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Abstract
Aims: In recent years, intracoronary bolus abciximab has emerged as an alternative to the standard intrave-
nous route in patients with ST-elevation myocardial infarction (STEMI) undergoing primary percutaneous 
coronary intervention (PCI). The aim of the current study was to perform an individual patient-level pooled 
analysis of randomised trials, comparing intracoronary versus intravenous abciximab bolus use in STEMI 
patients undergoing primary PCI.

Methods and results: Individual data of 3,158 patients enrolled in five trials were analysed. Reperfusion 
endpoints were: post-procedural Thrombolysis in Myocardial Infarction (TIMI) 3 flow, myocardial blush 
grade (MBG) 2/3 and complete ST-segment resolution. The primary clinical endpoint of interest was the com-
posite of death and reinfarction at 30 days. Compared with the intravenous route, intracoronary abciximab 
bolus administration did not improve TIMI 3 flow (odds ratio [OR] 1.19; 95% confidence interval [CI]: 0.90-
1.59; p=0.23) and complete ST-segment resolution (OR 1.22, 95% CI: 0.92-1.63, p=0.17), but increased 
MBG 2/3 occurrence (OR 1.83, 95% CI: 1.05-3.18, p=0.03). At 30-day follow-up, intracoronary bolus abcix-
imab did not reduce the risk of death and reinfarction (OR 0.78, 95% CI: 0.55-1.10, p=0.16), death (OR 0.77, 
95% CI: 0.51-1.17, p=0.22), reinfarction (OR 0.79, 95% CI: 0.46-1.33, p=0.38) and stent thrombosis (OR 
0.77, 95% CI: 0.43-1.35, p=0.36) as compared with intravenous administration.

Conclusions: In STEMI patients undergoing primary PCI, intracoronary abciximab does not provide addi-
tional benefits as compared with standard intravenous treatment and, therefore, it should not be recommended 
as the default route of administration in this setting.
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Introduction
Primary percutaneous coronary intervention (PCI) represents the 
preferred reperfusion strategy in patients with ST-elevation myocar-
dial infarction (STEMI), because it is more effective than fibrino-
lytic agents in reducing cardiovascular events, including death1. 
Despite successful infarct-related coronary artery flow restoration, 
impaired myocardial reperfusion is frequently observed, resulting 
in a higher infarct extent, reduced ventricular function recovery and 
increased mortality2,3.

Potent antiplatelet inhibition with glycoprotein IIb/IIIa recep-
tor inhibitors represents a well-established adjunctive therapy dur-
ing primary PCI, aiming to improve coronary microcirculation. 
Several randomised trials showed decreased early and late mor-
tality rates in STEMI patients with intravenous administration of 
abciximab, a chimeric monoclonal antibody fragment inhibiting 
the platelet-bound glycoprotein IIb/IIIa receptor4,5. Experimental 
studies suggested additional antiplatelet, antithrombotic and anti-
inflammatory properties when a higher local drug concentration is 
achieved through intracoronary abciximab bolus administration6,7. 
Despite the fact that AHA/ACC guidelines provided a Class IIb 
recommendation for intracoronary abciximab administration in 
patients with STEMI undergoing primary PCI8, randomised trials 
showed mixed results for a variety of surrogate and combined clini-
cal endpoints9-11.

Therefore, to evaluate the impact of different abciximab route 
strategies on reperfusion and clinical outcomes, we planned an indi-
vidual patient-level pooled analysis of randomised trials, compar-
ing intracoronary with intravenous abciximab bolus administration 
in STEMI patients undergoing primary PCI.

Methods
PATIENT POPULATION
We performed a patient-pooled analysis of five randomised clini-
cal trials comparing the intracoronary with the intravenous bolus 
administration of abciximab in patients undergoing primary PCI12-16. 
A summary of the principal trial characteristics is reported in Table 1.

All principal investigators provided individual patient data by 
using an electronic dataset. All data were checked for complete-
ness and consistency and compared with the results of original 
publications.

TRIAL QUALITY ASSESSMENT
The risk of bias was evaluated in accordance with the Cochrane 
Collaboration methods17 and considering the following methodo-
logical items: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of outcome 
assessment, incomplete data outcome, selective reporting, other 
bias and sample size calculation.

ENDPOINTS AND DEFINITIONS
REPERFUSION ENDPOINTS
Post-procedural Thrombolysis in Myocardial Infarction (TIMI) 3 
flow, myocardial blush grade (MBG) 2/3 and complete (>70%) 
ST-segment resolution at 60-90 min were assessed as reperfusion 
endpoints.
CLINICAL ENDPOINTS
The primary clinical endpoint was the composite of death and rein-
farction. Secondary endpoints were the individual endpoints of 
death, reinfarction and stent thrombosis, according to Academic 

Table 1. Main characteristics of included trials.

Trial
Number of 

patients enrolled
Primary endpoint Study design Abciximab doses

Intracoronary abciximab 
administration method

Main exclusion 
criteria

Period of 
enrolment

AIDA STEMI 
(12)

IC (n=1,032) vs. IV 
(n=1,033)

all-cause death, 
reinfarction, new 
congestive heart 
failure at 90 days

Multicentre Bolus (0.25 mg/kg body 
weight) followed by 
12-hour infusion 
(0.125 µg/kg/min)

through the guiding catheter 
after infarct-related artery 
recanalisation by PCI wire 
before balloon dilatation

rescue PCI, 
ischaemic time 
>12 hr

2008-2011

CICERO (13) IC (n=271) vs. IV 
(n=263)

complete 
ST-segment 
resolution

Single-centre Bolus only (0.25 mg/kg 
body weight)

through the guiding catheter 
proximal to the lesion after 
thrombectomy

rescue PCI, 
cardiogenic 
shock, ischaemic 
time >12 hr

2008-2010

Dominguez-
Rodriguez et al 
(14)

