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Abstract
Aims: The objective of this study was to analyse the outcomes of patients treated with high-bolus dose 
(HBD) tirofiban compared with abciximab at the time of primary PCI (PPCI) for ST-elevation myocardial 
infarction (STEMI).

Methods and results: Data from two large UK tertiary centres, with differing protocols for glycoprotein 
IIb/IIIa inhibitor use during PPCI, were pooled. Propensity scores were calculated based on important covari-
ates, and HBD tirofiban-treated patients were matched to abciximab-treated controls on a one-to-one basis. 
This resulted in 942 well matched pairs. Survival analysis demonstrated no significant difference in mortal-
ity between HBD tirofiban and abciximab either at 30 days (HBD tirofiban 3.7% vs. abciximab 3.2%; HR 
1.01 [95% CI: 0.92-1.10], p=0.96) or at three years (HBD tirofiban 9.4% vs. abciximab 9.3%; HR 1.15 [95% 
CI: 0.79-1.67], p=0.45). Rates of stent thrombosis at 30 days were also similar (HBD tirofiban 12 [1.3%] vs. 
abciximab 8 [0.8%], p=0.50) but thrombocytopaenia was more common with abciximab (HBD tirofiban 3 
[0.3%] vs. abciximab 17 [1.8%], p=0.001).

Conclusions: In this observational study of adjunctive GP IIb/IIIa inhibitor treatment in PPCI, we found 
no difference in survival between HBD tirofiban-treated patients compared with propensity score-matched 
abciximab-treated controls up to three-year follow-up.
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Introduction
Primary percutaneous coronary intervention (PPCI) has markedly 
improved outcomes in patients presenting with ST-elevation myo-
cardial infarction (STEMI). However, the optimum strategy for 
adjunctive pharmacotherapy in PPCI remains an unresolved issue. 
Several oral and intravenous antiplatelet medications are available, 
alongside antithrombotic agents such as unfractionated heparin and 
bivalirudin. In contemporary practice, glycoprotein (GP) IIb/IIIa 
inhibitors are commonly used in many patients undergoing PPCI1,2. 
Abciximab has been the standard of care in STEMI, with evidence 
demonstrating a reduction in death or recurrent myocardial infarc-
tion (MI) in this setting3. Tirofiban, a non-peptide antagonist of the 
GP IIb/IIIa receptor, is used in some centres in a high-bolus dose 
(HBD) protocol which has recently been approved for use in Europe. 
We aimed to analyse the real-world outcome in patients treated with 
HBD tirofiban compared with abciximab in PPCI. We utilised data 
from two large PPCI units with differing policies on GP IIb/IIIa 
inhibitor pharmacotherapy in PPCI to facilitate this comparison.

Methods
DATA SOURCES, STUDY POPULATION AND CLINICAL 
OUTCOMES
The Golden Jubilee National Hospital (GJNH), Glasgow, Scotland, 
and The James Cook University Hospital (JCUH), Middlesbrough, 
England, are high-volume PPCI centres providing direct admission 
and a 24/7 service for their local populations. The GJNH has pro-
vided a comprehensive regional PPCI service for Glasgow and south-
west Scotland since April 2008 (population 1.6 m). The policy in 
GJNH is to treat patients presenting with STEMI for PPCI with HBD 
tirofiban in the cathlab (25 μg/kg bolus and 0.15 μg/kg/min mainte-
nance infusion for 12 hours). The JCUH has performed PPCI since 
2003, with a comprehensive service extended to Teesside and County 
Durham in August 2008 (population 1.4 m). The policy in JCUH has 
been to administer abciximab in the cathlab (0.25 mg/kg bolus fol-
lowed by a 0.125 mg/kg/min infusion, to a maximum of 10 mg/min, 
over 12 hrs) for STEMI patients treated with PPCI. During this study 
period, both units pre-administered aspirin, and gave weight-adjusted 
unfractionated heparin as adjunctive therapy. Clopidogrel was pre-
administered where possible or was administered immediately after 
PPCI. Radial access was preferred in both centres.

