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Introduction

Microparticles (MPs) shed from activated or apoptotic cells con-
tain complex procoagulant and proinflammatory properties.1)2) MPs 
released from various vascular or peripheral blood cells circulate in 
the blood and can be sequestered in complicated atherosclerotic 
plaques. The accumulated MPs within atherosclerotic plaques can 
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Background and Objectives: We investigated the effect of the additional use of abciximab during percutaneous coronary intervention 
(PCI) on the level of procoagulant microparticles (MPs) in patients with ST-segment elevation myocardial infarction (STEMI) who had un-
dergone primary PCI.
Subjects and Methods: In this study, we studied 86 patients with STEMI (72 men, age 58±13) who had undergone primary PCI. The de-
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dylserine equivalent (PS eq), p=0.479}. Abciximab was used in 30 of 86 patients (35%) immediately prior to PCI. In patients who had un-
dergone PCI without abciximab, no significant change in the level of MPs was observed after PCI. However, in the abciximab group, the level 
of circulating MPs was significantly decreased after PCI (12.0±10.7 nM vs. 7.8±11.7 nM PS eq, p=0.018). Levels of endothelial- and plate-
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Conclusion: Primary PCI with additional abciximab significantly reduced the level of procoagulant MPs regardless of their cellular origins 
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also be exposed to blood circulation by plaque erosion or rupture.3) 
Therefore, the levels of circulating procoagulant MPs are elevated 
in patients with acute coronary syndrome (ACS).4)5) Recently, it has 
been reported that procoagulant MPs are elevated in the culprit co-
ronary artery in patients with ST-segment elevation myocardial in-
farction (STEMI), and are reduced after successful primary percuta-
neous coronary intervention (PCI) with intracoronary aspiration.6)7) 
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Regarding the effect of the additional use of a GlycoProtein (GP) 
IIb/IIIa antagonist during primary PCI on the level of MPs, Morel et 
al.8) reported that in the early period after PCI, lower levels of pro-
coagulant MPs were achieved using abciximab treatment compar-
ed with eptifibatide therapy or primary PCI only, without the admi-
nistration of a GP IIb/IIIa antagonist. However, no data are available 
that compare MPs levels before and after PCI with additional abcix-
imab treatment. In a subgroup analysis of our recent data, the level 
of procoagulant MPs in the peripheral arteries was significantly de-
creased after PCI, compared with the pre-PCI level only in patients who 
had undergone primary PCI with additional abciximab treatment.7)

In the present study, we investigated the effect of the additional 
use of abciximab during PCI on the level of procoagulant MPs in pa-
tients with STEMI who had undergone primary PCI. The cellular or-
igins of the MPs were determined by antigenic capture with specific 
antibodies. In addition, we also evaluated whether additional intra-
coronary aspiration during PCI could reduce the level of post-PCI 
procoagulant MPs.

Subjects and Methods

Study population
We prospectively enrolled 86 consecutive patients with STEMI 

who had undergone primary PCI from January 2010 to August 2011 
at Gangnam Severance Hospital, Yonsei University College of Med-
icine, Seoul, Korea. STEMI was defined as resting chest pain lasting 
≥30 minutes, together with new or presumed new ST-segment el-
evation in ≥2 contiguous leads with the cut-off points ≥0.2 mV in 
leads V1, V2, or V3 and ≥0.1 mV in other leads.9) In all patients, myo-
cardial damage was confirmed by an elevation of creatine kinase-
MB (CK-MB) (>2 times the upper reference limit) during the hospi-
tal stay. Patients with chronic kidney disease (serum creatinine >2.0 
mg/dL), apparent infectious disease, malignancy, or chronic in-
flammatory disorders were excluded from the study.

The study protocol was approved by our local Institutional Re-
view Board (Gangnam Severance Hospital, Yonsei University College 
of Medicine), and written informed consent was obtained from each 
participant.

Study procedure and blood sampling
All patients received a loading dose of oral aspirin (300 mg), clopi-

dogrel (600 mg), and intravenous heparin (10000 IU) prior to PCI. 
Where necessary, a repeat bolus of heparin was administered to ma-
intain an activated clotting time of 250 to 300 seconds. Coronary 
angiography was performed by conventional methods through fe-
moral access. A first 20 mL blood sample was obtained through the 
femoral sheath prior to PCI. Primary PCI was performed according 

to standard techniques. In some patients, intracoronary aspiration 
using a monorail aspiration catheter (Export, Medtronic, Minneap-
olis, MN, USA) was conducted at the discretion of the operator. Any 
additional use of intravenous GP IIb/IIIa inhibitor was also left to the 
discretion of the operator during the procedure. Post-PCI blood sam-
ples were obtained at the end of PCI from the femoral artery throu-
gh the vascular sheath. 