IC (n=25) vs. IV 
(n=25)

soluble CD40 
ligand levels

Single-centre Bolus (0.25 mg/kg body 
weight) followed by 
12-hour infusion 
(0.125 µg/kg/min)

through the guiding catheter 
after thrombectomy

rescue PCI, 
cardiogenic 
shock, ischaemic 
time >6 hr

2008

Iversen et al 
(15)

IC (n=185) vs. IV 
(n=170)

death, target vessel 
revascularisation, 
reinfarction at 
30 days

Single-centre Bolus (0.25 mg/kg body 
weight) followed by 
12-hour infusion 
(0.125 µg/kg/min)

through the guiding catheter 
after infarct-related artery 
recanalisation by PCI wire 
before balloon dilatation

ischaemic time 
>12 hr

2006-2008

Thiele et al (16) IC (n=77) vs. IV 
(n=77)

infarct size and 
microvascular 
obstruction at MRI

Single-centre Bolus (0.25 mg/kg body 
weight) followed by 
12-hour infusion 
(0.125 µg/kg/min)

through the guiding catheter 
after infarct-related artery 
recanalisation by PCI wire 
before balloon dilatation

rescue PCI, 
cardiogenic 
shock, ischaemic 
time >12 hr

2006

AIDA STEMI: Abciximab Intracoronary versus intravenously Drug Application in ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus Intravenous 
Abciximab in ST-segment Elevation Myocardial Infarction trial; IC: intracoronary; IV: intravenous; PCI: percutaneous coronary intervention
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Research Consortium criteria18. All clinical endpoints were evalu-
ated at 30-day follow-up and managed according to the intention-
to-treat principle.
STATISTICAL ANALYSIS
Statistical analyses were obtained by using Review Manager 
5.2 (Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2012) and IBM SPSS 20.0 (IBM, Armonk, NY, 
USA). Odds ratio (OR) and 95% confidence intervals (95% CI) were 
used as summary statistics. For study-level analysis, the pooled OR 
was calculated by using the fixed effect Mantel-Hænszel model, 
while in the case of significant heterogeneity across studies the ran-
dom effects DerSimonian and Laird model was used instead. The 
Breslow-Day chi-squared test was calculated to test the statistical 
evidence of heterogeneity across the studies (p<0.1). In addition, 
we used the I2 statistic, which describes the percentage variation 
across studies that is due to heterogeneity rather than chance19.

Survival analyses were performed using the Mantel-Cox method 
stratified by the trial. Survival curves are presented as simple, 
non-stratified Kaplan-Meier curves across all trials. Exploratory 
multivariable analyses were done in order to assess predictors of 
reperfusion indices and primary clinical endpoints by a binary step-
wise logistic regression analysis. The final model included vari-
ables significantly associated at univariate analysis. Statistical 
significance was assumed for p<0.05.
SENSITIVITY ANALYSES
In order to confirm the results from the traditional meta-anal-
ysis, Bayesian random effects meta-analyses were performed 
using WinBUGS software (version 1.4; MRC Biostatistics Unit, 
Cambridge, UK). Details and the code used for the analysis are 
reported in the Online Appendix. The influence of single studies 
on the summary estimates was examined graphically by checking 
how the elimination of each study affected the resulting summary 
estimate of OR.

Results
A total of 3,158 patients were included in this pooled analysis 
(1,590 or 50.43% randomly assigned to intracoronary abciximab 
and 1,568 or 49.7% randomly assigned to intravenous abciximab). 
No significant heterogeneity across trials was observed in the anal-
ysis of reperfusion and clinical endpoints. All five trials were 
assessed as a low to moderate risk for bias. Periprocedural antico-
agulation consisted of intravenous unfractioned heparin, and abcix-
imab bolus was administered through the guiding catheter in all 
patients randomised to the intracoronary route (Table 1). Baseline 
characteristics of the pooled population are reported in Table 2.

REPERFUSION ENDPOINTS
POST-PROCEDURAL TIMI FLOW
Data were available for 3,059 patients. As reported in Figure 1A, 
intracoronary abciximab did not increase the proportion of patients 
achieving post-procedural TIMI 3 flow as compared with intrave-
nous abciximab (87.5% vs. 86.2%, respectively, OR 1.19, 95% CI: 
0.90 to 1.59, p=0.23).

Table 2. Clinical characteristics of the study population.

Intracoronary 
abciximab 
(n=1,590)

Intravenous 
abciximab 
(n=1,568)

p

Age, yrs 62.7±13 62.8±12 0.73

Male, n (%) 1,261 (76.5) 1,179 (37.3) 0.40

Hypertension, n (%) 967 (60.8) 951 (60.7) 0.92

Dyslipidaemia, n (%) 586 (36.9) 607 (38.7) 0.28

Current smoker, n (%) 668 (42) 701 (44.7) 0.13

Diabetes, n (%) 301 (18.9) 283 (18) 0.52

Family CAD history, n (%) 530 (33.3) 494 (31.5) 0.27

Previous MI, n (%) 166 (10.4) 155 (9.9) 0.61

Previous revascularisation, n (%) 172 (10.8) 176 (11.2) 0.71

Time to reperfusion, hr 4.5±5.2 4.4±3.7 0.59

Anterior myocardial infarction, n (%) 734 (46.2) 705 (45) 0.50

Diseased vessel, n (%) 0.34

1 765 (49.3) 743 (48.6)

2 456 (29.4) 427 (27.9)

3 332 (21.4) 359 (23.5)

Infarct-related vessel, n (%) 0.35

No infarct-related artery 0 2 (0.1)

Left anterior descending 689 (44.4) 692 (45.3)

Left circumflex 193 (12.4) 186 (12.2)

Right coronary 658 (42.4) 631 (41.3)

Left main 7 (0.5) 13 (0.9)

Saphenous vein graft 2 (0.1) 5 (0.3)

TIMI flow grade pre-PCI, n (%) 0.03

0 911 (59.2) 911 (60.4)

1 182 (11.8) 220 (14.6)

2 240 (15.6) 201 (13.3)

3 205 (13.3) 176 (11.7)