Data are routinely collected for all PCIs performed and are entered 
by a combination of clinical and administrative staff according to 
predefined standardised definitions. The data fields recorded are 
based on the British Cardiovascular Intervention Society minimum 
data set, and are therefore readily comparable between centres. 
Information collected includes demography, comorbidity, clinical 
presentation and procedural details. Both data sets have data avail-
able for mortality through death certification records, providing an 
accurate and consistent outcome measure. Angiographically con-
firmed stent thrombosis within 30 days was established by review 
of repeat procedures. Thrombocytopaenia within seven days of 
treatment, defined as a platelet count <50×109/L, was identified 
through laboratory results.

Patients were included in the original study population if they 
were treated with either HBD tirofiban or abciximab during PPCI 
for STEMI. Those treated for other indications, including rescue 
or facilitated PCI, and those not treated with a glycoprotein IIb/
IIIa inhibitor were excluded. Only index cases were included. Other 
major exclusions were use of eptifibatide, no follow-up information 
available, missing call-to-balloon (CTB) time, and treatment out-
side the 12-hour PPCI window.

VARIABLES AND DEFINITIONS
Hypertension was a binary variable and defined as blood pres-

sure greater than 140/90 mmHg or treatment with antihypertensive 
therapy. Hyperlipidaemia was defined as total cholesterol concen-
tration on admission greater than 5.2 mmol/l or prior treatment with 
a lipid-lowering agent. Diabetes was defined as either type 1 or 
type 2 diabetes mellitus. Call-to-balloon time, maximum balloon 
diameter and maximum stented length were analysed as quartiles. 
Severity of coronary artery disease was defined pre-procedure, and 
coded as left main stem (LMS)/three-vessel, two-vessel (including 
the proximal left anterior descending [LAD] artery), two-vessel and 
single-vessel disease. Multivessel PCI was defined as >1 epicardial 
vessel territory treated during the index procedure (not including 
LMS PCI). LMS PCI during the index procedure was coded sepa-
rately as a binary variable.

STATISTICAL ANALYSIS
Propensity score (PS) matching was used to provide a meaningful 
comparison between the treatment groups. Among the patients who 
fulfilled study criteria, many baseline clinical and demographic 
characteristics varied significantly between HBD tirofiban and 
abciximab-treated patients (Table 1). Propensity scores (the condi-
tional probability)4 for receiving HBD tirofiban rather than abcix-
imab were calculated for each patient using a logistic regression 
(LR) model, with treatment assignment the binary dependent vari-
able. Demographic and clinical covariates were selected a priori for 
entry into the propensity score model if they were thought to influ-
ence outcome (death). Included in the LR model were age, gen-
der, previous MI, previous coronary artery bypass graft (CABG), 
previous PCI, cardiogenic shock, previous cerebrovascular acci-
dent (CVA), diabetes mellitus, renal impairment, hypertension, 
hyperlipidaemia, smoking status, access site, CTB time, severity 
of coronary artery disease, multivessel and multi-lesion PCI, LMS 
PCI, drug-eluting stent (DES) use, target vessel, maximum bal-
loon diameter and maximum stented length. A time-period variable 
(2003-2008, 2009/10, and 2011/12) was included in the model to 
ensure a contemporary match. The inclusion of such a variable is 
designed to avoid bias through advances in treatment over time, 
and through uneven follow-up during survival analysis. The predic-
tive ability of the LR model was assessed using the c-statistic, and 
goodness-of-fit using the Hosmer-Lemeshow test.

Patients were matched using their individual PS on a one-to-
one “nearest neighbour” basis. Abciximab-treated controls were 
included only once (i.e., matched without replacement). A caliper 
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width of 0.25 standard deviations (SD) was predefined to ensure 
close matching of HBD tirofiban patients to abciximab-treated con-
trols, and prevent an illogical match. Patients in either group who 
could not be matched on these criteria were not included in the final 
analysis. Matched populations were assessed for statistical and 
standardised differences between the treatment groups.

