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lycoprotein IIb/IIIa inhibitors (GPI) are known to effec-
tively reduce platelet aggregation, which improves 
microvascular function and clinical outcomes follow-

ing PCI.1,2 However, there is controversy over the beneficial 
effect of GPI.3–5 The optimal time of administration of GPI 
could be a significant factor in the clinical and the angiographic 
benefits.6,7 Previous studies showed that the early use of GPI 
before a procedure might be lead to favorable outcomes and 
better tissue perfusion.5,6

Clotinab (ISU ABXIS, Seoul, Republic of Korea) was pro-
duced by expressing the antiplatelet Gp IIb/IIIa DNA in Chinese 
hamster’s ovary cells, essentially an identical active ingredient 
as abciximab. Recent studies demonstrated that clotinab has 

similar ex vivo antiplatelet effects, clinical outcomes, and 
safety profiles to abciximab in patients with acute coronary 
syndrome (ACS).8,9

Although a recent study using abciximab under 600-mg 
clopidogrel pretreatment showed no reduction in infarction 
size, more data may be needed to demonstrate the benefit of 
early use of GPI.10 Therefore, this study investigated whether 
the upstream use of clotinab had additional benefits in ST 
elevation myocardial infarction (STEMI) patients undergoing 
primary PCI compared with “physician-guided provisional 
use”, even after pretreatment with a 600-mg loading dose of 
clopidogrel.
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Background:  This study investigated the efficacy and the safety of the upstream glycoprotein (Gp) IIb/IIIa inhibitor 
(clotinab; ISU ABXIS, Seoul, Republic of Korea) under 600-mg clopidogrel pretreatment compared with provisional 
use in ST-elevation myocardial infarction (STEMI).

Methods and Results:  A total of 786 STEMI patients were randomized to upstream use in the emergency room 
(ER) (n=392) or provisional use during percutaneous coronary intervention (PCI) (n=394). All patients were pre-
scribed 600-mg clopidogrel in the ER. The primary endpoint was the 30-day incidence of composite events including 
death, nonfatal myocardial infarction, target vessel revascularization, and stroke. There was no significant difference 
in the events that occurred in 40 patients (10.2%) in the upstream arm and 55 patients (14.0%) in the provisional 
arm during  the 30 days (odds ratio 0.70, 95% confidence  interval 0.45–1.08). Major bleeding was higher  in  the 
upstream arm (1.5% vs. 0%, P=0.02). However, there was a significant reduction in 30-day composite events in the 
upstream arm in the high-risk population (Killip class ≥II or GRACE score >140).

Conclusions:  The upstream use of  clotinab under a 600-mg clopidogrel  loading may not  significantly  reduce 
cardiac events following primary PCI but may improve the clinical outcome in high-risk patients.    (Circ J  2012; 76: 
405 – 413)
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Methods
Study Population
The ECLAT-STEMI (Efficacy of CLotinab in Acute myocar-
dial infarction Trial–ST Elevation Myocardial Infarction) 
study is a multicenter, prospective, randomized, single-blind 
clinical trial performed at 31 Korean institutions (Figure 1). 
Inclusion criteria were the presence of symptoms <12 h, ST-
segment elevation of at least 0.1 mV in 2 contiguous leads of 
the ECG or new-onset left bundle branch block, and age 
between 18 and 80 years. Exclusion criteria were cardiogenic 
shock; history of major surgery, trauma, or significant bleed-
ing within recent 6 weeks; history of cerebrovascular attack 
within past 2 years, or with a significant residual neurological 
deficit; severe or malignant hypertension (systolic blood pres-
sure (SBP) >180 mmHg or diastolic blood pressure (DBP) 
>105 mmHg); been administered oral anticoagulants within 
past 7 days; and known allergy to heparin, aspirin, clopido-
grel, or abciximab. The study protocol was approved by the 
institutional review board of each participating institution, and 
written consent was given by all patients.

Between August 2007 and December 2008, 902 STEMI 
patients were screened in this study; 116 patients were 
excluded (7 died in the emergency room (ER) or from refrac-
tory cardiogenic shock, 27 with non-STEMI or STEMI ≥12 h 
after symptom onset, 8 were over 80 years old, 12 had a con-
traindication to GPI, 21 refused to participate, and 41 had 
other exclusion criteria). The eligible patients (n=786) were 
randomized to the upstream arm (n=392) or the provisional 
arm (n=394). They were assigned in a 1:1 ratio using a Web-

based computer-generated randomization sequence with 
blocks at 31 centers.