Continuous variables are shown as mean ± standard deviation. The total numbers of 
patients are different from each other and the overall group because relevant information 
was not available in all cases or was not collected in the relative studies. CAD: coronary 
artery disease; MI: myocardial infarction; PCI: percutaneous coronary intervention

MYOCARDIAL BLUSH
Data were available for 730 patients. As reported in Figure 1B, 
intracoronary abciximab increased MBG 2/3 rates as compared 
with intravenous administration (80.7% vs. 71.8%, respectively, 
OR 1.83, 95% CI: 1.05 to 3.18, p=0.03).
ST-SEGMENT RESOLUTION
Data were available for 2,331 patients. As reported in Figure 1C, 
intracoronary compared with intravenous abciximab did not 
increase the proportion of patients with complete ST-segment reso-
lution after PCI (42.6% vs. 38.8%, respectively, OR 1.22, 95% CI: 
0.92 to 1.63, p=0.17).
CLINICAL ENDPOINTS
At 30-day follow-up, the composite of death and reinfarction 
occurred in a total of 135 patients (4.3%). As reported in Figure 2, 
intracoronary abciximab did not improve the composite of death or 
reinfarction as compared with intravenous abciximab (3.8% vs. 
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A. Post-procedural TIMI 3 flow.
IC Abciximab IV Abciximab Odds ratio Odds ratio 

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
AIDA STEMI 877 990 870 978 43.0% 0.96 (0.73, 1.27)
CICERO 241 270 226 262 21.4% 1.32 (0.79, 2.23)
Dominguez- Rodriguez 22 25 17 25 3.6% 3.45 (0.79, 15.01)
Iversen 149 185 124 170 22.9% 1.54 (0.93, 2.52)
Thiele 65 77 66 77 9.2% 0.90 (0.37, 2.19)
Total (95% CI) 1,547 1,512 100.0% 1.19 (0.90, 1.59)
Total events 1,354 1,303

Heterogeneity: Tau2=0.03; Chi2=5.52, df=4 (p=0.24); I2=28% 0.01 0.1 1 10 100

Test for overall effect: Z=1.21 (p=0.23) IV Abciximab better IC Abciximab better

B. Post-procedural MBG 2/3.
IC Abciximab IV Abciximab Odds ratio Odds ratio 

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
CICERO 201 266 176 260 72.9% 1.48 (1.01, 2.16)
Dominguez- Rodriguez 25 25 22 25 3.3% 7.93 (0.39, 162.07)
Thiele 71 77 62 77 23.9% 2.86 (1.05, 7.83)
Total (95% CI)   368   362 100.0% 1.83 (1.05, 3.18)

1.22 (0.92, 1.63)

Total events 297 260

Heterogeneity: Tau2=0.07; Chi2=2.53, df=2 (p=0.28); I2=21% 0.01 0.1 1 10 100

Test for overall effect: Z=2.13 (p=0.03) IV Abciximab better IC Abciximab better

C. Complete ST-segment resolution.
IC Abciximab IV Abciximab Odds ratio Odds ratio 

Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
AIDA STEMI 274 837 254 802 48.9% 1.05 (0.85, 1.29)
CICERO 161 25l 146 237 31. 7% 1.11 (0.77, 1.61)
Dominguez- Rodriguez 20 25 18 25 4.5% 1.56 (0.42, 5.78)
Thiele 52 77 37 77 14.9% 2.25 (1.17, 4.32)
Total (95% CI) 1,190 1,141 100.0%
Total events 507 455

Heterogeneity: Tau2=0.03; Chi2=4.97, df=3 (p=0.17); I2=40% 0.01 0.1 1 10 100

Test for overall effect: Z=1.36 (p=0.17) IV Abciximab better IC Abciximab better

Figure 1. Analysis of reperfusion endpoints according to bolus abciximab route. (A) Post-procedural TIMI 3 flow; (B) post-procedural MBG 
2/3; (C) complete ST-segment resolution. The squares and the horizontal lines indicate the odds ratio (OR) and the 95% CI for each trial; the 
size of each square is proportional to the statistical weight of a trial in the meta-analysis; diamond indicates the effect estimate derived from 
meta-analysis, with the centre indicating the point estimate and the left and the right ends the 95% CI. AIDA STEMI: Abciximab Intracoronary 
versus intravenously Drug Application in ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus Intravenous 
Abciximab in ST-segment Elevation Myocardial Infarction trial; M-H: Mantel-Hænszel model; IC: intracoronary; IV: intravenous; 
MBG: myocardial blush grade; TIMI: Thrombolysis In Myocardial Infarction

4.8%, respectively, OR 0.78, 95% CI: 0.55 to 1.10, p=0.16). There 
were no substantive differences among subgroups (Figure 3), with 
the exception of diabetic patients in whom intracoronary abciximab 
significantly lowered the risk of death or reinfarction (OR 0.50, 
95% CI: 0.26 to 0.99, p=0.046, p-interaction=0.13).

As shown in Figure 4 and Figure 5, intracoronary abciximab was 
not associated with significant benefits in terms of death (2.5% vs. 
3.2%, intracoronary vs. intravenous abciximab, respectively, OR 
0.77, 95% CI: 0.51 to 1.17, p=0.22) and reinfarction (1.6% vs. 2%, 
intracoronary vs. intravenous abciximab, respectively, OR 0.79, 
95% CI: 0.46 to 1.33, p=0.38).