Categorical data were compared using the chi-square test 
(unmatched) or McNemar test (matched). Ordinal data were com-
pared using the Mann-Whitney U test (unmatched) or Wilcoxon 
test (matched). Continuous data were compared using the two-sam-
ple t-test (unmatched) or paired two-sample t-test (matched) and 
expressed as mean (SD). The cumulative probability of outcome-free 
survival for HBD tirofiban-treated and abciximab-treated patients 
was determined for death using the Kaplan-Meier product limit esti-
mate from the time of PPCI. Data were censored at the most recently 
available follow-up or at three years. Probability statistics and hazard 
ratios comparing outcome for matched HBD tirofiban and abcixi-
mab groups were derived from Cox proportional regression analy-
ses stratified by matched pairs to account for the non-independence 
of groups, with choice of glycoprotein IIb/IIIa the sole predictor 
variable. A p-value of <0.05 was taken to indicate statistical signifi-
cance. Exploratory subgroup analysis was performed by gender, age, 
diabetes mellitus and access site. The matching algorithm was not 
stratified; therefore, Cox proportional regression survival analyses 
were adjusted for covariates that were unevenly distributed within 
the subgroups. Results are presented at 12 months (unadjusted and 
adjusted). Stent thrombosis at ≤30 days, death or stent thrombosis 
at ≤30 days and thrombocytopaenia within seven days of the index 
procedure are reported. PS analysis was carried out using STATA ver-
sion 9.2 (StataCorp, College Station, TX, USA) while other analy-
ses were performed using IBM SPSS Statistics for Windows, Version 
19.0 (IBM Corp., Armonk, NY, USA).

Results
During the study period, 1,473 STEMI patients were treated with 
HBD tirofiban during PPCI and there was a pool of 2,641 abcixi-
mab-treated controls. Figure 1 outlines the flow of patients through 
the study. Of all patients presenting with STEMI, the majority 
(4,504, 89%) received a GP IIb/IIIa inhibitor. Baseline covariates 
were compared and some clinically important statistical differ-
ences were noted between the pre-PS matched groups (Table 1). 
Following PS matching, 942 pairs of patients (1,884 patients) were 
included in the final analysis. Table 2 demonstrates that PS match-
ing was successful in generating balanced groups with no statis-
tically significant differences in baseline variables. Standardised 
differences were less than 5% for each baseline variable. The c-sta-
tistic for the PS model was 0.82 (0.80-0.83) indicating excellent 
discrimination, and the Hosmer-Lemeshow test was non-significant 
(p=0.295). No significant collinearity was noted among covariates.

PPCI was performed through the radial route in 1,693 patients 
(89.9%) and DES were used in 1,024 patients (54.4%). Prior MI 
was recorded in 220 patients (11.7%) and diabetes mellitus in 224 
(11.9%). Multivessel disease was present in around one third of 

Table 1. Pre-propensity score matching baseline variables.

Tirofiban 
(n=1,473)

Abciximab 
(n=2,641)

p-value

Age (mean±SD) 60.8±12.3 62.8±12.5 <0.001

Male gender, n (%*) 1,033 (70.1%) 1,874 (71.0%) 0.576

Procedure year <0.001

2003-08 87 (5.9%) 1,012 (38.3%)

2009-10 866 (58.8%) 1,009 (38.2%)

2011-12 520 (35.3%) 620 (23.5%)

Previous MI 188 (12.8%) 340 (12.9%) 0.953

Previous CABG 27 (1.8%) 71 (2.7%) 0.088

Previous PCI 111 (7.6%) 208 (7.9%) 0.722

Peripheral vascular disease 80 (5.5%) 100 (3.8%) 0.014

Cardiogenic shock 41 (2.8%) 162 (6.1%) <0.001

Previous CVA 97 (6.6%) 146 (5.6%) 0.188

Diabetes mellitus 170 (11.6%) 308 (11.7%) 0.97

Renal impairment 16 (1.1%) 17 (0.6%) 0.123

Hypertension 607 (41.4%) 1,139 (43.7%) 0.144

High cholesterol 937 (63.9%) 1,811 (68.6%) 0.002

Smoking status <0.001

Current smoker 792 (53.9%) 1,207 (46.1%)

Ex-smoker 260 (17.7%) 871 (33.2%)

Never smoked 417 (28.4%) 542 (20.7%)

Radial access 1,321 (90%) 1,999 (75.8%) <0.001

CTB quartile 0.001

<84 mins 314 (21.3%) 708 (23.6%)

84-102 mins 381 (25.9%) 624 (23.6%)

103-140 mins 362 (24.6%) 696 (26.4%)

