40 0.025
Hypertension 1.41 0.86-2.31 0.176
Current smoker 1.43 0.87-2.35 0.158
Anterior infarction 5.05 2.96-8.61 <0.001 5.28 3.05-9.14 <0.001
Multivessel disease 1.18 0.70-2.00 0.529
Clopidogrel treatment 1.17 0.71-1.94 0.537
Final TIMI flow grade <3 7.78 0.94-64.22 0.057 7.39 0.83-65.26 0.074
High platelet reactivity 1.18 0.65-2.18 0.585
For continuous variables, the median value was used as a cut-off point.
A Cumulative CKMB release B Cumulative troponin release
350 - —— HPR: 262.0+201.2 ng/mL 12 - —- HPR: 15.15+13.26 ng/mL
—=— No HPR: 400.2+566.1 ng/mL —=— No HPR: 18.46+22.85 ng/mL
p=0.017 p=0.082 p=0.270 p=0.314
300 104
250 -
8 .
— 200 A -
£ £ 61
2 150 1 g
4 .
100 A
50 1 21
. 0.52%0.60
0 T T T — 1 0 T T T T 1
Baseline 8h 24 h 48 h Baseline 8h 24 h 48 h

FIG. 3. Time-concentration curve of (A) creatine kinase myocardial band (CKMB) isoenzyme and (B) troponin T.

TABLE 5. 30-day clinical outcomes and echocardiographic parameters

HPR Non-HPR
(n=53) (n=200) P

Echocardiography
Baseline ejection fraction (%) 47.8+8.9 48.0+8.0 0.903
Baseline wall motion score index 1.56+0.35 1.57+0.36 0.847
30-day ejection fraction (%) 53.0+8.5 50.8+8.7 0.102
30-day wall motion score index 1.33+0.31 1.36+0.33 0.526
30-day clinical outcomes

All-cause death 0 (0.0) 0(0.0)
Myocardial infarction 0(0.0) 0 (0.0)
Ischemic stroke 0(0.0) 1(0.5) 1.000
Stent thrombosis 0(0.0) 0(0.0)
Re-hospitalization for heart failure 1 (1.9) 3(1.5) 1.000
Total 2(3.8) 6(3.00 0.676

study demonstrated that in comparison to clopidogrel, tica-
grelor significantly reduced infarct size assessed by cardiac
magnetic resonance imaging (MRI)."® The study also illus-
trated that the effects of ticagrelor such as reducing ne-
crotic injury and edema formation, resulted from an ad-
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enosine-dependent mechanism. Ticagrelor is also thought
to have potential protective effects against ischemia-re-
perfusion injury which is mediated by adenosine, partic-
ularly at sites of ischemia and tissue injury.'® Therefore,
the number of P2Y12 reaction units is not an indicator for
complete antiplatelet status. Finally, platelet reactivity
can change. Yun et al.”’ reported that the responder status
of 43% of patients was altered in the clopidogrel, and 13%
in the ticagrelor, which indicates that a single-time point
measurement of platelet function may be insufficient for
representing platelet reactivity. Moreover, platelet reacti-
vity just before or after PCI would be more predictive of in-
farct size compared to 48 hours post-procedural platelet
reactivity.

Our study has several limitations. We measured the in-
farct size by SPECT. Currently, however, cardiac MRI is
used to assess infarct size, as it provides superior resolution
while detecting subendocardial infarction and micro-
vascular obstruction. Nevertheless, in previous studies,
the correlation between infarct size measured by SPECT
and MRI was good and the prognostic significance was
analogous between the two methods in STEMI patients.”"*



Another limitation of our study is that the imaging was per-
formed within a period early after MI. Early SPECT imag-
ing between 18 and 48 hours after the event often over-
estimates the infarct size, which is presumably due to bio-
chemical stunning of the myocardium, limiting isotope
uptake.” Also, we did not perform baseline SPECT. The
difference between baseline and follow-up infarct size
could be a better variable. Finally, this was a single center
study and the sample size in the HPR group could be too
small to demonstrate increased infarct size.

In conclusion, through a small study of STEMI patients
treated with primary PCI, we discovered that platelet re-
activity was not associated with infarct size which was
measured by SPECT during the first 48 hours. Future stud-
ies that include a larger number of participants and use bet-
ter assessment methods for infarct size and clinical out-
come evaluations are necessary.
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