As reported in Figure 6, early definite or probable stent thrombo-
sis was not significantly different between patients allocated to the 

intracoronary or intravenous arms (1.3% vs. 1.7%, respectively, OR 
0.77, 95% CI: 0.43 to 1.35, p=0.36).
REGRESSION ANALYSIS
Multivariable predictors of reperfusional indices and primary clini-
cal endpoints are listed in the Online Table 1.
SENSITIVITY ANALYSES
Sensitivity analysis performed using a Bayesian random effects 
model showed similar results although post-procedural MBG 2/3 
was not significant (post-procedural TIMI 3 flow: OR 1.21, 95% 
credible interval (CrI): 0.74 to 2.38; post-procedural MBG 2/3: OR 
2.03, 95% CrI: 0.05 to 77.47; complete ST-segment resolution: OR 
1.25, 95% CrI: 0.57 to 3.43; mortality and reinfarction: OR 0.51, 
95% CrI: 0.12 to 1.84; mortality: OR 0.67, 95% CrI: 0.17 to 1.87; 
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Patients at risk
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IV abciximab
IC abciximab

A

B

IC Abciximab IV Abciximab Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
AIDA STEMI 42 1,032 43 1,033 56.6% 0.98 (0.63, 1.51)
CICERO 8 271 10 263 13.5% 0.77 (0.30, 1.98)
Dominguez-Rodriguez 1 25 3 25 4.0% 0.31 (0.03, 3.16)
Iversen 7 185 15 170 20.6% 0.41 (0.16, 1.02)
Thiele 2 77 4 77 5.3% 0.49 (0.09, 2.74)
Total (95% CI) 1,590 1,568 100.0% 0.78 (0.55, 1.10)
Total events 60 75

Heterogeneity: Chi2=3.86, df=4 (p=0.43); I2=0% 0.01 0.1 1 10 100

Test for overall effect: Z=1.42 (p=0.16) IC Abciximab better IV Abciximab better

Figure 2. Analysis of mortality and reinfarction according to bolus abciximab route. A) Odds ratio (OR) of mortality and reinfarction 
associated with intracoronary versus intravenous bolus abciximab administration for individual trials and pooled population. B) Kaplan-
Meier curves of mortality and reinfarction in the pooled population according to bolus abciximab route. AIDA STEMI: Abciximab 
Intracoronary versus intravenously Drug Application in ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus 
Intravenous Abciximab in ST-segment Elevation Myocardial Infarction trial; M-H: Mantel-Hænszel model; IC: intracoronary; 
IV: intravenous; MBG: myocardial blush grade; TIMI: Thrombolysis In Myocardial Infarction

reinfarction: OR 0.62, 95% CrI: 0.13 to 2.73; stent thrombosis: OR 
0.69, 95% CrI: 0.14 to 2.23).

Influence analysis demonstrated that the AIDA STEMI trial neg-
atively influenced post-procedural TIMI 3 flow, the composite of 
death and reinfarction, and death, since its omission resulted in 
a movement of the point estimate outside the 95% CI (Online 
Figure 1 and Online Figure 2).

Discussion
In this study we performed a pooled analysis of five randomised tri-
als comparing intracoronary with intravenous bolus administration 

of abciximab in patients undergoing primary PCI. The main find-
ings are as follows: a) reperfusion endpoints were not significantly 
different among patients receiving intracoronary or intravenous 
abciximab, with the exception of myocardial blush grade; and 
b) intracoronary abciximab compared to the standard intravenous 
route failed to improve clinical outcomes at 30-day follow-up.

The rationale for intracoronary administration of abciximab in 
STEMI patients derives from several experimental observations7. 
Collet et al20 found that abciximab is able to modify clot architec-
ture, and Marciniak et al21 reported that high abciximab concen-
trations could exert a thrombus-dissolving effect through a partial 
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Subgroup IC Abciximab IV Abciximab Odds ratio p-interaction
 Events  Total Events  Total

 0.1 1 10
 IC Abciximab  IV Abciximab
 better  better

Gender
Female 20 374 27 389 0.76 (0.42, 1.38) 0.89
Male 40 1,216 48 1,179 0.80 (0.52, 1.23)
Age
<65 years 15 850 24 848 0.62 (0.32, 1.18) 0.42
≥65 years 45 740 51 720 0.85 (0.56, 1.29]
Diabetes
Yes 14 301 25 283 0.50 (0.26, 0.99) 0.13
No 46 1,289 50 1,285 0.91 (0.61, 1.37)
Time to PCI
<3 hr 14 574 18 578 0.78 (0.38, 1.58) 0.66
≥3 hr 37 768 38 747 0.94 (0.59, 1.50)
Anterior Ml
Yes 34 734 41 705 0.79 (0.49, 1.25) 0.91
No 26 856 34 863 0.76 (0.45, 1.28)
Thrombectomy
Yes 19 499 22 469 0.80 (0.43, 1.51) 0.92
No 41 1,055 53 1,062 0.77 (0.51, 1.17)
Vessel disease
Multivessel 38 788 52 786 0.72 (0.47, 1.10) 0.49
Single-vessel 22 765 23 743 0.93 (0.51, 1.68)
TIMI 0/1 pre PCI
Yes 52 1,093 63 1,131 0.85 (0.58, 1.23) 0.64
No 8 445 10 377 0.67 (0.26, 1.72)
Stent type
BMS 34 876 35 858 0.95 (0.59, 1.54) 0.37
DES 23 589 32 569 0.68 (0.39, 1.18)

Figure 3. Results of subgroup analysis for mortality and reinfarction according to bolus abciximab route. BMS: bare metal stent; DES: 
drug-eluting stent; IC: intracoronary; IV: intravenous; MI: myocardial infarction; PCI: percutaneous coronary intervention; TIMI: 
Thrombolysis In Myocardial Infarction

displacement of platelet-bound fibrinogen. Moreover, the dimin-
ished leukocyte-dependent reperfusion injury shown with abcixi-
mab has also been attributed to its anti-inflammatory properties, 
such as the binding to the vitronectin receptor and the reduced 
expression of the activated MAC-1 receptor on leukocytes22. In 
addition to forming circulating aggregates with leukocytes, platelets 
regulate inflammation by secreting a variety of inflammatory mod-
ulators, including CD40 ligand23. Glycoprotein IIb/IIIa antagonists 
have been reported to inhibit the release of sCD40L and platelet 
aggregation initially in vitro and, later, in clinical studies24. Receptor 
occupancy studies showed that myocardial reperfusion improves 
when fewer platelet glycoprotein IIb/IIIa receptors are available 
for cross-linking with fibrinogen25, and the ICE (Intracoronary 
Eptifibatide) trial26 found that intracoronary bolus administration 
of eptifibatide was superior to standard intravenous treatment in 

achieving a high local platelet glycoprotein IIb/IIIa receptor occu-
pancy. However, Desch et al27 recently demonstrated that, although 
intracoronary abciximab results in more occupied glycoprotein IIb/
IIIa receptors compared with the intravenous route, these effects 
are no longer present 30 minutes after bolus administration. Thus, 
the lack of a persistently higher glycoprotein IIb/IIIa receptor occu-
pancy over time with intracoronary abciximab may account for the 
negative reperfusion and clinical results of this study.