>140 mins 416 (28.2%) 613 (23.2%)

Severity coronary disease 0.606

1 VD 956 (64.9%) 1,676 (63.5%)

2 VD 224 (15.2%) 444 (16.8%)

2 VD+proximal LAD 112 (7.6%) 202 (7.6%)

LMS/3 VD 181 (12.3%) 319 (12.1%)

LMS PCI 23 (1.6%) 60 (2.3%) 0.120

Multivessel PCI 73 (5.0%) 101 (3.8%) 0.084

Drug-eluting stent used 649 (44.1%) 1,367 (52.3%) <0.001

Target vessel 0.443

Graft 13 (0.9%) 38 (1.4%)

LAD 567 (38.5%) 1,007 (38.1%)

LCX 224 (15.2%) 393 (14.9%)

LMS 17 (1.2%) 42 (1.6%)

RCA 652 (44.3%) 1,161 (44.0%)

Maximum balloon diameter <0.001

2.75 mm or less 281 (19.7%) 308 (11.7%)

2.76-3.49 mm 459 (32.1%) 623 (23.7%)

3.50-3.99 mm 505 (35.4%) 952 (36.2%)

4.00 mm or greater 183 (12.8%) 747 (28.4%)

Total stented length/maximum balloon length 0.26

18 mm or less 509 (35.7%) 811 (32.5%)

19-24 mm 281 (19.7%) 501 (20.1%)

25-33 mm 298 (20.9%) 568 (22.8%)

34 mm or greater 336 (23.6%) 615 (24.6%)

>2 lesions treated 38 (2.8%) 35 (1.3%) 0.005
*% of valid cases; CABG: coronary artery bypass graft; CTB: call-to-balloon; 
CVA: cerebrovascular accident; LAD; left anterior descending artery; LCX: left circumflex 
artery; LMS: left main stem; MI: myocardial infarction; PCI: percutaneous coronary 
intervention; RCA: right coronary artery; VD: vessel disease.
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patients (658, 34.9%), although multivessel and/or LMS proce-
dures were less common (114, 5.7%). Median follow-up was 704 
days (IQR 336-997 days) and was not different between groups 
(Wilcoxon test p=0.846). During follow-up there were 74 deaths 
in each group.

No difference was observed in the rate of death between HBD 
tirofiban and abciximab-treated cohorts at 30 days following pres-
entation (HBD tirofiban 3.7% versus abciximab 3.2%; hazard 
ratio [HR] 1.01 [95% CI: 0.92-1.10], p=0.96). Kaplan-Meier sur-
vival analysis demonstrated no difference throughout the follow-up 
period, with a similar pattern of events between the two treatment 
arms (Figure 2). Table 3 summarises the rates of mortality at time 
points throughout follow-up. At three years, rates of death were 
9.4% for the HBD tirofiban group and 9.3% for the abciximab 
group; HR 1.15 (95% CI: 0.79-1.67), p=0.45.

Angiographically confirmed stent thrombosis occurred in six 
patients within 24 hours and 20 patients at ≤30 days. There was 
no statistically significant difference between the groups (HBD 
tirofiban 12 [1.3%] vs. abciximab 8 [0.8%], p=0.50, Table 3). 
Stent thrombosis or death at ≤30 days was also not different (HBD 
tirofiban 47 [5.0] vs. abciximab 46 [4.9%], p=1.0).

Thrombocytopaenia following PPCI was recorded in 20 patients 
and was more common in the abciximab group (HBD tirofiban 3 
[0.3%] vs. abciximab 17 [1.8%], p=0.001).

Propensity score-matched cohorts
HBD Tirofiban, n=942

Abciximab, n=942

Excluded GJNH
No GP IIb/IIIa=317
Eptifibatide=14
No CTB/CTB outside PPCI
window, n=61

PPCI at GJNH
during study

period, n=1,853

PPCI at JCUH
during study

period, n=3,251

                                         Excluded JCUH
No GP IIb/IIIa, n=283
Eptifibatide, n=1
No CTB/CTB outside PPCI
window, n=286
No follow-up, n=28

HBD Tirofiban, n=1,403
Abciximab, n=58

HBD Tirofiban, n=70
Abciximab, n=2,583

Pre-propensity score population
HBD Tirofiban, n=1,473

Abciximab controls, n=2,641

Propensity scores generated using
logistic regression, then HBD

tirofiban-treated patients matched
1:1 with nearest abciximab control.