All blood samples were drawn into evacuated collection tubes 
containing sodium citrate (0.109 M). The plasma supernatant was 
quickly decanted following a 15-minute centrifugation at 1500×g 
at room temperature, and was then again quickly centrifuged for 2 
minutes at 13000×g at room temperature. The platelet-poor plas-
ma containing circulating MPs obtained by double centrifugation 
was then stored in a frozen state at -80°C.

Microparticle assay
The frozen samples were thawed for 15 minutes at 37°C immedi-

ately prior to analysis. MPs with procoagulant potential were mea-
sured using a solid-phase capture assay from a commercial kit (ZY-
MUPHEN MP-Activity kit; Hyphen BioMed, Neuville-sur-Oise, Fran-
ce). Briefly, MPs were isolated by capture onto immobilized annexin 
V, and the amount of captured MPs was determined by a proth-
rombinase assay using their procoagulant potential.10) The cell ori-
gins of the MPs were determined by antigenic capture with insolu-
bilized specific antibodies instead of annexin V, using similar solid-
phase capture methods.10) In this study, the following biotinylated 
monoclonal antibodies were used: anti-CD31 (endothelial cells), 
anti-CD42b (endothelial cells) (Abcam, Cambridge, UK), and anti-
CD146 (platelets) (Millipore, Billerica, MA, USA). Results were ex-
pressed as phosphatidylserine equivalents (PS eq), calculated using 
the standard calibration curve constructed using liposomes of kn-
own concentrations. All tests were performed in duplicate.

Statistical analysis
Continuous data are expressed as mean±SD and categorical data 

are presented as numbers and percentages. Differences in categori-
cal variables were analyzed using the chi-square test, and differ-
ences in continuous variables were compared between the 2 groups 
using the unpaired Student’s t-test. Levels of MPs before and after 
PCI were compared using the Wilcoxon’s signed rank test. A 2-tailed 
p of <0.05 was considered to be statistically significant. All statistical 
analyses were performed with PASW statistics version 18.0 (Statis-
tical Package for the Social Sciences, Inc., Chicago, IL, USA).

Results

A total of 86 patients (72 men, 58±13 years of age) were enrolled 
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in this study. In 30 of the 86 patients (35%), the GP IIb/IIIa inhibitor 
was used as an initial bolus of abciximab 0.25 mg/kg, followed by a 
12-hour infusion of 0.125 μg/kg/min during the PCI procedure. When 
patients were divided into 2 groups based on the use of abciximab 
during PCI, baseline clinical characteristics were not different be-
tween the 2 groups except for dyslipidemia. Baseline characteris-
tics are listed in Table 1. Leukocytes count, peak CK-MB, and peak 
troponin T were higher in patients treated with abciximab. In the 
abciximab group, more patients showed the initial Thrombolysis in 
Myocardial Infarction (TIMI) flow 0 or 1 grade than in patients who 
did not receive abciximab (90% vs. 46%, p<0.001). However, optimal 
PCI results (TIMI flow 3 grade) were achieved in most patients of 
both groups (90% vs. 96%, p=0.300).

In all STEMI patients, levels of overall circulating MPs captured 
onto annexin V were not changed significantly after PCI (13.4±13.2 
nM vs. 13.2±16.1 nM PS eq, p=0.479) (Table 2). However, circulat-
ing MPs captured with anti-CD31 or anti-CD146 were significantly 
reduced after primary PCI, whereas those captured with anti-CD42b 
were not (Table 2).

When patients were divided into 2 groups according to the use 
of abciximab during PCI, no significant change in the level of over-
all MPs was observed after PCI in patients who had undergone PCI 
without abciximab (14.1±14.5 nM vs. 16.0±17.4 nM PS eq, p=0.336) 

(Fig. 1). In the abciximab group, however, the level of circulating 
MPs was significantly decreased after PCI (12.0±10.7 nM vs. 7.8± 
11.7 nM PS eq, p=0.018).

When the levels of MPs captured with different monoclonal an-
tibodies were analyzed, only the level of CD146+ MPs was found to 
have decreased after PCI in patients who did not receive abciximab 
(0.5±0.9 nM vs. 0.4±0.5 nM PS eq, p=0.025) (Fig. 2). However, in 
the abciximab group, the levels of MPs showed a significant reduc-
tion after PCI, regardless of their cellular origins.