In contrast to this pooled analysis, including the AIDA STEMI 
trial12, the largest randomised study that enrolled 2,065 patients, 
previous meta-analyses9,11,28,29 suggested a mortality reduction 
with intracoronary abciximab administration, but only included 
small or medium-sized single-centre trials powered for surrogate 
endpoints. In this regard, larger intervention effects have been 
observed for single-centre than for multicentre trials30, probably 
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Figure 4. Analysis of mortality according to bolus abciximab route. A) Odds ratio (OR) of mortality associated with intracoronary versus 
intravenous bolus abciximab administration for individual trials and pooled population. B) Kaplan-Meier curves of mortality in the pooled 
population according to bolus abciximab route. AIDA STEMI: Abciximab Intracoronary versus intravenously Drug Application in 
ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus Intravenous Abciximab in ST-segment Elevation 
Myocardial Infarction trial; M-H: Mantel-Hænszel model; IC: intracoronary; IV: intravenous; MBG: myocardial blush grade; TIMI: 
Thrombolysis In Myocardial Infarction

because of small-study effects and higher risk of bias domains, 
such as sequence generation and allocation concealment. The 
larger intervention effect could also be due to different mecha-
nisms for selection of a more homogenous population in single-
centre than in multicentre trials, standardised interventions, and 
greater expertise of teams in single-centre trials31. Accordingly, 
in the AIDA STEMI trial12, the intravenous abciximab group had 
a lower (7.6%) than expected (12%) incidence of the primary end-
point, raising the issue of the enrolment of low-risk patients and 
the lower power of the study. In fact, using trial sequential analy-
sis, a statistical tool for sample size calculation in a meta-anal-
ysis32, only 3,158 (16%) of the heterogeneity adjusted required 
information size of 19,425 patients needed to detect a 20% relative 

risk reduction for death, with an alpha set to 5% and power to 80%, 
were accrued in the current study.

Despite the fact that there was no significant difference between 
intracoronary and intravenous treatments with respect to the pri-
mary endpoint in the overall population, subgroup analysis revealed 
a significant reduction in the occurrence of death and reinfarction 
in diabetic patients (Figure 3). In this high-risk subgroup, intracoro-
nary abciximab was also associated with a trend towards a lower risk 
of death (OR 0.59, 95% CI: 0.28 to 1.23) and early stent thrombo-
sis (OR 0.32, 95% CI: 0.10 to 1.05). In this regard, De Luca et al10 
reported a meta-regression analysis showing a significant relation-
ship between a patient’s risk profile and mortality benefits from intra-
coronary abciximab administration.
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Figure 5. Analysis of reinfarction according to bolus abciximab route. A) Odds ratio (OR) of reinfarction associated with intracoronary versus 
intravenous bolus abciximab administration for individual trials and pooled population. B) Kaplan-Meier curves of reinfarction in the pooled 
population according to bolus abciximab route. AIDA STEMI: Abciximab Intracoronary versus intravenously Drug Application in 
ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus Intravenous Abciximab in ST-segment Elevation 
Myocardial Infarction trial; M-H: Mantel-Hænszel model; IC: intracoronary; IV: intravenous; MBG: myocardial blush grade; 
TIMI: Thrombolysis In Myocardial Infarction

Several reasons may account for the unexpected discrepancy 
between myocardial reperfusion as assessed by complete ST-segment 
resolution and MBG 2/313. MBG reflects the mechanical patency of 
the microvasculature and is assessed directly after PCI, while 
ST-segment resolution may reflect the functional status of myocardial 
cells and is assessed at 60 to 90 minutes after PCI. Thus, the beneficial 
effects of intracoronary reperfusion immediately after PCI, as mir-
rored by MBG, may not be present later when ST-segment resolution 
is evaluated. Consistent with this, the AIDA STEMI cardiac magnetic 
resonance substudy33 found no difference in infarct size, myocardial 
salvage, left ventricular function and extent of reperfusion injury in 
patients randomised to intracoronary abciximab. These findings are 
consistent with recent receptor occupancy data27.

Limitations
This study presents several limitations. First, this pooled analysis 
provided clinical follow-up at 30 days. Thus, long-term follow-up 
data are required, although it is unlikely that an improvement in 
late clinical outcomes of patients receiving intracoronary bolus 
abciximab will be observed. Second, among included studies, 
only the AIDA STEMI trial12 was adequately powered to evaluate 
the effects of intracoronary abciximab on clinical endpoints, con-
tributing to about 65% of our study population. Third, all included 
trials administered the intracoronary bolus abciximab through the 
guiding catheter. In this regard, the INFUSE-AMI trial34 found 
that infarct size at 30 days was significantly reduced by intracoro-
nary bolus abciximab delivered to the infarct lesion site via a rapid 
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Figure 6. Analysis of stent thrombosis according to bolus abciximab route. A) Odds ratio (OR) of stent thrombosis associated with 
intracoronary versus intravenous bolus abciximab administration for individual trials and pooled population. B) Kaplan-Meier curves of stent 
thrombosis in the pooled population according to bolus abciximab route. AIDA STEMI: Abciximab Intracoronary versus intravenously Drug 
Application in ST-elevation myocardial infarction; CICERO: Comparison of Intracoronary Versus Intravenous Abciximab in ST-segment 
Elevation Myocardial Infarction trial; M-H: Mantel-Hænszel model; IC: intracoronary; IV: intravenous; MBG: myocardial blush grade; 
TIMI: Thrombolysis In Myocardial Infarction

exchange therapeutic infusion balloon catheter. However, this 
trial compared intracoronary abciximab to placebo. Fourth, we 
did not systematically collect in our database bleeding events 
occurring throughout 30-day follow-up. Nonetheless, no signifi-
cant difference in terms of major or minor bleedings was reported 
among included studies.