Unmatched patients excluded

Figure 1. Patient flow. Figure shows number of patients treated at 
each centre, reasons for patient exclusion and formation of final study 
cohorts. CTB: call-to-balloon; GJNH: Golden Jubilee National 
Hospital; HBD Tirofiban: high-bolus dose tirofiban; JCUH: The 
James Cook University Hospital; PPCI: primary percutaneous 
coronary intervention

Table 2. Post-propensity score matching baseline variables.

Tirofiban 
(n=942)

Abciximab 
(n=942)

p-value

Age (mean±SD) 61.7±11.9 61.6±12.4 0.875

Male gender, n (%) 661 (70.2%) 663 (70.4%) 0.960

Procedure year 0.419

2003-08 80 (8.5%) 87 (9.2%)

2009-10 543 (57.6%) 548 (58.2%)

2011-12 319 (33.9%) 307 (32.6%)

Previous MI 104 (11.0%) 116 (12.3%) 0.444

Previous CABG 17 (1.8%) 20 (2.1%) 0.743

Previous PCI 70 (7.4%) 68 (7.2%) 0.931

Peripheral vascular disease 37 (3.9%) 40 (4.2%) 0.820

Cardiogenic shock 27 (2.9%) 26 (2.8%) 0.999

Previous CVA 44 (4.7%) 52 (5.5%) 0.470

Diabetes mellitus 112 (11.9%) 112 (11.9%) 1.00

Renal impairment 2 (0.2%) 6 (0.6%) 0.219

Hypertension 395 (41.9%) 370 (39.3%) 0.270

High cholesterol 620 (65.8%) 621 (65.9%) 1.00

Smoking status 0.454

Current smoker 480 (51.0%) 459 (48.7%)

Ex-smoker 224 (23.8%) 233 (24.7%)

Never smoked 238 (25.3%) 250 (26.5%)

Radial access 843 (89.5%) 850 (90.2%) 0.639

CTB quartile 0.485

<84 mins 242 (25.7%) 227 (24.1%)

84-102 mins 248 (26.3%) 262 (27.8%)

103-140 mins 238 (25.3%) 224 (23.8%)

>140 mins 214 (22.7%) 229 (24.3%)

Severity coronary disease 0.197

1 VD 621 (65.9%) 605 (64.2%)

2 VD 148 (15.7%) 141 (15.0%)

2 VD+proximal LAD 73 (7.7%) 80 (8.5%)

LMS/3 VD 100 (10.6%) 116 (12.3%)

LMS PCI 13 (1.4%) 16 (1.7%) 0.711

Multivessel PCI 41 (4.4%) 38 (4.0%) 0.815

Drug-eluting stent used 529 (56.2%) 495 (52.5%) 0.110

Target vessel 0.664

Graft 8 (0.8%) 9 (1%)

LAD 361 (38.3%) 372 (39.5%)

LCX 153 (16.2%) 148 (15.7%)

LMS 11 (1.2%) 13 (1.4%)

RCA 409 (43.4%) 400 (42.5%)

Maximum balloon diameter 0.372

2.75 mm or less 101 (10.7%) 121 (12.8%)

2.76-3.49 mm 277 (29.4%) 275 (29.2%)

3.50-3.99 mm 389 (41.3%) 366 (38.9%)

4.00 mm or greater 175 (18.6%) 180 (19.1%)

Total stented length/maximum balloon length 0.695

18 mm or less 315 (33.4%) 327 (34.7%)

19-24 mm 183 (19.4%) 176 (18.7%)

25-33 mm 220 (23.4%) 220 (23.4%)

34 mm or greater 224 (23.8%) 219 (23.3%)

>2 lesions treated 12 (1.3%) 14 (1.5%) 0.695
CABG: coronary artery bypass graft; CTB: call-to-balloon; CVA: cerebrovascular accident; 
LAD; left anterior descending artery; LCX: left circumflex artery; LMS: left main stem; 
MI: myocardial infarction; PCI: percutaneous coronary intervention; RCA: right coronary 
artery; VD: vessel disease.
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Table 4 summarises subgroup analysis by age, gender, diabetes 
and access site. Patients over 70 years old, patients with diabetes 
mellitus and treated via the femoral artery had higher unadjusted 
mortality, but we found no significant differences in mortality by 
treatment assignment.