Study Protocol and Procedure
The patients were pretreated in the ER before PCI with chewable 
aspirin (200 mg) and clopidogrel (600-mg loading). Those allo-
cated to the upstream arm received intravenous clotinab in the 
ER with a bolus of 0.25 mg/kg followed by a continuous infusion 
of 0.125 μg/(kg × min) (up to a maximal dose of 10 μg/min) for 
12 h. Those allocated to the provisional arm received intrave-
nous or intracoronary clotinab during the procedure at the oper-
ator’s discretion. Intravenous heparin (5,000 U) was injected in 
the ER, and activated clotting time (ACT) was checked before 
procedure in the catheterization lab. According to the ACT, 
patients received intravenous heparin to reach an ACT >200 s 
in the upstream arm and >300 s in the provisional arm. Proce-
dural success was defined as a reduction of the stenosis to <30% 
residual narrowing and Thrombolysis In Myocardial Infarction 
(TIMI) grade 3 flow. After PCI, aspirin (100 mg/day) was con-
tinued indefinitely and clopidogrel (75 mg/day) was adminis-
tered for at least 12 months; clinical follow-up at 1 and 12 
months was performed by office visit or telephone with all 
study patients. In the follow-up assessment performed inde-
pendently, treatment assignment was not disclosed.

Angiographic and Electrocardiographic Analysis
All interventions were performed with a standard technique. 
Pre- and post-PCI angiograms were reviewed in an angio-
graphic core laboratory (Yonsei University Health System, 
Seoul, Republic of Korea). The angiographic parameters were 

Figure 1.    Study protocol of the ECLAT-STEMI Trial (ECLAT-STEMI, Efficacy of CLotinab in Acute myocardial infarction Trial-ST 
Elevation Myocardial Infarction).
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analyzed using TIMI flow grade before and after PCI, corrected 
TIMI frame count (cTFC), and myocardial blush grade (MBG) 
by 2 experienced observers, as in previous reports.11–13

Cardiac Enzyme Assay
Blood samples were collected before and 4 times every 6 h, 3 
times every 8 h, and 2 times every 12 h after PCI to measure 
creatine kinase–myocardial band isoenzyme (CK-MB) levels 
for the detection of periprocedural enzyme re-elevation; further 
measurements were performed in cases of postprocedural 
symptoms suggestive of myocardial ischemia. Normal limits 
of CK-MB and troponin T or I were defined according to each 
center.

Endpoints
The primary endpoint was the occurrence of major adverse 
cardiac and cerebrovascular events (MACCE) (death, reinfarc-
tion, target vessel revascularization, or stroke) during the first 
30 days. Reinfarction was defined by protocol as: (1) occurring 
within 24 h of index PCI with re-elevation of CK-MB by at 
least 33% or 100% from the preceding nadir (which was ≥2 or 
<2 times normal, respectively) and reaching at least >3 times 
normal value in association with ischemic symptoms, and (2) 
after 24 h, MI was defined as new pathological Q waves or 
re-elevation of CK-MB to >3 times normal (24 h to discharge) 
or >2 times normal (after hospital discharge).14 Spontaneous 
MI was also evaluated according to the universal definition.15 
Target vessel revascularization included bypass surgery or 
repeat PCI of the target vessels. The diagnosis of stroke was 
confirmed by an imaging study, such as magnetic resonance 
imaging or computer tomography, and neurologic symptoms. 
Secondary endpoints after PCI were as follows: (1) final TIMI 
flow, (2) cTFC, and (3) MBG. Bleeding complication was 
classified according to the TIMI criteria, which categorizes it 
as major or minor bleeding.16 Proposed standard definitions of 

stent thrombosis by the Academic Research Consortium 
(ARC) were used.17 MACCE were evaluated according to risk 
with Killip class and Global Registry of Acute Coronary Syn-
drome (GRACE) risk score.18 All events were adjudicated and 
classified by an Event Adjudication Committee blinded to the 
randomization group.

Sample Size Calculation and Statistical Analysis
Calculation of the sample size was based on a 2-sample and 2-
sided test. Based on previous studies, the MACCE rate was 
assumed to be 11.5% in the provisional arm, considering the 
beneficial effect of the provisional clotinab and the 600-mg 
clopidogrel loading on the MACCE rate in the ADMIRAL 
study (14.6%).4 The MACCE rate of the early clotinab arm was 
assumed to be 5.5%, considering approximately 10.0% reduc-
tion of events when compared with the ADMIRAL study 
(6.0%). Therefore, the difference in event-free survival for 
MACCE at 30 days was 6.0%, which was based on a previous 
study and taking into consideration the 600-mg clopidogrel 
loading before primary PCI setting (94.5% for the upstream arm 
vs. 88.5% for the provisional arm). Using a 2-sided alpha level 
of 0.05 and statistical power of 90%, 338 patients in the upstream 
arm and 338 patients in the provisional arm were studied. Based 
on a 15% follow-up loss, a total of 780 patients were analyzed.