Conclusion
In conclusion, this pooled analysis did not find a superiority of 
intracoronary compared to intravenous bolus abciximab adminis-
tration in patients with STEMI undergoing primary PCI.

Impact on daily practice
The optimal administration route of abciximab in patients with 
STEMI undergoing primary PCI is still controversial. In this 
pooled analysis of 3,158 STEMI patients enrolled in five ran-
domised trials, intracoronary abciximab administered through 
the guiding catheter was not superior to the standard intrave-
nous route at 30 days. Therefore, standard intravenous abcixi-
mab bolus should remain the preferred administration route in 
these patients.



1119

Intracoronary vs. intravenous abciximab in primary PCI
EuroIntervention 2

0
1

4
;9

:1110-1120

Conflict of interest statement
H. Thiele received an unrestricted research grant and minor speaker 
honoraria from Lilly, Germany. The other authors have no conflicts 
of interest to declare.

References
 1. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus 
intravenous thrombolytic therapy for acute myocardial infarction: 
a quantitative review of 23 randomised trials. Lancet. 2003;361: 
13-20.
 2. Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M, 
Byrne RA, Pache J, Alger P, Mehilli J, Schomig A, Kastrati A. 
5-year prognostic value of no-reflow phenomenon after percutane-
ous coronary intervention in patients with acute myocardial infarc-
tion. J Am Coll Cardiol. 2010;55:2383-9.
 3. Galasso G, Schiekofer S, D’Anna C, Di Gioia G, Piccolo R, 
Niglio T, De Rosa R, Strisciuglio T, Cirillo P, Piscione F, Trimarco B. 
No-reflow phenomenon: pathophysiology, diagnosis, prevention 
and treatment. A review of the current literature and future perspec-
tives. Angiology. 2013 Jan 29. [Epub ahead of print].
 4. Montalescot G, Antoniucci D, Kastrati A, Neumann FJ, 
Borentain M, Migliorini A, Boutron C, Collet JP, Vicaut E. 
Abciximab in primary coronary stenting of ST-elevation myocar-
dial infarction: a European meta-analysis on individual patients’ 
data with long-term follow-up. Eur Heart J. 2007;28:443-9.
 5. De Luca G, Suryapranata H, Stone GW, Antoniucci D, 
Tcheng JE, Neumann FJ, Van de Werf F, Antman EM, Topol EJ. 
Abciximab as adjunctive therapy to reperfusion in acute ST-segment 
elevation myocardial infarction: a meta-analysis of randomized tri-
als. JAMA. 2005;293:1759-65.
 6. Iversen A, Galatius S, Jensen JS. The optimal route of admin-
istration of the glycoprotein IIb/IIIa receptor antagonist abciximab 
during percutaneous coronary intervention; intravenous versus 
intracoronary. Curr Cardiol Rev. 2008;4:293-9.
 7. Romagnoli E, Burzotta F, Trani C, Biondi-Zoccai GG, 
Giannico F, Crea F. Rationale for intracoronary administration of 
abciximab. J Thromb Thrombolysis. 2007;23:57-63.
 8. O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, 
Chung MK, de Lemos JA, Ettinger SM, Fang JC, Fesmire FM, 
Franklin BA, Granger CB, Krumholz HM, Linderbaum JA, 
Morrow DA, Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-
Holland JE, Tommaso CL, Tracy CM, Woo YJ, Zhao DX. 2013 
ACCF/AHA guideline for the management of ST-elevation myo-
cardial infarction: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines. Circulation. 2013;127:e362-425.
 9. Shimada YJ, Nakra NC, Fox JT, Kanei Y. Meta-analysis of 
prospective randomized controlled trials comparing intracoronary 
versus intravenous abciximab in patients with ST-elevation myo-
cardial infarction undergoing primary percutaneous coronary inter-
vention. Am J Cardiol. 2012;109:624-8.
 10. De Luca G, Verdoia M, Suryapranata H. Benefits from intra-
coronary as compared to intravenous abciximab administration for 

