
ORIGINAL ARTICLE

Myocardial salvage after ST-segment-elevation
myocardial infarction: comparison
between prasugrel and clopidogrel
in the presence or absence of high-residual
platelet reactivity

Ruka Yoshida, MD,a,b Kensuke Takagi, MD,b Hideki Ishii, MD, PhD,c

Itsuro Morishima, MD, PhD,b Akihito Tanaka, MD, PhD,a Yasuhiro Morita, MD,

PhD,b Yasunori Kanzaki, MD,b Hiroaki Nagai, MD,b Naoki Watanabe, MD, PhD,b

Koichi Furui, MD,b,c Naoki Shibata, MD,a,b Naoki Yoshioka, MD,b

Ryota Yamauchi, MD,b Shotaro Komeyama, MD,b Hiroki Sugiyama, MD,b

Hideyuki Tsuboi, MD, PhD,b and Toyoaki Murohara, MD, PhDc

a Department of Cardiology, Nagoya University Hospital, Nagoya, Japan
b Department of Cardiology, Ogaki Municipal Hospital, Ogaki, Japan
c Department of Cardiology, Nagoya University Graduate School of Medicine, Nagoya, Japan

Received May 20, 2019; accepted Aug 1, 2019

doi:10.1007/s12350-019-01852-3

Background. The effect of prasugrel over clopidogrel on myocardial salvage in ST-seg-
ment-elevation myocardial infarction (STEMI) patients undergoing primary percutaneous
coronary intervention (p-PCI) is not fully elucidated.

Methods. Among 854 consecutive STEMI patients who underwent p-PCI, 446 patients were
evaluated by two-phase (7 days and 3 months) single-photo emission computed tomography
(SPECT). Patients were divided into two groups based on the loading P2Y12 inhibitor. The
clopidogrel group was further divided based on the result of platelet function testing. Thus, the
prasugrel group included 227 patients; the clopidogrel without high-residual platelet reactivity
(HRPR) group, 109 patients; and the clopidogrel with HRPR group, 107 patients. The primary
endpoint was the Myocardial Salvage Index (MSI), determined by SPECT.

Results. The incidence of final TIMI 0/1 and TIMI myocardial perfusion grade 0/1 was
higher in the clopidogrel with HRPR group (0.9%, 1.8%, and 7.5%, P = .002; 19.8%, 29.4%,
and 41.1%, P = .0002, in the prasugrel, clopidogrel without HRPR, and clopidogrel with HRPR
groups, respectively). The MSI was significantly lower in the clopidogrel with HRPR group
(48% [27-66], 44% [30-72], and 36% [15-55], P = .006, respectively).
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Conclusions. Prasugrel in STEMI patients was associated with an increased MSI compared
with clopidogrel in the presence of HRPR. (J Nucl Cardiol 2021;28:1422–34.)
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Abbreviations
AAR Area at risk

BMIPP 123I-beta-methyl-p-iodophenyl
pentadecanoic acid

HRPR High-residual platelet reactivity

MSI Myocardial Salvage Index

PFT Platelet function testing

p-PCI Primary percutaneous

coronary intervention

SPECT Single-photo emission

computed tomography

STEMI ST-segment-elevation myocardial

infarction

Tc 99mTechnetium

TPD Total perfusion deficit

INTRODUCTION

Dual antiplatelet therapy with aspirin and P2Y12

inhibitor is the gold standard for treatment of acute

coronary syndrome (ACS). Clopidogrel is the most

widely used P2Y12 inhibitor, but has shown wide inter-

individual variability in the concentration of active

metabolite and in the magnitude of platelet inhibition,

leading to higher risk of ischemic events after percuta-

neous coronary intervention (PCI) in patients with high-

residual platelet reactivity (HRPR).1 However, it is

currently unknown if the myocardial damage at the time

of primary PCI (p-PCI) in patients with ST-segment-

elevation myocardial infarction (STEMI) is influenced

by the results of platelet function testing (PFT).

Prasugrel is a novel P2Y12 inhibitor that inhibits

platelet aggregation more rapidly with less inter-indi-

vidual variability; it has been associated with a lower

risk of thrombotic events in patients with ACS than

clopidogrel.2 Nevertheless, it is unknown if, in a context

of p-PCI to treat STEMI, periprocedural myocardial

injury might be attenuated by greater platelet inhibition

with prasugrel, because an additional myocardial injury

cannot be detectable in this setting, characterized by

prior biomarker elevation and ongoing symptom of

index myocardial infarction (MI).3 According to world-

wide clinical databases, only one-fourth of STEMI

patients have received prasugrel, because of a higher

bleeding risk along with an unknown acute myocardial

salvage effect. Owing to these limitations, clopidogrel

still remains the most widely used P2Y12 inhibitor.4-6

Therefore, elucidating the effect of prasugrel on the

extent of myocardial salvage in patients with STEMI is

clinically relevant.