All analyses were performed on the basis of intention-to-
treat analysis considering all data, including those of this trial, 
as randomized. Treatment crossover did not take place in 30 
days. Values are expressed as mean ± SD or median (25th to 
75th percentiles). Comparisons of categorical variables were 
made using χ2 test and Fisher’s exact test when the expected 
frequency was less than 5. Student’s t-test was used to com-
pare continuous variables for normally distributed values, 
otherwise the Mann-Whitney U test was used. In addition, 
post hoc analysis was performed according to Killip class or 
GRACE score as a measure of risk level. Heterogeneity of 

Table 1. Baseline Clinical Characteristics

Upstream group  
(n=392)

Provisional group  
(n=394) P value

Age (years) 57.9±11.4 58.8±11.7 0.33

Male 310 (79.1%) 317 (80.5%) 0.63

BMI (kg/m2) 24.2±2.7　　 24.2±3.0　　 0.83

Diabetes mellitus   75 (19.1%)   80 (20.3%) 0.68

Hypertension 194 (49.5%) 217 (55.1%) 0.12

Hypercholesterolemia 201 (51.3%) 204 (51.8%) 0.89

Current smoker 198 (50.5%) 210 (53.3%) 0.43

Family history of CAD 29 (7.7%) 27 (7.3%) 0.81

Previous MI   8 (2.0%) 13 (3.3%) 0.27

Previous PCI 19 (4.8%) 19 (4.8%) 0.99

Previous CVA 14 (3.6%) 15 (3.7%) 0.86

Pain-to-balloon time (min)* 209 (136–324)　 218 (140–343)　 0.68

Door-to-balloon time (min)* 73.0 (59.0–97.0) 68.0 (55.0–92.0) 0.07

Clopidogrel loading-to-balloon time (min) 65.5 (50.0–88.0) 60.0 (47.0–84.0) 0.07

Randomization-to-balloon time (min)† 58.5 (44.0–82.0) 53.0 (40.0–77.0) 0.07

Peak CK-MB (U/L) 208±148 213±163 0.67

LVEF (%)† 51.3±11.2 50.9±11.5 0.62

Values are presented as n (%) or mean ± SD.
BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary inter-
vention; CVA, cerebrovascular accident; CK-MB, creatine kinase-myocardial band isoenzyme; LVEF, left ventricular 
ejection fraction.
*These parameters were evaluated in 746 patients who underwent PCI from among 786 patients.
†LVEF was evaluated during admission after primary PCI.
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treatment differences across risk groups was checked by 
assessing the interaction between the assigned treatment and 
the risk group according to various subsets, including Killip 
class or GRACE score with respect to the endpoint of interest. 
Results are expressed as mean ± SD unless otherwise speci-
fied. All analyses were verified using the Statistical Analysis 
System software (SAS; 9.1.3., SAS Institute, Cary, NC, USA). 
A P value <0.05 was considered statistically significant.

Results
Baseline Characteristics
Baseline clinical characteristics in the upstream and the provi-
sional arms are shown in Table 1. The left ventricular ejection 
fraction during admission after PCI was comparable between the 
2 arms (51.3 vs. 50.9%, P=0.62). The pain-to-balloon time was 
not different (median: 209 vs. 218 min, P=0.68), but the door-to-
balloon time tended to be longer in the upstream arm (median 
73.0 vs. 68.0 min, P=0.07). Median clotinab administration-to-
balloon time in the upstream arm was 49.5 (34.0–72.3) min.

Angiographic and Periprocedural Findings (Table 2)
TIMI grade 0 before PCI was observed in 417 patients (53.1%) 
and was significantly lower in the upstream arm [192 (49.0%) 
vs. 225 (57.1%), P=0.02]. Intracoronary thrombi were seen in 
256 (65.3%) and 267 patients (67.8%) in the upstream and 
provisional arms, respectively. Clotinab was used during PCI 
in 160 patients (40.6%) of the provisional arm. Aspiration 
thrombectomy and intra-arterial balloon pump were used in 
179 (22.8%) and 34 patients (4.3%).

Primary Endpoint (Table 3)
MACCE at 30 days occurred in 40 (10.2%) and 55 patients 
(14.0%) in the upstream and provisional arms (P=0.14), 
respectively, which was not significantly different overall or 
for each cardiac event. Re-elevation of the cardiac enzymes in 
the periprocedural period occurred in 70 patients [upstream 
arm vs. provisional arm: 30 (7.7%) vs. 40 (10.2%), P=0.22]. 
In addition, the composite events at 30 days, including death 
or MI, did not differ significantly between the 2 arms [40 
(10.2%) vs. 50 (12.7%), P=0.27].