STEMI patients undergoing primary angioplasty: a meta-analysis 
of 8 randomized trials. Atherosclerosis. 2012;222:426-33.
 11. Hansen PR, Iversen A, Abdulla J. Improved clinical out-
comes with intracoronary compared to intravenous abciximab in 
patients with acute coronary syndromes undergoing percutaneous 
coronary intervention: a systematic review and meta-analysis. 
J Invasive Cardiol. 2010;22:278-82.
 12. Thiele H, Wohrle J, Hambrecht R, Rittger H, Birkemeyer R, 
Lauer B, Neuhaus P, Brosteanu O, Sick P, Wiemer M, Kerber S, 
Kleinertz K, Eitel I, Desch S, Schuler G. Intracoronary versus 
intravenous bolus abciximab during primary percutaneous coro-
nary intervention in patients with acute ST-elevation myocardial 
infarction: a randomised trial. Lancet. 2012;379:923-31.
 13. Gu YL, Kampinga MA, Wieringa WG, Fokkema ML, 
Nijsten MW, Hillege HL, van den Heuvel AF, Tan ES, Pundziute G, 
van der Werf R, Hoseyni Guyomi S, van der Horst IC, Zijlstra F, de 
Smet BJ. Intracoronary versus intravenous administration of 
abciximab in patients with ST-segment elevation myocardial 
infarction undergoing primary percutaneous coronary intervention 
with thrombus aspiration: the comparison of intracoronary versus 
intravenous abciximab administration during emergency reperfu-
sion of ST-segment elevation myocardial infarction (CICERO) 
trial. Circulation. 2010;122:2709-17.
 14. Dominguez-Rodriguez A, Abreu-Gonzalez P, Avanzas P, Bosa-
Ojeda F, Samimi-Fard S, Marrero-Rodriguez F, Kaski JC. Intracoronary 
versus intravenous abciximab administration in patients with 
ST-elevation myocardial infarction undergoing thrombus aspiration 
during primary percutaneous coronary intervention--effects on soluble 
CD40 ligand concentrations. Atherosclerosis. 2009;206:523-7.
 15. Iversen A, Abildgaard U, Galloe A, Hansen PR, Galatius S, 
Madsen JK, Engstroem T, Pedersen S, Jensen KS, Jensen JS. 
Intracoronary compared to intravenous bolus abciximab during 
primary percutaneous coronary intervention in ST-segment eleva-
tion myocardial infarction (STEMI) patients reduces 30-day mor-
tality and target vessel revascularization: a randomized trial. 
J Interv Cardiol. 2011;24:105-11.
 16. Thiele H, Schindler K, Friedenberger J, Eitel I, Furnau G, 
Grebe E, Erbs S, Linke A, Mobius-Winkler S, Kivelitz D, Schuler G. 
Intracoronary compared with intravenous bolus abciximab appli-
cation in patients with ST-elevation myocardial infarction under-
going primary percutaneous coronary intervention: the randomized 
Leipzig immediate percutaneous coronary intervention abcixi-
mab IV versus IC in ST-elevation myocardial infarction trial. 
Circulation. 2008;118:49-57.
 17. Higgins JP, Green S. Cochrane handbook for systematic 
reviews of interventions. Chichester: Wiley; 2011.
 18. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van 
Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E, 
Lansky A, Hamon M, Krucoff MW, Serruys PW. Clinical end 
points in coronary stent trials: a case for standardized definitions. 
Circulation. 2007;115:2344-51.
 19. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327:557-60.



     

1120

EuroIntervention 2
0

1
4

;9
:1110-1120

 20. Collet JP, Montalescot G, Lesty C, Mishal Z, Soria J, Choussat R, 
Drobinski G, Soria C, Pinton P, Barragan P, Thomas D. Effects of 
abciximab on the architecture of platelet-rich clots in patients with 
acute myocardial infarction undergoing primary coronary interven-
tion. Circulation. 2001;103:2328-31.
 21. Marciniak SJ Jr, Mascelli MA, Furman MI, Michelson AD, 
Jakubowski JA, Jordan RE, Marchese PJ, Frelinger AL. An addi-
tional mechanism of action of abciximab: dispersal of newly formed 
platelet aggregates. Thromb Haemost. 2002;87:1020-5.
 22. Neumann FJ, Zohlnhofer D, Fakhoury L, Ott I, Gawaz M, 
Schomig A. Effect of glycoprotein IIb/IIIa receptor blockade on 
platelet-leukocyte interaction and surface expression of the leukocyte 
integrin Mac-1 in acute myocardial infarction. J Am Coll Cardiol. 
1999;34:1420-6.
 23. Furman MI, Krueger LA, Linden MD, Fox ML, Ball SP, 
Barnard MR, Frelinger AL 3rd, Michelson AD. GPIIb-IIIa antago-
nists reduce thromboinflammatory processes in patients with acute 
coronary syndromes undergoing percutaneous coronary intervention. 
J Thromb Haemost. 2005;3:312-20.
 24. Eitel I, Desch S, Schindler K, Fuernau G, Schuler G, Thiele H. 
Aborted myocardial infarction in intracoronary compared with stand-
ard intravenous abciximab administration in patients undergoing 
primary percutaneous coronary intervention for ST-elevation myo-
cardial infarction. Int J Cardiol. 2011;153:21-5.
 25. Gibson CM, Jennings LK, Murphy SA, Lorenz DP, 
Giugliano RP, Harrington RA, Cholera S, Krishnan R, Califf RM, 
Braunwald E. Association between platelet receptor occupancy 
after eptifibatide (integrilin) therapy and patency, myocardial perfu-
sion, and ST-segment resolution among patients with ST-segment-
elevation myocardial infarction: an INTEGRITI (Integrilin and 
Tenecteplase in Acute Myocardial Infarction) substudy. Circulation. 
2004;110:679-84.
 26. Deibele AJ, Jennings LK, Tcheng JE, Neva C, Earhart AD, 
Gibson CM. Intracoronary eptifibatide bolus administration during 
percutaneous coronary revascularization for acute coronary syn-
dromes with evaluation of platelet glycoprotein IIb/IIIa receptor 
occupancy and platelet function: the Intracoronary Eptifibatide (ICE) 
trial. Circulation. 2010;121:784-91.
 27. Desch S, Siegemund A, Scholz U, Adam N, Eitel I, de Waha S, 
Furnau G, Lurz P, Wetzel S, Schuler G, Thiele H. Platelet inhibition 
and GP IIb/IIIa receptor occupancy by intracoronary versus intrave-
nous bolus administration of abciximab in patients with ST-elevation 
myocardial infarction. Clin Res Cardiol. 2012;101:117-24.
 28. De Rosa S, Caiazzo G, Torella D, Indolfi C. Intracoronary 
abciximab reduces death and major adverse cardiovascular events 