When levels of MPs captured on annexin V and different mono-
clonal antibodies were compared according to the use of abciximab, 
pre-PCI levels of MPs were comparable between the two groups. 
However, post-PCI levels of total MPs, CD31+MPs, and CD42b+MPs 

Table 1. Baseline clinical, biochemical, and angiographic characteristics

No abciximab (n=56) Abciximab (n=30) p
Age (years) 58±13 56±13 0.391

Male (%) 47 (84) 25 (83) 0.943

Hypertension (%) 23 (41) 13 (43) 0.839

Diabetes mellitus (%) 16 (29) 10 (33) 0.647

Dyslipidemia (%) 19 (34) 4 (13) 0.040

Current smoking (%) 33 (59) 22 (73) 0.357

Leukocytes (103/μL) 10.1±3.6 12.0±3.7 0.030

Serum creatinine (mg/dL) 1.0±0.2 1.1±0.2 0.325

BNP (pg/mL) 163.2±1224.7 153.9±214.0 0.870

hs-CRP (mg/L) 10.2±27.2 5.7±6.8 0.410

Door-to-balloon time (hours) 1.6±1.4 1.1±1.0 0.111

Procedure time (minutes) 35.0±11.2 33.2±10.3 0.448

Peak CK-MB (μg/L) 146.8±211.2 397.2±524.3 0.017

Peak troponin T (μg/L) 3.4±4.4 9.0±14.4 0.044

Ejection fraction (%) 52.5±10.3 47.6±9.5 0.036

Culprit lesion (LAD/LCx/RCA) 31/9/16 14/3/13 0.357

Multivessel disease (%) 35 (63) 24 (80) 0.016

Intracoronary aspiration (%) 47 (84) 26 (87) 0.735

Pre PCI TIMI grade 0-1 (%) 26 (46) 27 (90) <0.001

Post PCI TIMI grade 3 (%) 53 (95) 26 (87) 0.300

BNP: brain natriuretic peptide, hs-CRP: high sensitivity C-reactive protein, LAD: left anterior descending artery, LCx: left circumflex artery, RCA: right coro-
nary artery, TIMI: Thrombolysis in Myocardial Infarction

Table 2. Levels of microparticles captured on annexin V and different 
monoclonal antibodies before and after coronary intervention

Pre-PCI Post-PCI p

Annexin V 13.4±13.2 13.2±16.1 0.479

Anti-CD31 1.7±1.6 1.4±1.7 0.031

Anti-CD146 0.6±1.0 0.3±0.4 0.001

Anti-CD42b 1.6±2.1 1.3±1.7 0.232

Values are expressed as nM phosphatidylserine equivalent. PCI: percutane-
ous coronary intervention
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were significantly lower in the abciximab group (Table 3).
Of the 86 patients enrolled, intracoronary aspiration was per-

formed in 73 patients (85%). Therefore, the effect of intracoronary 
aspiration on the change of MPs was also analyzed. However, there 
was no significant change observed in the level of circulating MPs 
before and after PCI in both groups (Fig. 3). When patients were di-
vided into 4 groups according to the use of intracoronary aspiration 
or abciximab during PCI, the significant reduction of MPs was ob-
served only in patients who had undergone both intracoronary as-
piration and abciximab infusion (n=26; 12.7±11.1 nM vs. 8.4±12.4 
nM PS eq, p=0.049) (Fig. 4). An insignificant trend of reduction was 
also observed in patients who received abciximab without intracor-
onary aspiration (n=4; 7.4±6.3 nM vs. 3.7±4.3 nM PS eq, p=0.068). 
However, that same trend was not observed in other groups.

Discussion

The principal finding of this study is that the additional use of ab-

Fig. 1. Comparison of levels of microparticles captured on immobilized an-
nexin V before and after coronary intervention in patients with ST-segment 
elevation myocardial infarction who had undergone coronary intervention 
without abciximab (n=56) or with abciximab (n=30). The line within the box 
denotes the median. The box spans the Interquartile Range (IQR). The whis-
kers extend to the minimum or maximum values within 1.5 IQR. PS: phos-
phatidylserine, PCI: percutaneous coronary intervention.
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ciximab during primary PCI significantly reduced the level of circu-
lating MPs in patients with STEMI, regardless of their cellular origins. 
In patients who had undergone PCI without abciximab, only the 
level of MPs captured on anti-CD146 showed a significant reduction 
after PCI. 

In a previous in vitro study, abciximab has been shown to inhibit 
platelet MPs formation and P-selectin expression in heparin and he-
parin-induced thrombocytopenia positive serum-induced platelet 
activation.11) In patients with STEMI treated with primary PCI, it has 
been reported that the post-PCI level of procoagulant MPs is signi-
ficantly lowered in the abciximab group compared with the eptifi-
batide subset or control group.8) However, no data are available com-
paring MPs levels before and after PCI with additional abciximab 
treatment.