The incidence of in-hospital MACCE tended to be lower in 

Table 2. Angiographic and Periprocedural Characteristics

Upstream group  
(n=392)

Provisional group  
(n=394) P value

Target vessel (n, %) 　0.63　　

    Left main 3 (0.8%)   4 (1.0%)

    LAD 212 (54.1%)　　 209 (53.0%)

    LCX 48 (12.2%)   39 (10.0%)

    RCA 129 (32.9%)　　 142 (36.0%)

Severity of CAD (n, %)

    Left main disease 13 (3.4%)　　 14 (3.7%) 　0.86　　

    No significant disease 13 (3.3%)　　 11 (2.8%) 　0.44　　

    1-VD 200 (51.0%)　　 180 (45.7%)

    2-VD 103 (26.3%)　　 117 (29.7%)

    3-VD 76 (19.4%)   86 (21.8%)

Type B2 or C (n, %) 256 (65.3%)　　 271 (68.8%) 　0.30　　

Bifurcation (n, %) 36 (9.2%)　　 31 (7.9%) 　0.51　　

Initial TIMI grade (n, %)

    0 192 (49.0%)　　 225 (57.1%) 　0.02　　

    1 54 (13.8%) 39 (9.9%) 　0.09　　

    2 64 (16.3%)   49 (12.4%) 　0.12　　

    3 82 (20.9%)   80 (20.3%) 　0.83　　

Type of PCI (n=746) 　0.25　　

    POBA 2 (0.5%)   3 (0.8%)

    Stent 373 (99.5%)　　 368 (99.2%)

Type of stent 　0.46　　

    DES 370 (99.2%)　　 363 (98.6%)

    BMS 3 (0.8%)   5 (1.4%)

Stent diameter (mm)   3.3±0.4   3.3±0.4 　0.98　　

Stent length (mm) 25.3±6.9 24.6±6.5 　0.17　　

Maximal pressure (mmHg) 13.1±3.1 13.3±3.4 　0.29　　

Thrombectomy 92 (23.5%)   87 (22.1%) 　0.64　　

Glycoprotein IIb/IIIa inhibitor 392 (100.0%) 160 (40.6%) <0.001

IABP use 14 (3.6%)　　 20 (5.1%) 　0.30　　

IVUS use 75 (19.1%)   67 (17.0%) 　0.44　　

Values are presented as n (%) or mean ± SD.
LAD,  left anterior descending artery; LCX, Left circumflex artery; RCA,  right coronary artery; TIMI, Thrombolysis  In 
Myocardial Infarction; POBA, plain-old balloon angioplasty; DES, drug-eluting stent; BMS, bare metal stent; IABP, intra-
arterial balloon pump; IVUS, intravascular ultrasound. Other abbreviations see in Table 1.
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Table 3. Incidence of Major Adverse Cardiac Events

Upstream group  
(n=392)

Provisional group  
(n=394) OR (95%CI) P value

In-hospital

    Death

        Any cause 5 (1.3%) 9 (2.3%) 0.55 (0.18–1.67) 0.27

        Cardiovascular 4 (1.0%) 8 (2.0%) 0.50 (0.15–0.17) 0.25

    Reinfarction 31 (7.9%)　　 40 (10.2%) 0.76 (0.47–1.24) 0.27

    TVR 2 (0.5%) 5 (1.3%) 0.40 (0.08–2.07) 0.26

    Stroke 0 (0%)　　　 2 (0.5%) – 0.50

    MACCE 36 (9.2%)　　 52 (13.2%) 0.65 (0.42–1.02) 0.07

30 days

    Death

        Any cause 7 (1.8%) 10 (2.5%)　　 0.70 (0.26–1.85) 0.47

        Cardiovascular 6 (1.5%) 8 (2.0%) 0.75 (0.26–2.18) 0.60

    Reinfarction 33 (8.4%)　　 41 (10.4%) 0.79 (0.49–1.28) 0.34

    TVR 4 (1.0%) 5 (1.3%) 0.80 (0.21–3.01) 0.74

    Stroke 0 (0%)　　　 3 (0.8%) – 0.25

    MACCE 40 (10.2%) 55 (14.0%) 0.70 (0.45–1.08) 0.14

ARC definite or probable stent  
thrombosis at 12 months 11 (2.9%)　　 12 (3.2%)　　 0.85 (0.37–1.91) 0.81

Values are presented as n (%) or mean ± SD.
OR, odds ratio; CI, confidence  interval; TVR,  target vessel revascularization; MACCE, major adverse cardiac and 
cerebrovascular event; ARC, Academic Research Consortium.

Figure 2.    Kaplan Meier 12-month MACCE-free survival after primary PCI. MACCE-free survival at 12 months was not signifi-
cantly different between the 2 groups. MACCE, major adverse cardiac and cerebrovascular events; PCI, percutaneous coronary 
intervention.
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the upstream arm compared with the provisional arm (36 
(9.2%) vs. 52 (13.2%), P=0.07, Table 3), but the occurrence 
of MACCE during 12 months was quite similar between the 2 
groups (Figure 2).