1.0

0.8

0.6

0.4

0.2

0.0
0 1 2 3

Follow-up (years)Number
at risk 942 636 410 136
 942 642 427 151

S
ur

vi
va

l

Abciximab
Tirofiban

Figure 2. Survival following primary PCI for tirofiban and 
abciximab propensity score-matched cohorts.

Table 3. Outcomes following PPCI for tirofiban and abciximab 
propensity score-matched cohorts.

Tirofiban Abciximab p
Mortality HR±95% CI*

30 days 3.7% 3.2% 1.01 (0.92-1.10) 0.96

6 months 4.9% 4.2% 1.18 (0.77-1.82) 0.44

1 year 6.1% 5.7% 1.11 (0.74-1.65) 0.62

2 years 8.7% 7.9% 1.18 (0.81-1.71) 0.39

3 years 9.4% 9.3% 1.15 (0.79-1.67) 0.45

Stent 
thrombosis

Overall 12 (1.2%) 8 (0.8%) – 0.50

<24 hours 5 (0.5%) 1 (0.1%) – 0.22

24 hours-30 days 7 (0.7%) 7 (0.7%) – 0.99

*referent to abciximab group.

Table 4. 1-year mortality and adjusted mortality by subgroup.

HBD 
Tirofiban 

(%)

Abciximab 
(%)

Adjusted HR 
(95% CI)*

p

Male 8.1 6.1 1.23 (0.64-2.38) 0.54

Female 5.3 5.5 1.04 (0.64-1.67) 0.89

Age ≤70 2.4 3.4 1.52 (0.79-2.93) 0.21

Age >70 13.6 13.5 1.04 (0.64-1.69) 0.87

No diabetes 5.4 4.6 1.19 (0.77-1.86) 0.44

Diabetes 11.6 13.4 1.45 (0.63-3.33) 0.38

Radial 4.5 5.3 1.22 (0.77-1.93) 0.50

Femoral 13.2 15.8 0.91 (0.43-1.98) 0.38

*adjustment made for covariates distributed with p<0.1.

Discussion
At three-year follow-up in this study of adjunctive glycoprotein IIb/
IIIa inhibitor treatment in PPCI, we found no difference in survival 
between HBD tirofiban-treated patients compared with propen-
sity score-matched abciximab controls. We found no difference in 
acute and subacute stent thrombosis. Significant thrombocytopae-
nia was more common in the abciximab-treated patients. Patients 
in this study were treated via the radial access route in the major-
ity of cases (89.9%). The results of this analysis should be seen in 
the context of the existing evidence on tirofiban, and an evolving 
evidence base in PPCI including other pharmacotherapy and the 
importance of access site.

EXISTING CLINICAL EVIDENCE FOR TIROFIBAN
Tirofiban has some potential advantages over abciximab including 
shorter half-life, lower rates of thrombocytopaenia and lower cost. 
Tirofiban has been studied in multiple randomised controlled tri-
als (RCTs) in various clinical settings; however, interpretation of 
the trial results is challenging owing to the different dosing regi-
mens employed. The TARGET study concluded that, in the con-
text of PCI (urgent and elective), tirofiban was associated with an 
increase in ischaemia-driven endpoints when compared with abcix-
imab (7.6% vs. 6%, HR 1.26, 95% CI: 1.01-1.57, p=0.038)5. This 
was the largest head-to-head comparison of GP IIb/IIIa inhibitors, 
but it used the low-bolus dose tirofiban regimen. Subsequent in vivo 
studies demonstrated inadequate platelet inhibition with this regi-
men5,6, and further RCTs have studied tirofiban in the HBD formu-
lation. In a comprehensive systematic review and meta-analysis, 
Valgimigli et al pooled all available randomised data pertaining to 
tirofiban versus placebo or abciximab. Compared with placebo, 
HBD tirofiban was associated with a reduction in death (HR 0.68, 
95% CI: 0.54-0.86) and combined death/MI (HR 0.69, 95% CI: 
0.58-0.81) at 30 days7. When compared with abciximab, the over-
all results were influenced by the TARGET study. However, in the 
HBD tirofiban versus abciximab subgroup (n=2,213), no signifi-
cant difference in death (odds ratio [OR] 0.73, 95% CI: 0.36-1.47) 
or death/MI (OR 0.87, 95% CI: 0.56-1.35) was observed7.