The purpose of this study was to compare the effect

of prasugrel over clopidogrel, especially in patients with

HRPR, on myocardial salvage in patients with STEMI

undergoing p-PCI. To address this issue, we investigated

the angiographic findings and Myocardial Salvage Index

(MSI) calculated from single-photo emission computed

tomography (SPECT).

METHODS

Patient Population and Study Protocol

We conducted a single-center registry analysis at Ogaki

Municipal Hospital from May 2012 to October 2018. We

identified consecutive patients with STEMI that underwent p-

PCI within 12 hours after the symptom onset. STEMI is

defined as a recent ischemia lasting more than 20 minutes at

rest, with one of the following electrocardiographic features:

(1) ST-segment elevation (0.1 mV or higher) in two or more

contiguous leads or (2) new or alleged new left bundle branch

block.7 Exclusion criteria were as follows: (1) contraindication

of clopidogrel, prasugrel, or both; (2) admission to the

emergency department (ED) more than 12 hours after the

symptom onset; (3) in-hospital death; (4) mechanical compli-

cations; (5) past history of MI; (6) patients who were not

examined by SPECT as defined in this study protocol; and (7)

inadequate quality of SPECT.

We designed the study protocol according to a previous

study8 (Figure 1). Briefly, oral antiplatelet agents were admin-

istered in the ED, followed by coronary angiography (CAG)

and p-PCI. We performed 123I-beta-methyl-p-iodophenyl pen-
tadecanoic acid (BMIPP) SPECT within 7 days, PFT on days

7-14, and 99m Technetium (Tc)-tetrofosmin SPECT 3 months

after p-PCI. SPECT was routinely performed in all patients

except those with hemodynamical instability in the acute phase

for BMIPP SPECT and those who were unable to come for a

follow-up visit.

On June 2015, long-term prescription of prasugrel was

approved by the Japanese Health, Labor and Welfare Ministry.

Therefore, since July 2015, we tried to use prasugrel for all

patients who needed p-PCI for STEMI. In this study, we

divided all patients into two groups, depending on the loading

P2Y12 inhibitors in the ED, prasugrel or clopidogrel groups.

Then, we further divided the clopidogrel group according to

the result of PFT, because clopidogrel had shown a high inter-

individual variability in platelet inhibition. Thus, patients were

classified into three groups: prasugrel-treated, clopidogrel-

treated without HRPR, or clopidogrel-treated with HRPR. As

previously reported,9 we found that prasugrel showed less

pharmacological variability and a lower HRPR frequency than

See related editorial, pp. 1435–1437

Journal of Nuclear Cardiology� R. Yoshida et al 1423

Volume 28, Number 4;1422–34 Myocardial salvage after ST-segment-elevation myocardial infarction



clopidogrel. Hence, we did not divide patients in prasugrel

group based on the PFT.

All the demographic, angiographic, and procedural data

of the patients undergoing CAG and PCI were prospectively

entered into a dedicated database maintained at our hospital.

Analysis of CAG was performed using an automated edge

detection system (QAngio XA, Medis Medical Imaging

System, Leiden, the Netherlands) by experienced radiology

technologists, who were unaware of the treatment allocation.

Other clinical data not available in the database were collected

from hospital charts. This study was approved by the research

review board of Ogaki Municipal Hospital and conducted

according to the Helsinki Declaration. Because of its obser-

vational nature, requirement of written informed consent from

the patients was waived; however, we excluded those patients

who refused to participate in the study when contacted at

follow-up.

Treatment

We performed p-PCI according to the current standard

technique. Indication for PCI after CAG and the decision to

administer any adjunctive medication in support of PCI was

left to the discretion of the treating physician. Unfractionated

heparin was administered in boluses of 5000 IU at the ED and

3000 IU at the start of PCI, followed by additional doses to

achieve an activated clotting time of 250–300 seconds.

Intracoronary nitrate was administered in all patients before

taking the final angiograms. Glycoprotein IIb/IIIa inhibitors

are not available in Japan. All patients received a 200-mg

loading dose of aspirin with a loading dose of P2Y12 inhibitor

(300 mg clopidogrel or 20 mg prasugrel) immediately after the

diagnosis of STEMI. After p-PCI, patients received a main-

tenance dose of aspirin (100 mg) and a maintenance dose of

either clopidogrel (75 mg) or prasugrel (3.75 mg). Dosage and

administration of prasugrel were according to the Japanese

prescription label, whose adjustment was approved by the

Japanese Health, Labor and Welfare Ministry to fit the

Japanese population.10 Additionally, all patients were given a

20 mg loading dose of atorvastatin in the ED to reduce

infarction size.11

Study Endpoint and Definitions

The primary endpoint of this study was the MSI,

calculated from SPECT images. The secondary endpoints

were the final Thrombolysis in Myocardial Infarction (TIMI)

flow grade, the TIMI myocardial perfusion (TMP) grade, the

incidence and degree of transient no-reflow phenomenon and

left ventricular (LV) volume and function.