In addition, the prevalence of definite or probable stent 
thrombosis was not different between the 2 arms. The inci-
dence of spontaneous MI using the universal definition was 
also not different between the 2 groups [upstream arm vs. 
provisional arm: 1 (0.3%) vs. 0 (0%), P=0.50, in-hospital; 3 
(0.8%) vs. 1 (0.3%), P=0.37, at 30 days; and 8 (2.0%) vs. 5 
(1.3%) at 12 months, P=0.40].

Secondary Endpoints (Table 4)
TIMI 3 flow was obtained for 696 patients (93.3%), which was 
also not significantly different between groups. MBG showed 
a higher trend in the upstream arm, but cTFC was not signifi-
cantly different between groups. Peak CK-MB level was also 
not significantly different (208±148 vs. 213±167, P=0.67) 
between groups. However, the incidence of both TIMI major 
bleeding [6 (1.5%) vs. 0 (0%), P=0.02) and minor bleeding (18 
(4.6%) vs. 9 (2.3%), P=0.08] was higher in the upstream arm. 
Severe thrombocytopenia (<50,000 cell/mm3) was observed in 
6 patients [5 (1.3%) vs. 1 (0.3%), P=0.12], and profound 
thrombocytopenia (<20,000 cell/mm3) was experienced by 
only 1 patient treated with clotinab in the upstream arm.

Clinical Outcome According to Subgroup Including Killip 
Class and GRACE Score (Figure 3)
The 30-day MACCE was analyzed in different subgroups 
according to age, sex, diabetes, infarct location, multivessel 
disease, interval from pain onset to admission, interval clopi-
dogrel to balloon, Killip class and GRACE score. The 
upstream use of clotinab had a beneficial effect on the reduc-
tion of 30-day MACCE in patients ≤60 years old. Interest-
ingly, the upstream use of clotinab had also a favorable effect 
on the reduction of 30-day MACCE among the high-risk 
population (Killip class ≥II and GRACE score >140) (16/141 
(11.3%) vs. 26/117 (22.2%), P=0.02 and 19/152 (12.5%) vs. 
31/141 (22.0%), P=0.03). Additionally, the rate of in-hospital 
and 30-day net adverse clinical outcomes (MACCE + major 
bleeding) was significantly lower in the upstream arm of the 
high-risk population (14/141 (9.9%) vs. 24/117 (20.9%), 
P=0.01 and 16/141 (11.3%) vs. 25/115 (21.7%), P=0.02 in 

Killip class ≥II and 16/152 (10.5%) vs. 30/141 (21.3%), 
P=0.01 and 19/152 (12.7%) vs. 31/137 (22.0%), P=0.03 in 
GRACE risk score >140), although there were not any differ-
ences of clinical outcomes in the overall population and low-
risk groups.

Discussion
The ECLAT-STEMI study is a prospective randomized trial 
to compare the clinical benefits and the incidence of bleeding 
between upstream use and physician-guided provisional use 
as a real clinical practice pattern of clotinab under 600-mg 
clopidogrel pretreatment. The upstream use of clotinab might 
not be significantly associated with a reduction in the inci-
dence of MACCE at 30 days. Significant bleeding, including 
TIMI major, was more commonly observed in the upstream 
arm. However, the in-hospital MACCE tended to be lower in 
the upstream arm and the upstream use of clotinab might show 
a favorable effect on clinical outcome in high-risk patients.

Early pharmacologic reperfusion has been of main interest 
for reducing the ischemic time and compensating the delayed 
action of clopidogrel in primary PCI of STEMI.19,20 Previous 
study has shown the beneficial effects of obtaining TIMI III 
flow before primary PCI in STEMI.21 However, the clinical 
benefits of upstream use of GPIs is controversial based on 
large clinical trials and meta-analysis.7,22,23 Timing of GPI 
infusion could be an important factor in the different results. 
The FINESSE trial (Facilitated Intervention with Enhanced 
Reperfusion Speed to Stop Events) failed to demonstrate any 
benefits on clinical outcome with upstream use of GPIs.22 
Another large randomized trial in patients with STEMI did not 
show any benefit of abciximab before PCI under 600-mg 
clopidogrel loading.10 However, the On-Time 2 trial (Ongoing 
Tirofiban in Myocardial Evaluation) showed that prehospital 
initiation of tirofiban improved ST-segment resolution and 
clinical outcome after primary PCI.7 In the first 2 trials, abcix-
imab was started >200 min after the onset of symptoms, but in 
the On-Time 2 trial, the median time between symptom onset 
and tirofiban was 76 min.7 In addition, subgroup analysis in 
that trial showed that the largest effectwas in patients who 
received tirofiban shortly after symptom onset.7 The median 
time from onset of pain to clotinab administration of this study 
was over 120 min, which could be a reason for the lack of 

Table 4. Immediate Postprocedural Outcomes and Bleeding Events

Upstream group  
(n=375)