In the context of PPCI, HBD tirofiban has been studied versus 
placebo in the On-TIME 2 study8,9. Patients were treated at first 
medical contact with HBD tirofiban or placebo (n=1,389). Aspirin, 
high-dose clopidogrel (600 mg) and unfractionated heparin were 
co-administered to all patients. In the combined open-label and 
blinded analysis, the primary endpoint of death, reinfarction and 
urgent TVR within 30 days was lower in the treatment arm (pla-
cebo 8.6% vs. tirofiban 5.8%; OR 0.65, 95% CI: p=0.043) and all-
cause death numerically less common (placebo 4.1% vs. tirofiban 
2.2%, p=0.051), with similar findings at one year (placebo 5.8% 
vs. tirofiban 3.7%; OR 0.63, 95% CI: 0.38-1.06, p=0.08). Major 
bleeding occurred in 2.9% of the control group and 3.4% of the 
tirofiban group (p=0.58). In the MULTISTRATEGY study, HBD 
tirofiban was compared with abciximab in PPCI in a two-by-two 
factorial design also comparing BMS with DES (sirolimus-eluting 
stents): 745 patients were randomised and, overall, no significant 
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difference was noted between abciximab and HBD tirofiban for 
death or MI at three years (12.9% vs. 12.9%, RR 1.00, 95% CI: 
0.67-1.49)10. In keeping with our propensity score-matched cohorts, 
there was no difference in all-cause mortality at three years (7.8% 
vs. 6.7%, HR 1.17, 97.5% CI: 0.68-2.02, p=0.56)10.

Furthermore, in the meta-analysis of small molecule glycoprotein 
IIb/IIIa inhibitors (tirofiban or eptifibatide) versus abciximab in PPCI 
performed by Gurm et al, no difference was noted at 30 days for 
mortality (small molecules 1.9% versus abciximab 2.3%; OR 0.84, 
95% CI: 0.46-1.55, p=0.58) or reinfarction (small molecules 1.3% vs. 
abciximab 1.2%; OR 1.22, 95% CI: 0.51 to 2.91, p=0.69)11. In their 
large observational analysis, Akerblom et al also reported eptifibatide 
to be non-inferior to abciximab in patients undergoing PPCI at one 
year (death or MI 0.94 [95% CI: 0.82 to 1.09])12.

That the current analysis has shown similar results to the (albeit 
small) randomised studies addressing this question suggests an 
internal validity to the findings. Overall event rates were higher in 
our analysis, reflecting the higher-risk populations which can be 
included outside the confines of an RCT. Thus, the current propen-
sity score-matched analysis extends both the number and range of 
patients studied in this setting.

BLEEDING AND ACCESS SITE IN STEMI
Bleeding is a predictor of poor prognosis in acute coronary syn-
dromes13-16. Bivalirudin, a direct thrombin inhibitor, has shown 
promising results in the context of PPCI17,18. HORIZONS-AMI, 
a large open-label RCT, randomised patients to bivalirudin with 
“bail-out” GP IIb/IIIa or heparin and GP IIb/IIIa. Two thirds of 
bivalirudin patients also received heparin, and the GP IIb/IIIa 
inhibitors used were predominantly abciximab or eptifibatide. The 
benefit of bivalirudin could be seen principally in the reduction of 
significant bleeding versus the heparin/GP IIb/IIIa arm (4.9% vs. 
8.3%, p<0.001). It is hypothesised that the reduction in mortality 
also observed in the bivalirudin arms at 30 days (2.1% vs. 3.1%, 
p=0.047) and maintained at three years (5.9% vs. 7.7%, p=0.03) 
was related to this reduction in bleeding. Indeed, in a secondary 
analysis of this study, major bleeding was associated with a signifi-
cantly higher mortality (24.6% vs. 5.4%, p<0.0001) at three years19.