Epicardial coronary blood flow in the infarct-related

artery was quantified using the TIMI flow grade criteria.12

Myocardial blush grade was assessed at the end of procedure

according to the TMP grading.13 No-reflow phenomenon was

Figure 1. Flowchart detailing the study protocol. PCI, percutaneous coronary intervention; TIMI,
thrombolysis in myocardial infarction; BMIPP, 123I-beta-methyl-p-iodophenyl pentadecanoic acid;
SPECT, single-photo emission computed tomography; PFT, platelet function testing; ADP PATI,
adenosine 5’-diphophate platelet aggregatory threshold index, Tc-TF, 99mTechnetium-tetrofosmin;
LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; Cath
Lab., catheter laboratory; CCU, coronary care unit.
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defined as a reduced antegrade flow (TIMI flow grade B 2)

without mechanical obstruction after recanalization.14

SPECT Studies

As shown in Figure 1, BMIPP SPECT study was

performed 7 days after p-PCI as acute phase imaging, while
99mTc SPECT was performed 3 months after p-PCI as follow-

up imaging. BMIPP image acquisition was started 15 minutes

after intravenous injection of 111 MBq of 123I-BMIPP (Car-

diodine Injectable 123I-BMIPP; Nihon Medi-Physics). Tc

image acquisition was started 30-60 minutes after intravenous

injection of 740 MBq of 99mTc-tetrofosmin.

We used the total perfusion deficit (TPD) to calculate the

area at risk (AAR) and infarct size, as previously described,15

using quantitative perfused SPECT (QPS) software (Au-

toQUANT 7.2, Cedars-Sinai Medical Center, Los Angeles,

CA, USA) referring to the published normal database of

myocardial SPECT.16 Regarding quantitative gated SPECT

(QGS) data, QGS software (Cedars-Sinai Medical Center, Los

Angeles, CA, USA) was used to calculate LV function and

volume. The SPECT data were collected and calculated as

follows: AAR (%) as TPD on 123I-BMIPP polar-map; infarct

size (%) as TPD on 99mTc-tetrofosmin polar-map; MSI = (

AAR - infarct size)/AAR; LV volume and function (LV end-

systolic volume [LVESV], LV end-diastolic volume

[LVEDV], and LV ejection fraction [LVEF]) based on
99mTc-tetrofosmin QGS data. All SPECT analyses were

performed by experienced radiology technologists who were

unaware of patients’ and angiographic characteristics.

PFT

PFT was performed with an aggregometer of the whole

blood (Mebanix Co., Ltd., Yokohama, Japan) based on the

screen filtration pressure method. It measures the flow resis-

tance of whole-blood samples through a screen of micro-sieve

with 30 lm2 openings and provides the pressure rate as an

index of platelet aggregation. We measured the platelet

aggregatory threshold index (PATI), defined as the concentra-

tion of adenosine 50-diphophate (ADP) necessary to induce a

50% of pressure rate. The reproducibility of this method is

verified in the literature.17 Four reaction tubes containing 200-

lL aliquots of whole blood were prepared and 22.2-lL of ADP

solution at four different concentrations (2, 4, 8, and 16-lM)

was added. In case of non-achievement of 50% pressure rate

even with 16-lM of ADP, the concentration of the added ADP

solution was increased up to 80-lM. As PATI indicates the

concentration of agonist (ADP) necessary to induce platelet

aggregation, higher PATI (needs more agonist) indicates the

resistance of blood to clot and lower PATI indicates high-

platelet reactivity.

Because there was no definitive cut-off value of this

assay, we adopted the median value of PATI in patients taking

clopidogrel as the cut-off value to identify HRPR, based on

published epidemiological data showing that approximately

50% of Japanese ACS patients were classified as intermediate-

or poor-metabolizers of clopidogrel.18,19

Statistical Analyses

Continuous variables were shown as mean with standard

deviation (SD) or as median with interquartile range (IQR),

while categorical variables are shown as numbers and propor-

tions. Continuous variables among the three groups were

compared using the one-way analysis of variance or the

Kruskal–Wallis test, based on the variable distributions.

Categorical variables were compared using chi-squared test.

We adapted continuous covariates into two qualitative cate-

gories using clinically significant reference.

To address the problem of multiple testing, we first

compared the clinical outcomes among all three groups. If we

found a significant difference, we then proceeded with a

comparison between each group. We used the Holm method to

adjust P values in multiple testing20

All statistical analyses were performed using JMP soft-

ware version 13.1 (SAS Institute Inc., Cary, NC, USA). A P
value\ .05 was considered statistically significant.