Provisional group  
(n=371) P value

Final TIMI flow grade 2.92±0.34 2.91±0.34 0.34

TIMI grade III 352 (93.9%) 344 (92.7%) 0.53

No reflow 23 (6.1%) 34 (9.2%) 0.12

Corrected TIMI frame count* 32.7±19.7 32.8±20.0 0.99

Blush grade* 2.09±1.09 1.97±1.12 0.13

Blush grade 3* 167 (48.4%) 150 (43.0%) 0.15

Bleeding events (n=392) (n=394)

    TIMI major bleeding   6 (1.5%) 0 (0%)　 0.02

    TIMI minor bleeding 18 (4.6%)   9 (2.3%) 0.08

    Thrombocytopenia

        <50,000 cells/mm3   5 (1.3%)   1 (0.3%) 0.12

        <20,000 cells/mm3   1 (0.3%) 0 (0%)　 0.50

Values are presented as n (%) or mean ± SD.
Abbreviations see in Tables 1,2.
*TIMI frame count and blush grade were evaluated in 696 of 746 patients who underwent PCI.
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clinical benefit. Another issue is the delayed action of clopi-
dogrel, which takes more than 2 h to achieve sufficient inhi-
bition of platelet aggregation even with a 600-mg loading 
dose before PCI.20 Hence, early GPI administration theoreti-
cally could be useful for suppressing platelet activity during 
primary PCI because door-to-balloon time is usually within 
90 min. The present trial also evaluated the efficacy of upstream 
GPI administration to overcome the delayed action of clopi-
dogrel, and this was compared with active control (provisional 

use of clotinab), which could well reflect the real clinical situ-
ation. Overall, upstream clotinab was not associated with a 
reduction in the incidence of adverse cardiovascular events 
but rather, increased bleeding complications compared with 
the provisional use of clotinab during PCI. This finding sug-
gests that upstream clotinab may not improve clinical out-
comes in unselected patients if bleeding complication is con-
sidered. However, this strategy showed beneficial effects for 
improving clinical outcome in the high-risk population (Killip 

Figure 3.    The 30-day clinical outcomes in various subgroups. Upstream use of clotinab shows a favorable effect on reducing the 
30-day clinical events in patients aged ≤60 years, Killip class ≥II and GRACE score >140. *These parameters were evaluated in 
746 patients who underwent percutaneous coronary intervention from among 786 patients. CI, confidence interval; MACCE, major 
adverse cardiac and cerebrovascular events; OR, odds ratio.
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class ≥II or GRACE risk score >140). The upstream use of 
clotinab could be considered an option for the high-risk group 
in STEMI to decrease clinical events, and previous studies also 
report favorable results for the upstream use of abciximab.24,25 
The further analysis in the FINESSE trial suggested that a 
combination (abciximab plus half-dose reteplase) before PCI 
might have a substantial benefit in high-risk patients with a 
large infarct area and TIMI score ≥3 in STEMI.22,26,27 Further-
more, a recent study and meta-analysis reported a significant 
relationship between the patient’s risk profile and clinical 
outcome, and suggested the use of conjunctive pharmacologic 
treatment, including GPIs, to improve the outcomes in those 
high-risk patients.28 The favorable effect of the GPI might 
be related to rapid inhibition of platelets in patients with high 
risk, whose thrombotic complications significantly outweighs 
the risk of bleeding complications. In the present study, the 
initial TIMI grade 0 was significantly lower in the upstream 
arm, which could also explain the reduction in in-hospital 
clinical events in the high-risk patients, because early reper-
fusion could be critical especially in the high-risk group in 
STEMI.

The beneficial role of microvascular perfusion was investi-
gated using TIMI grade, cCTF, and MBG in the upstream use. 
Some parameters showed a favorable trend with upstream use, 
but no significant improvement in myocardial perfusion was 
observed in this study.

Study Limitations
One of the limitations in this study is that the sample size 
might not be sufficient to evaluate the effects of upstream 
clotinab on clinical events, because the overall cohort was at 
low or intermediate risk, with the overall 30-day, all-cause 
mortality at 2.2%. Therefore, beneficial effects of the upstream 
use of clotinab might be underestimated because of insufficient 
sample size, and a large randomized trial with sufficient sam-
ple size or involving high-risk patients is needed to confirm the 
findings. Second, serial cardiac enzyme measurements were 
not available in all patients. Therefore, reinfarction defined as 
a re-elevation of cardiac enzymes may not have been detected 
in some patients. Third, this was not a double-blind study. 
Fourth, cTFC and MBG could be evaluated in 696 patients 
(93.9%) only, because of poor image quality. Fifth, the 
upstream use of clotinab had a favorable effect in high-risk 
patients, but this finding needs to be confirmed with a large 
population study with sufficient power because this finding 
was derived from a subanalysis.