in acute coronary syndromes: a meta-analysis of clinical trials. Int J 
Cardiol. 2013;168:1298-305.
 29. Navarese EP, Kozinski M, Obonska K, Margheri M, Gurbel PA, 
Kubica J, De Luca G. Clinical efficacy and safety of intracoronary vs. 
intravenous abciximab administration in STEMI patients undergoing 
primary percutaneous coronary intervention: a meta-analysis of ran-
domized trials. Platelets. 2012;23:274-81.
 30. Dechartres A, Boutron I, Trinquart L, Charles P, Ravaud P. 
Single-center trials show larger treatment effects than multicenter 
trials: evidence from a meta-epidemiologic study. Ann Intern Med. 
2011;155:39-51.
 31. Bafeta A, Dechartres A, Trinquart L, Yavchitz A, Boutron I, 
Ravaud P. Impact of single centre status on estimates of interven-
tion effects in trials with continuous outcomes: meta-epidemiological 
study. BMJ. 2012;344:e813.
 32. Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently con-
clusive meta-analyses may be inconclusive - trial sequential analysis 
adjustment of random error risk due to repetitive testing of accumu-
lating data in apparently conclusive neonatal meta-analyses. Int J 
Epidemiol. 2009;38:287-98.
 33. Eitel I, Wohrle J, Suenkel H, Meissner J, Kerber S, Lauer B, 
Pauschinger M, Birkemeyer R, Axthelm C, Zimmermann R, 
Neuhaus P, Brosteanu O, de Waha S, Desch S, Gutberlet M, 
Schuler G, Thiele H. Intracoronary compared with intravenous 
bolus abciximab application during primary percutaneous coronary 
intervention in ST-segment elevation myocardial infarction: cardiac 
magnetic resonance substudy of the AIDA STEMI trial. J Am Coll 
Cardiol. 2013;61:1447-54.
 34. Stone GW, Maehara A, Witzenbichler B, Godlewski J, 
Parise H, Dambrink JH, Ochala A, Carlton TW, Cristea E, Wolff SD, 
Brener SJ, Chowdhary S, El-Omar M, Neunteufl T, Metzger DC, 
Karwoski T, Dizon JM, Mehran R, Gibson CM. Intracoronary 
abciximab and aspiration thrombectomy in patients with large 
anterior myocardial infarction: the INFUSE-AMI randomized 
trial. JAMA. 2012;307:1817-26.

Online data supplement
Online Appendix. WinBUGS code for Bayesian random effects 
meta-analyses.
Online Figure 1. Influence analysis for post-procedural TIMI 3 flow, 
myocardial blush grade 2/3, and complete ST-segment resolution.
Online Figure 2. Influence analysis for the composite of death/rein-
farction, death, reinfarction, and stent thrombosis.
Online Table 1. Multivariate predictors of reperfusion and clinical 
outcomes.
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Online data supplement
Online Appendix. WinBUGS code for Bayesian 
random effects meta-analyses.
Minimally informative prior distributions were used. Thus, the 
findings and interpretation are close to those obtained with frequen-
tist methods. The first 10,000 iterations were discarded and results 
were reported as the posterior median OR with 95% credible inter-
vals (CrI) on the basis of a further 100,000 iterations.

Model
{
for (i in 1:Nstud)
{
P[i] <- 1/V[i]
Y[i] ~ dnorm(delta[i], P[i])
delta[i] ~ dnorm(d, prec)
}
d ~ dnorm(0, 1.0E-5)
OR <- exp(d)
tau~dunif(0,10)
tau.sq<-tau*tau
prec<-1/(tau.sq)
}
Data (expressed as natural logarithm of OR and variance of OR)
Initial Values
list(d=0, tau =1, delta=c(0,0,0,0,0,0,0))

Online Figure 1. Influence analysis for post-procedural TIMI 3 flow 
(A), myocardial blush grade 2/3 (B), and complete ST-segment 
resolution (C).
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Online Table 1. Multivariate predictors of reperfusion and clinical 
outcomes.

OR 95% CI p

Post-procedural TIMI flow grade 3

Pre-procedural TIMI flow grade 3 24.2 7.7-76.3 <0.001

Age (per 1-year increase) 0.97 0.96-0.98 <0.001

Diabetes 0.57 0.43-0.76 <0.001

Time to reperfusion (per 1-hour increase) 0.97 0.95-0.99 0.005

MBG 2/3

Pre-procedural TIMI flow grade 3 5.9 2.77-12.6 <0.001

Time to reperfusion (per 1-hour increase) 0.83 0.78-0.89 <0.001

Anterior MI 0.22 0.14-0.34 <0.001

3-vessel disease 0.40 0.25-0.66 <0.001

Randomisation to intracoronary 
abciximab

1.65 1.11-2.44 0.01

Complete ST-segment resolution

Pre-procedural TIMI flow grade 3 2 1.54-2.6 <0.001

Anterior MI 0.55 0.46-0.65 <0.001

Thrombectomy 1.84 1.54-2.21 <0.001

Time to reperfusion (per 1-hour increase) 0.97 0.94-0.99 0.03

Diabetes 0.79 0.63-0.99 0.04

Primary clinical endpoint (death/reinfarction)

Age (per 1-year increase) 1.06 1.04-1.08 <0.001

3-vessel disease 2.1 1.3-3.4 0.001

Pre-procedural TIMI flow grade 3 0.25 0.1-0.63 0.003

Anterior MI 1.56 1.04-2.34 0.03

CI: confidence intervals; MBG: myocardial blush grade; MI: myocardial infarction; OR: odds 
ratio; TIMI: Thrombolysis In Myocardial Infarction. Univariate predictors of post-procedural 
TIMI flow grade 3: age, time to reperfusion, diabetes, smoker status, family history of 
coronary artery disease, pre-procedural TIMI flow grade. Univariate predictors of MBG 2/3: 
age, time to reperfusion, current smoker, anterior myocardial infarction, number of 
diseased vessels, pre-procedural TIMI flow grade, thrombectomy, randomisation to 
intracoronary abciximab. Univariate predictors of complete ST-segment resolution: time to 
reperfusion, diabetes, current smoker, family history of coronary artery disease, anterior 
myocardial infarction, pre-procedural TIMI flow grade, thrombectomy. Univariate predictors 
of primary clinical endpoint: age, time to reperfusion, gender, diabetes, hypertension, 
current smoker, previous MI, anterior MI, number of diseased vessels, pre-procedural TIMI 
flow grade.

Online Figure 2. Influence analysis for the composite of death/
reinfarction (A), death (B), reinfarction (C), and stent thrombosis (D).