RESULTS

PFT and Patient Classification

Of 1202 patients who underwent emergency PCI

during the study period, we identified 446 eligible

patients who presented with STEMI within 12 hours

from the symptom onset and did not meet the exclusion

criteria (Figure 2). Of note, six patients were excluded

because of the lack of available analysis of TPD on

BMIPP SPECT, while five patients were excluded

because of no accumulation of BMIPP. Of the eligible

patients, 227 patients were initiating from prasugrel,

while 219 were initiating from clopidogrel. Among

those initiating from clopidogrel, PFT was not per-

formed in three patients. The median value of ADP-

PATI in the clopidogrel group was 4.0 (IQR = 3.1-9.7),

which led to the definition of HRPR as patient having

ADP-PATI B 4.0. Accordingly, 227 patients were clas-

sified into the prasugrel group; 109 patients initiating

from clopidogrel with ADP-PATI[ 4, the clopidogrel

without HRPR group; and 107 patients initiating from

clopidogrel with ADP-PATI B 4, the clopidogrel with

HRPR group. The median value of ADP-PATI was

significantly higher in the prasugrel group than in the

clopidogrel with and without HRPR groups (13.2 [6.8-

28], 9.7 [6.7-14.1], and 3.1 [2.3-3.5], P\ .0001,

respectively).

Baseline Characteristics

Clinical characteristics of the enrolled patients are

summarized in Table 1. The peak value of creatine

kinase (CK) and CK myocardial band were comparable

among the three groups.
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Figure 2. Patient flowchart. PCI, percutaneous coronary intervention; NSTE-ACS, non-ST-
segment-elevation acute coronary syndrome; STEMI, ST-segment-elevation myocardial infarction;
MI, myocardial infarction; IRA, infarct-related artery; BMIPP, 123I-beta-methyl-p-iodophenyl
pentadecanoic acid; SPECT, single-photo emission computed tomography; Tc-TF, 99mTechnetium-
tetrofosmin; PFT, platelet function testing.
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Table 1. Baseline characteristics and medication

Prasugrel
N = 227

Clopidogrel
without HRPR

N = 109

Clopidogrel
with HRPR
N = 107 P value

Patient characteristics

Age (years) 68.1 (11.2) 66.3 (12.7) 66.5 (11.4) .31

Age C 75 years 68 (30.0%) 31 (28.4%) 25 (23.4%) .45

Male sex 176 (77.5%) 90 (82.6%) 86 (80.4%) .54

BMI (kg/m2) 24.2 (3.6) 24.0 (3.7) 23.7 (3.9) .44

Body weight[60 kg 75 (33.0%) 40 (36.7%) 40 (37.4%) .67

Diabetes mellitus 71 (31.3%) 32 (29.4%) 37 (34.6%) .70

Hypertension 138 (60.8%) 72 (66.1%) 63 (58.8%) .52

Dyslipidemia 200 (88.5%) 95 (87.2%) 93 (86.9%) .89

Peripheral artery disease 16 (7.1%) 5 (4.6%) 9 (8.4%) .52

Chronic kidney disease 93 (41.0%) 25 (22.9%) 30 (28.0%) .002

Current smoking 85 (37.4%) 45 (41.3%) 48 (44.9%) .42

Prior PCI 9 (4.0%) 1 (0.9%) 10 (9.4%) .01

Prior CABG 2 (0.9%) 0 (0.0%) 0 (0.0%) .38

Prodromal angina\24 h 69 (30.4%) 38 (34.9%) 35 (32.7%) .70

Killip class C 2 47 (20.7%) 35 (32.1%) 25 (23.4%) .07

Cardiogenic shock 6 (2.6%) 6 (5.5%) 2 (1.9%) .25

LVEF at admission (%) 57 [50, 61] 55 [50, 59] 57 [51, 63] .12

White blood cell 9280 [7430, 11590] 9970 [7900, 12295] 9470 [7420, 11860] .33

Serum-glucose level at arrival 157 [134, 198] 158 [139, 193] 169 [137, 226] .10

Serum-glucose C 160 mg/dl 106 (46.7%) 53 (48.6%) 61 (57.0%) .21

Peak CK 2115 [988, 3382] 2136 [1234, 3758] 2130 [955, 4198] .71

Peak CK-MB 202 [98, 339] 190 [115, 329] 201 [88, 361] .97

Procedure characteristics

Culprit lesion .53

RCA 100 (44.1%) 48 (44.0%) 49 (45.8%)

LAD 107 (47.1%) 49 (45.0%) 42 (39.3%)

LCX 19 (8.4%) 11 (10.1%) 16 (15.0%)

Left main trunk 1 (0.4%) 1 (0.9%) 0 (0.0%)