Recently, our group demonstrated that the level of circulating 

MPs significantly decreased after PCI in the subgroup that received 
additional intravenous abciximab treatment during primary PCI, al-
though the level of MPs in coronary arteries showed no significant 
change due to the use of additional abciximab.7) In the present study, 
we confirmed these findings in more patients. In addition, we dem-
onstrated that, in the abciximab group, the levels of endothelial-de-
rived MPs were also decreased after PCI, as well as platelet-derived 
MPs.

It has been shown that abciximab blocks not only the GP IIb/IIIa 
receptor, but also the expression of Mac-1 and the αvβ3 vitronectin 
receptor.12)13) Abciximab can reduce endothelial cell activation and 
membrane shedding14) and attenuate endothelial dysfunction after 
coronary stenting.15) Therefore, these favorable effects of abciximab 
may be partially responsible for the reduction of endothelial-deriv-
ed MPs after PCI.

Table 3. Comparison of levels of microparticles captured on annexin V and different monoclonal antibodies according to the use of abciximab before 
and after coronary intervention

No abciximab (n=56) Abciximab (n=30) p

Annexin V Pre-PCI 14.1±14.5 12.0±10.7 0.863

Post-PCI 16.0±17.4 7.8±11.7 0.008

Anti-CD31 Pre-PCI 1.7±1.5 1.7±1.7 0.691

Post-PCI 1.7±1.9 0.8±11.7 0.022

Anti-CD146 Pre-PCI 0.5±0.9 0.6±1.2 0.837

Post-PCI 0.4±0.5 0.2±0.1 0.105

Anti-CD42b Pre-PCI 1.5±1.8 1.8±2.7 0.769

Post-PCI 1.7±2.0 0.6±0.5 0.032

Values are expressed as nM phosphatidylserine equivalent. PCI: percutaneous coronary intervention

Fig. 3. Comparison of levels of microparticles captured on immobilized an-
nexin V before and after coronary intervention in patients with ST-segment 
elevation myocardial infarction who had undergone coronary intervention 
without intracoronary aspiration (n=13) or with intracoronary aspiration 
(n=73). The line within the box denotes the median. The box spans the Inter-
quartile Range (IQR). The whiskers extend to the minimum or maximum val-
ues within 1.5 IQR. PS: phosphatidylserine, PCI: percutaneous coronary in-
tervention.
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In this study, abciximab was used at the discretion of the operator 
and intracoronary aspiration was also performed for most of the pa-
tients (26/30; 87%). Therefore, the effect of intracoronary aspira-
tion on the reduction of circulating MPs was also analyzed. However, 
no significant reduction of the level of MPs was observed in both 
groups. This result is consistent with our previous report that show-
ed no significant change in the level of MPs in peripheral blood af-
ter primary PCI with intracoronary aspiration.7) In addition, the trend 
of the reduction in the level of MPs was observed in patients who 
received abciximab without intracoronary aspiration, although the 
difference was not statistically significant because of the small 
number of patients in the group.

It has been noted that the level of MPs is elevated in patients with 
ACS, especially in patients with acute myocardial infarction.5) Mo-
reover, high endothelial-derived MPs levels are associated with high-
risk angiographic lesions in ACS,16) or disease severity in acute st-
roke.17) Endothelial-derived MPs are also known to be a risk factor 
for coronary artery disease in patients with diabetes.18) In addition, it 
has been shown that elevated levels of endothelial-derived MPs can 
independently predict future cardiovascular events in patients with 
heart failure19) or pulmonary hypertension.20) However, there are cur-
rently no data available to assess the clinical impact or prognostic 
value of the reduction of circulating MPs by therapeutic agents or 
procedures. Likewise, the clinical implications and prognostic sig-
nificance of the early reduction in the level of MPs was not able to 
be determined in this study.

There are some limitations in this study. Firstly, abciximab was 
used at the discretion of the operator during the procedure, without 
randomization. However, the 2 groups, according to the use of ab-
ciximab, were comparable in clinical characteristics and baseline 
levels of circulating procoagulant MPs, regardless of their cellular 
origins. Secondly, post-PCI samples were obtained immediately af-
ter PCI, although intravenous abciximab was used for 24 hours. 
Therefore, the full effect of abciximab use on the change of the level 
of MPs over time could not be analyzed. However, the early decrease 
in the level of MPs during PCI was observed in this study. Lastly, the 
effects of other medications including antiplatelet and anticoagu-
lant agents on the level of MPs could not be ruled out in this study. 
However, the same loading dosages of aspirin, clopidogrel, and in-
travenous heparin were used immediately prior to the 1st sampling.

In conclusion, primary PCI with additional abciximab significantly 
reduced the level of procoagulant MPs regardless of their cellular 
origins in patients with STEMI. Further observations in larger stud-
ies will be required to elucidate the clinical implications and prog-
nostic significance of the early reduction of the level of MPs by ad-
ditional GP IIb/IIIa antagonists in patients with STEMI.
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