Conclusions
Although the upstream use of clotinab in the ER before pri-
mary PCI failed to decrease clinical events compared with its 
provisional use at the time of PCI in the ECLAT-STEMI 
study, a beneficial effect cannot be excluded based on the 
sample size. In addition, the reduction of MACCE associated 
with provisional use was significant in high-risk subgroups 
such as patients with Killip class >II or GRACE score >140.

A larger clinical trial, adequately powered for key clinical 
endpoints, is needed to determine the role in clinical practice 
of upstream use of clotinab on a background of 600-mg clop-
idogrel pretreatment.

Acknowledgments
The authors thank Hyun Sun Lim, PhD, of the Medical Research Support 
Section at the Yonsei University for statistical support.

This study was partly supported by a grant from ISU ABXIS, Seoul, 

Republic of Korea and Cardiovascular Research Center, Seoul, Republic 
of Korea.

Disclosures
None of the authors have any conflicts of interest to declare.

References
 1. Neumann FJ, Blasini R, Schmitt C, Alt E, Dirschinger J, Gawaz M, 

et al. Effect of glycoprotein IIb/IIIa receptor blockade on recovery of 
coronary flow and left ventricular function after the placement of 
coronary-artery stents in acute myocardial infarction. Circulation 
1998; 98: 2695 – 2701.

 2. Kastrati A, Mehilli J, Neumann FJ, Dotzer F, ten Berg J, Bollwein 
H, et al. Abciximab in patients with acute coronary syndromes 
undergoing percutaneous coronary intervention after clopidogrel 
pretreatment: The ISAR-REACT 2 randomized trial. JAMA 2006; 
295: 1531 – 1538.

 3. Dudek D, Siudak Z, Janzon M, Birkemeyer R, Aldama-Lopez G, 
Lettieri C, et al. European registry on patients with ST-elevation myo-
cardial infarction transferred for mechanical reperfusion with a spe-
cial focus on early administration of abciximab: EUROTRANSFER 
Registry. Am Heart J 2008; 156: 1147 – 1154.

 4. Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elhadad S, 
Villain P, et al. Platelet glycoprotein IIb/IIIa inhibition with coronary 
stenting for acute myocardial infarction. N Engl J Med 2001; 344: 
1895 – 1903.

 5. Rakowski T, Zalewski J, Legutko J, Bartus S, Rzeszutko L, Dziewierz 
A, et al. Early abciximab administration before primary percutaneous 
coronary intervention improves infarct-related artery patency and left 
ventricular function in high-risk patients with anterior wall myocar-
dial infarction: A randomized study. Am Heart J 2007; 153: 360 –  
365.

 6. Rakowski T, Siudak Z, Dziewierz A, Birkemeyer R, Legutko J, 
Mielecki W, et al. Early abciximab administration before transfer for 
primary percutaneous coronary interventions for ST-elevation myo-
cardial infarction reduces 1-year mortality in patients with high-risk 
profile: Results from EUROTRANSFER registry. Am Heart J 2009; 
158: 569 – 575.

 7. Van’t Hof AW, Ten Berg J, Heestermans T, Dill T, Funck RC, van 
Werkum W, et al. Prehospital initiation of tirofiban in patients with 
ST-elevation myocardial infarction undergoing primary angioplasty 
(On-TIME 2): A multicentre, double-blind, randomised controlled 
trial. Lancet 2008; 372: 537 – 546.

 8. Moon JY, Kim W, Kim JH, Ahn Y, Jeong MH, Kim YH, et al. A 
multicenter, randomized, open-label, therapeutic, and exploratory 
trial to evaluate the tolerability and efficacy of platelet glycoprotein 
IIb/IIIa receptor blocker (Clotinab) in high-risk patients with percu-
taneous coronary intervention. Yonsei Med J 2008; 49: 389 – 399.

 9. Choi DH, Suh JW, Park KW, Kang HJ, Kim HS. Assessment of the 
bioequivalence of brand and biogeneric formulations of abciximab for 
the treatment of acute coronary syndrome: A prospective, open-label, 
randomized, controlled study in Korean patients. Clin Ther 2009; 31: 
1804 – 1811.

10. Mehilli J, Kastrati A, Schulz S, Frungel S, Nekolla SG, Moshage W, 
et al. Abciximab in patients with acute ST-segment-elevation myo-
cardial infarction undergoing primary percutaneous coronary inter-
vention after clopidogrel loading: A randomized double-blind trial. 
Circulation 2009; 119: 1933 – 1940.

11. The Thrombolysis in Myocardial Infarction (TIMI) trial. Phase I 
findings: TIMI Study Group. N Engl J Med 1985; 312: 932 – 936.

12. Van’t Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ, 
Zijlstra F. Angiographic assessment of myocardial reperfusion in 
patients treated with primary angioplasty for acute myocardial infarc-
tion: Myocardial blush grade: Zwolle Myocardial Infarction Study 
Group. Circulation 1998; 97: 2302 – 2306.