Number of diseased vessels .66

1 139 (61.2%) 67 (61.5%) 58 (54.2%)

2 59 (26.0%) 30 (27.5%) 36 (33.6%)

3 29 (12.8%) 12 (11.0%) 13 (12.2%)

Onset-to-balloon time (min) 178 [121, 288] 166 [130, 263] 173 [118, 363] .87

Manual aspiration 133 (58.6%) 81 (74.3%) 84 (78.5%) .0003

ELCA 111 (48.9%) 1 (0.9%) 0 (0.0%) \ .0001

Filter device 6 (2.6%) 4 (3.7%) 2 (1.9%) .71

Number of implanted stents 1 [1, 1] 1 [1, 2] 1 [1, 2] .02

Total stent length (mm) 24 [18, 33] 26 [20, 38] 28 [20, 40] .04

DES 205 (90.3%) 43 (39.5%) 64 (59.8%) \ .0001

IABP 40 (17.6%) 38 (34.9%) 42 (39.3%) \ .0001

Timing of IABP .01

Pre-PCI 12/40 (30.0%) 9/38 (23.7%) 3/42 (7.1%)

During PCI 8/40 (20.0%) 3/38 (7.9%) 3/42 (7.1%)

Post PCI 20/40 (50.0%) 26/38 (68.4%) 36/42 (85.7%)

Indication for IABP \ .0001

Hemodynamic instability 12 (5.3%) 5 (4.6%) 2 (1.9%)
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Regarding lesion and procedural characteristics,

culprit vessel, number of diseased vessels, onset-to-

balloon time were similar. Manual thrombectomy was

more frequently used in the clopidogrel groups (58.6%

in the prasugrel group, 74.3% in the clopidogrel without

HRPR group, and 78.5% in the clopidogrel with HRPR

group, P = .0003), whereas all but one patient who

underwent ELCA was in the prasugrel group. Intra-

aortic balloon pumping was less frequently used in the

prasugrel group than in the clopidogrel with and without

HRPR groups (17.6%; 34.9%; 39.3%, P\ .0001,

respectively). This difference was associated with an

increased incidence of no-reflow phenomenon, thrombus

protrusion into the implanted stents, side branch occlu-

sion, and distal embolization in the clopidogrel groups.

Clinical characteristics, excluding those patients who

underwent ELCA, are shown in Supplemental Table 1.

Regarding medication at discharge, the prescription

rate of beta-blocker was significantly larger in the

prasugrel group than in the clopidogrel groups.

Angiographic Results

The angiographic results before-and-after PCI are

shown in Table 2. The incidence of no-reflow

phenomenon was higher in patients in the clopidogrel

without HRPR group, while that of severe no-reflow

(TIMI 0/1) was higher in the clopidogrel with HRPR

group. Therefore, the incidence of worse final flow and

myocardial perfusion was higher in the clopidogrel with

HRPR group (final TIMI 0/1 flow: 0.9%, 1.8%, and

7.5%, P = .002; TMP 0/1: 19.8%, 29.4%, and 41.1%,

P = .0002, in the prasugrel, in the clopidogrel without

HRPR, in the clopidogrel with HRPR groups,

respectively).

SPECT Analysis

The results of SPECT studies are shown in Table 3

and Figure 3. The MSI was numerically higher in the

prasugrel group than in the whole clopidogrel group

(48% [27-66] vs 41% [23-64], P = .2). Among the three

groups, the MSI was significantly lower in the clopido-

grel with HRPR group (48% [27-66] in the prasugrel

group, 44% [30-72] in the clopidogrel without HRPR

group, 36% [15-55] in the clopidogrel with HRPR

group, P = .006) (Figure 3B). After excluding those

patients who underwent ELCA, the result was still

consistent with the main analysis (48% [25-69], 45%

[31-72], and 36% [15-55], P = .007, respectively).

Table 1 continued

Prasugrel
N = 227

Clopidogrel
without HRPR
N = 109

Clopidogrel
with HRPR
N = 107

P value

Exacerbation of heart failure 5 (2.2%) 3 (2.8%) 2 (1.9%)

No-reflow 11 (4.9%) 18 (16.5%) 18 (16.8%)

Prophylactic* 8 (3.5%) 10 (9.2%) 12 (11.2%)

Thrombus protrusion/side

branch occlusion/

distal embolization

4 (1.8%) 2 (1.8%) 8 (7.5%)

ECMO 2 (0.9%) 0 (0.0%) 1 (0.9%) .61

Medication at discharge

Aspirin 219 (96.5%) 107 (98.2%) 105 (98.1%) .56

Prasugrel 214 (94.3%) 1 (0.9%) 1 (0.9%) \ .0001

Clopidogrel 6 (2.6%) 108 (99.1%) 104 (97.2%) \ .0001

Statin 226 (99.6%) 108 (99.1%) 106 (99.1%) .82

ACE-I/ARB 222 (97.8%) 100 (91.7%) 97 (90.7%) .01

Beta-blocker 203 (89.4%) 73 (67.0%) 80 (74.8%) \ .0001

Values are the mean ± standard deviation (SD), n (%), or median (interquartile range) as appropriate. *Prophylactic use refers
those cases that the treating physician decided to insert IABP in order to prevent hemodynamic collapse or exacerbation of heart
failure due to multivessel disease, large extent of infarction or poor ST resolution regardless of the insertion timing (pre-, during,
or post PCI)
HRPR, high-residual platelet reactivity; BMI, body mass index; PCI, pertcutaneous coronary intervention; CABG, coronary artery
bypass grafting; CK, creatine kinase; CK-MB, creatine kinase myocardial band; RCA, right coronary artery; LAD, left anterior
descending artery; LCX, left circumflex artery; ELCA, excimer-laser coronary angioplasty; DES, drug-eluting stent; IABP, intra-aortic
balloon pumping; ECMO, extra-corporeal membrane oxygenation; ANP, atrial natriuretic peptide; ACE-I, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blocker
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When we divided the patients based on the onset-to-

balloon time (B 180 and[ 180 minutes), no significant

difference were seen among the three groups in patients

with onset-to-balloon time B 180 minutes (45% [27-

66], 53% [32-73], and 43% [21-64], P = .10, respec-

tively); in contrast, there was a significant difference in

patients with onset-to-balloon time[ 180 minutes (49%

[25-66], 40% [22-68], and 29% [12-49], P = .008,

respectively). Each representative case of the three

groups are shown in Figure 4.

Regarding QGS measurements, LVEDV and

LVESV were smaller and LVEF was numerically higher

in the prasugrel group (LVEDV: 90 mL [71-108],

95 mL [78-113], and 97 mL [81-127], P = .005;

LVESV: 37 mL [26-50]; 41 mL [28-54]; 42 mL [27-

57], P = .04; LVEF: 59% [50-66], 57% [51-66], and

57% [47-64], P = .68, in the prasugrel, in the clopi-

dogrel without HRPR, in the clopidogrel with HRPR

groups, respectively).

Bleeding Complications

The incidence of TIMI major or minor bleeding

were comparable among the three groups (12 [5.3%], 6

Table 2. Angiographic result before-and-after percutaneous coronary intervention

Prasugrel
N = 227

Clopidogrel
without HRPR

N = 109

Clopidogrel
with HRPR
N = 107 P value

Initial TIMI flow .33

0/1 140 (61.7%) 66 (60.6%) 74 (69.2%)

2/3 87 (38.3%) 43 (39.5%) 33 (30.8%)

Rentrop grade .13

0/1 149 (65.6%) 76 (69.7%) 61 (57.0%)

2/3 78 (34.4%) 33 (30.3%) 46 (43.0%)

No-reflow 73 (32.2%) 56 (51.4%) 40 (37.4%) .003

Severe no-reflow (TIMI 0/1) 14 (6.2%) 12 (11.0%) 19 (17.8%) .005

Final TIMI flow grade .002

0/1 2 (0.9%) 2 (1.8%) 8 (7.5%)

2/3 225 (99.1%) 107 (98.2%) 99 (92.5%)

TMP grade .0002

0/1 45 (19.8%) 32 (29.4%) 44 (41.1%)

2/3 182 (80.2%) 77 (70.6%) 63 (58.9%)

Values are the mean ± standard deviation (SD), n (%), or median (interquartile range) as appropriate
HRPR, high-residual platelet reactivity; TIMI, thrombolysis in myocardial infarction; TMP, TIMI myocardial perfusion

Table 3. Results of single-photo emission computed tomography studies

Prasugrel
N = 227

Clopidogrel without
HRPR

N = 109

Clopidogrel with
HRPR

N = 107 P value

MSI (%) 48 [27, 66] 44 [30, 72] 36 [15, 55] .006

AAR (%) 23 [14, 39] 25 [15, 38] 22 [12, 36] .56

Infarct size (%) 12 [6, 20] 10 [6, 21] 12 [5, 22] .86

LVEF (%) 59 [50, 66] 57 [51, 66] 57 [49, 64] .68

LVEDV (mL) 90 [71, 108] 95 [78, 113] 97 [81, 127] .005

LVESV (mL) 37 [26, 50] 41 [28, 54] 42 [27, 57] .04

Values are the median (interquartile range)
HRPR, high-residual platelet reactivity; MSI, myocardial salvage index AAR, area at risk, LVEF left ventricular ejection fraction;
LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume
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[5.5%], and 6 [5.6%], P = .99, in the prasugrel, in the

clopidogrel without HRPR, in the clopidogrel with

HRPR groups, respectively). In the subgroup of patients

with a high risk of bleeding, as reported in the Trial to

Assess Improvement in Therapeutic Outcomes by Opti-

mizing Platelet inhibitioN with Prasugrel-Thrombolysis

In Myocardial Infarction (TRITON-TIMI) 38 study,2 the

incidence of TIMI major or minor bleeding among those

aged C 75 years or those with body weight (BW)\ 60

kg was not different among the three groups (aged C 75

years: 6 [8.8%], 2 [6.5%], and 1 [4.0%], P = .71;

BW\ 60 kg: 7 [9.3%], 4 [10.0%], and 3 [7.5%],

P = .91, respectively).