13. Gibson CM, Cannon CP, Daley WL, Dodge JT Jr, Alexander B Jr, 
Marble SJ, et al. TIMI frame count: A quantitative method of assess-
ing coronary artery flow. Circulation 1996; 93: 879 – 888.

14. Brener SJ, Barr LA, Burchenal JE, Katz S, George BS, Jones AA, et 
al. Randomized, placebo-controlled trial of platelet glycoprotein 
IIb/IIIa blockade with primary angioplasty for acute myocardial 
infarction: ReoPro and Primary PTCA Organization and Randomized 
Trial (RAPPORT) Investigators. Circulation 1998; 98: 734 – 741.

15. Thygesen K, Alpert JS, White HD. Universal definition of myocardial 
infarction. J Am Coll Cardiol 2007; 50: 2173 – 2195.

16. TIMI Study Group. Definitions used in TIMI-trials. http://www.timi.org 
(accessed August 1, 2009).

17. Mauri L, Hsieh WH, Massaro JM, Ho KK, D’Agostino R, Cutlip DE. 



Circulation Journal  Vol.76,  February  2012

413Early Gp IIb/IIIa Inhibition in STEMI

Stent thrombosis in randomized clinical trials of drug-eluting stents. 
N Engl J Med 2007; 356: 1020 – 1029.

18. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon 
CP, et al. Predictors of hospital mortality in the global registry of acute 
coronary events. Arch Intern Med 2003; 163: 2345 – 2353.

19. Guzman LA. Glycoprotein IIb/IIIa inhibitors to facilitate percutaneous 
intervention in ST-elevation myocardial infarction: The sooner not 
necessarily the better. Circ J 2010; 74: 1528 – 1529.

20. Dangas G, Mehran R, Guagliumi G, Caixeta A, Witzenbichler B, 
Aoki J, et al. Role of clopidogrel loading dose in patients with ST-
segment elevation myocardial infarction undergoing primary angio-
plasty: Results from the HORIZONS-AMI (harmonizing outcomes 
with revascularization and stents in acute myocardial infarction) 
trial. J Am Coll Cardiol 2009; 54: 1438 – 1446.

21. Stone GW, Cox D, Garcia E, Brodie BR, Morice MC, Griffin J, et al. 
Normal flow (TIMI-3) before mechanical reperfusion therapy is an 
independent determinant of survival in acute myocardial infarction: 
Analysis from the primary angioplasty in myocardial infarction trials. 
Circulation 2001; 104: 636 – 641.

22. Ellis SG, Tendera M, de Belder MA, van Boven AJ, Widimsky P, 
Janssens L, et al. Facilitated PCI in patients with ST-elevation myo-
cardial infarction. N Engl J Med 2008; 358: 2205 – 2217.

23. Dong L, Zhang F, Shu X. Upstream vs deferred administration of 
small-molecule glycoprotein IIb/IIIa inhibitors in primary percutane-
ous coronary intervention for ST-segment elevation myocardial 
infarction: Insights from randomized clinical trials. Circ J 2010; 74: 

1617 – 1624.
24. De Luca G, Gibson CM, Bellandi F, Murphy S, Maioli M, Noc M, 

et al. Early glycoprotein IIb-IIIa inhibitors in primary angioplasty 
(EGYPT) cooperation: An individual patient data meta-analysis. 
Heart 2008; 94: 1548 – 1558.

25. Dziewierz A, Siudak Z, Rakowski T, Chyrchel M, Mielecki W, Janzon 
M, et al. Early abciximab administration before primary percutaneous 
coronary intervention improves clinical outcome in elderly patients 
transferred with ST-elevation myocardial infarction: Data from the 
EUROTRANSFER registry. Int J Cardiol 2010; 143: 147 – 153.

26. Herrmann HC, Lu J, Brodie BR, Armstrong PW, Montalescot G, 
Betriu A, et al. Benefit of facilitated percutaneous coronary interven-
tion in high-risk ST-segment elevation myocardial infarction patients 
presenting to nonpercutaneous coronary intervention hospitals. J Am 
Coll Cardiol Cardiovasc Interv 2009; 2: 917 – 924.

27. Ellis SG, Tendera M, de Belder MA, van Boven AJ, Widimsky P, 
Andersen HR, et al. 1-year survival in a randomized trial of facili-
tated reperfusion: Results from the FINESSE (Facilitated Interven-
tion with Enhanced Reperfusion Speed to Stop Events) trial. J Am 
Coll Cardiol Cardiovasc Interv 2009; 2: 909 – 916.

28. De Luca G, Gibson CM, Huber K, Zeymer U, Dudek D, Cutlip D, et 
al. Association between advanced Killip class at presentation and 
impaired myocardial perfusion among patients with ST-segment 
elevation myocardial infarction treated with primary angioplasty and 
adjunctive glycoprotein IIb-IIIa inhibitors. Am Heart J 2009; 158: 
416 – 421.