DISCUSSION

In this study, we assessed the effect of prasugrel and

clopidogrel on myocardial salvage in patients with

STEMI undergoing p-PCI, in the presence or absence of

HRPR. The main findings of this study are as follows:

1. The MSI was numerically higher in the prasugrel

group than in the whole clopidogrel group.

2. The prasugrel group demonstrated a similar degree of

MSI to the clopidogrel without HRPR group; the

clopidogrel with HRPR group showed worse myocar-

dial salvage than the other two groups.

3. A lower incidence of no-reflow phenomenon was

noted in the prasugrel group, subsequently resulting

in a more frequent good final TMP grade in this

group.

This study highlighted the clinical importance of

using prasugrel for myocardial salvage in STEMI

patients undergoing p-PCI compared to that of clopido-

grel, for which we observed a wide inter-individual

variability in the platelet inhibitory response, as already

reported. Consistent with our findings, prasugrel demon-

strated a superior efficacy over clopidogrel in the

TRITON-TIMI 38 study.2,21 However, the main targets

of previous studies were patients with non-ST-segment-

elevation ACS.2,4,21,22 Currently, there are only few

studies investigating the efficacy of prasugrel and

clopidogrel for myocardial salvage in patients with

STEMI. Although a sub-study of the TRITON-TIMI 38

program has previously compared clinical outcomes

between prasugrel and clopidogrel, the comparison of

the extent of myocardial damage in patients with STEMI

was limited, because an additional myocardial injury

cannot be detected without measuring the MSI on paired

SPECT or magnetic resonance imaging.3 The novelty of

this study is the measurement MSI on SPECT, demon-

strating the significant difference between the efficacy of

two drugs by evaluating the impact of residual platelet

reactivity. In this regard, the present study has important

clinical implication.

One potential explanation for our findings is the

degree of platelet inhibition. p-PCI for STEMI is an

approach that needs a rapid and strong inhibition of

platelet activation and aggregation to achieve therapeu-

tic success. In TRITON-TIMI 38 study, glycoprotein

IIb/IIIa inhibitors were used more frequently in patients

treated with clopidogrel than in those with prasugrel.21 It

was reported that this difference was resulted from the

bailout use of glycoprotein IIb/IIIa for thrombosis. In

this study, we observed a higher incidence of thrombus

protrusion stents, side branch occlusion, and distal

embolization in patients treated with clopidogrel.

Because periprocedural myocardial injury is a partially

platelet-dependent event,23 more potent and prompt

platelet inhibition might explain the increased salvage

Figure 3. The boxplot of Myocardial Salvage Index (MSI). (A) shows the MSI between the
prasugrel and whole clopidogrel groups. (B) shows the MSI compared among the prasugrel,
clopidogrel without high-residual platelet reactivity (HRPR), and clopidogrel with HRPR groups.
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Figure 4. Representative cases in the prasugrel (A), clopidogrel without high-residual platelet
reactivity (HRPR) (B), and clopidogrel with HRPR groups (C). (A) A 65-year-old woman
presented with a first anterior myocardial infarction (MI). The pre-angiogram revealed severe
stenosis of proximal left anterior descending artery (LAD) with TIMI 2 flow (A-1). The final
angiogram revealed good expansion of the culprit lesion with TIMI 3 flow (A-2). The onset-to-
balloon time was 184 minutes. The total perfusion deficit (TPD) on BMIPP SPECT on the post-
operative day (POD) 4 was 43% (A-3). After 3 months, the TPD on Tc SPECT was 13% (A-4). (B)
A 54-year-old man presented with a first anterior MI. The pre-angiogram revealed severe stenosis
of proximal LAD with TIMI 2 flow (B-1). The culprit lesion was well expanded with good flow
(TIMI 3) but with moderate myocardial blush (TMP 2) (B-2). The onset-to-balloon time was 173
minutes. BMIPP SPECT on the POD 7 revealed TPD of 35% (B-3). After 3 months, Tc SPECT
revealed the TPD of 19% (B-4). (C) A 66-year-old man presented with a first anterior MI. The
emergent angiogram showed severe stenosis of proximal LAD with TIMI 2 flow (C-1). Finally,
good expansion of the culprit lesion was obtained with good flow (TIMI 3) but moderate
myocardial blush (TMP 2) (C-2). The onset-to-balloon time was 140 minutes. BMIPP SPECT on
the POD 5 showed TPD of 34% (C-3). After 3 months, Tc SPECT showed the TPD of 29% (C-4).
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index in this study. Given that a successful reperfusion

greatly affects the reduction in infarct size and LV

function,24 better LV volume and function in the

prasugrel group further support this hypothesis.

Published pharmacodynamic data have shown that

prasugrel can achieve platelet inhibition much faster

than clopidogrel after loading dose administration (30

minutes vs 6 hours).25,26 Conversely, in a sub-study of

TRITON-TIMI 38 investigating the relationship

between CYP2C19 genetic polymorphisms and the

response to prasugrel and clopidogrel, non-carriers of

CYP2C19 loss-of-function mutation treated with clopi-

dogrel had similar rate of major adverse cardiovascular

events compared to those treated with prasugrel.9,27

Thus, it is plausible that the development of HRPR

during clopidogrel treatment, in addition to the rate of

clopidogrel metabolism, may also contribute to the

clinical outcomes.

In this study, we used BMIPP SPECT as a substitute

for AAR. In normal myocardium, BMIPP enters the

myocardial cell as BMIPP-CoA according to regional

blood flow and most of the fraction is subsequently

retained in the lipid pool.28 Under ischemic condition,

the myocardial energy metabolism shifts from fatty acid

to glucose. In addition, back-diffusion of non-metabo-

lized BMIPP from the myocardium increases.28

Therefore, BMIPP reflect AAR as an impaired fatty

acid metabolism even after successful revascularization.

Kawai et al. reported the ability of BMIPP imaging at

1 week after MI to identify AAR is similar to that of Tc

perfusion frozen imaging before revascularization.29

Tanaka et al. also reported that the risk areas illustrated

by frozen image with Tc before PCI were very close to

risk areas on BMIPP image after seven days, though

AAR in BMIPP image days was slightly smaller than

that in frozen image.30 These data indicate that it is

appropriate for this study to use BMIPP SPECT after 1

week as a substitute for AAR, though MSI may be

slightly underestimated. Furthermore, the close correla-

tions between physiological characteristics on BMIPP

and perfusion SPECT image and microvascular obstruc-

tion on cardiac magnetic resonance imaging or coronary

flow velocity by doppler wire were reported.31,32

Therefore, it was reasonable to use MSI calculated from

BMIPP and perfusion SPECT imaging to investigate the

difference of periprocedural myocardial injury partially

mediated by thrombus embolization between prasugrel

and clopidogrel.

LIMITATIONS

First, it was performed at a single medical center

with observational design. To reduce the selection bias,

we enrolled consecutive patients and determined the

treatment according to the date of enrollment; still there

might be a selection bias which is related to inclusion

period. In addition, we did not examine the clinical

outcome in relation to the MSI. Second, the doses of

prasugrel used in Japan were approximately one-third of

the dose approved in Western countries. Although

Japanese phase III trial compared reduced dose of

prasugrel with standard dose of clopidogrel, this pra-

sugrel dose showed a similar efficacy to that used in the

TRITON-TIMI 38 study, with a lower incidence of

bleeding complications.2,33 It may be difficult to entirely

translate the results of our study to clinical practice in

Western countries because of the different usage of

prasugrel dose; however, the fact that a lower dose of

prasugrel than the standard dose showed effectiveness

for myocardial salvage might have clinical relevance

outside Japan. Third, beta-blocker was more frequently

used in the prasugrel group than in the other groups.

However, the effect of beta-blocker on CK rise or LV

remodeling prevention is limited.34,35 Finally, the rate of

manual aspiration and intra-aortic balloon pumping

(IABP) was higher in the clopidogrel groups. However,

manual thrombectomy has been proven not to reduce

thrombus burden,36,37 leading to the absence of clinical

benefit in randomized studies.38 Moreover, the con-

comitant use of IABP did not reduce the infarct size.39

Therefore, we think that the differences between the use

of the manual aspiration or IABP among the three

groups did not affect the results of this study.

CONCLUSION

In this study of STEMI patients, prasugrel in

STEMI patients was associated with a higher MSI

compared with clopidogrel in the presence of HRPR.

NEW KNOWLEDGE GAINED

The prasugrel group demonstrated a similar degree

of MSI to the clopidogrel without HRPR group; the

clopidogrel with HRPR group showed worse myocardial

salvage than the other two groups. Our findings suggest

that prasugrel is an attractive alternative to clopidogrel

in the management of patients with STEMI, especially

considering that in this challenging clinical setting, we

cannot use PFT to guide decision-making, as such

urgent conditions need prompt drug treatment.
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