The relative importance of access site, adjunctive pharmacother-
apy and bleeding complications, and the interactions between them, 
are less clear. Currently available data are open to differing inter-
pretations. In HORIZONS-AMI, femoral access was employed in 
94% of cases17. In the RIVAL trial, bleeding and vascular compli-
cations were significantly reduced with radial compared to femoral 
access20. Subgroup analysis also suggested that, in STEMI, a mor-
tality benefit may exist for patients treated by experienced radial 
operators. The subsequent RIFLE-STEACS trial showed a reduc-
tion in access-site bleeding (6.8% vs. 2.6%, p=0.003) and 30-day 
cardiac mortality (9.2% vs. 5.2%, p=0.02) with the use of radial 
versus femoral access in STEMI. Patients were treated predomi-
nantly with a heparin/GP IIb/IIIa inhibitor combination as in our 
study21. In our data set, radial access was employed in 89.9% of 
patients. Data on in-hospital bleeding was not available for both 

cohorts; however, robust information was available for the abcixi-
mab arm in whom significant bleeding (haemorrhagic stroke, GI 
bleed, cardiac tamponade, and requirement for red cell or platelet 
transfusion) was recorded in 2.9% of patients.

More recently, EUROMAX compared bivalirudin monotherapy 
and heparin in 2,218 patients, with GP IIb/IIIa used in 11.6% and 
69.6% of patients, respectively22. A higher proportion of patients was 
treated using radial access than in previous studies (n=1,012, 47%). 
Study medications were commenced at first medical contact, and 
there was an open-label design. Protocol-defined bleeding was less 
common with bivalirudin. The main components of excess bleeding 
were access-site haemorrhage, blood transfusion and asymptomatic 
reductions in haemoglobin. Definite stent thrombosis within 30 days 
was significantly more common with bivalirudin (1.6% vs. 0.5%, 
RR 2.89 [1.14-7.29], p=0.02). The use of prasugrel and ticagrelor in 
almost half of the patients (49.1%) did not mitigate this excess. One 
explanation is that whilst prasugrel, for example, has a rapid and pre-
dictable response in healthy volunteers and stable patients23,24, in the 
acute setting of STEMI (with greater platelet reactivity and poorer 
drug absorption) suboptimal platelet inhibition has been described25. 
Thus, it can be suggested from currently available data that continued 
use of GP IIb/IIIa in radial access PPCI is both safe and merited to 
avoid the complication of early stent thrombosis.

LIMITATIONS AND STRENGTHS
By employing PS matching, we aimed explicitly to remove known 
factors which may introduce bias. To account for the greater number 
of patients treated with abciximab earlier in the study period a time-
period variable was included in the PS. This ensured that patients 
were matched both on baseline characteristics and on when they were 
treated. Available follow-up was thus similar between groups, and the 
influence of temporal changes in practice was therefore minimised.

As with all observational studies, we accept that unobserved con-
founding factors may influence the outcome. In particular, non-car-
diac comorbidity such as malignant disease and dementia are not 
systematically recorded and may not therefore be evenly distributed 
between groups. Systematic differences between hospitals may also 
influence estimates of treatment effect. Nonetheless, the predictive 
ability of the PS model was excellent, and the groups were well 
matched for known baseline variables. Furthermore, such studies 
of routine practice are complementary to RCTs and unrestrained 
by the limitations of recruitment, allowing results to be generalised 
beyond specifically studied populations. Our study had mortality 
data available for comparison but no comprehensive data available 
on bleeding or reinfarction. However, mortality is the most appro-
priate outcome measure in epidemiological outcome studies as it is 
unambiguous and not subject to measurement bias26.

Conclusions
In this study of adjunctive GP IIb/IIIa inhibitor use in STEMI, HBD 
tirofiban was compared with a contemporary propensity score-
matched abciximab cohort. We demonstrated no difference in mor-
tality up to three years of follow-up.
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Impact on daily practice
High-bolus dose tirofiban had equivalent mortality and stent 
thrombosis rates, and lower thrombocytopaenia compared to 
abciximab in this observational study. Propensity score-match-
ing was employed to reduce known bias and the results were 
consistent with the only prior randomised trial assessing this 
question. High-bolus dose tirofiban could be considered as 
a lower cost alternative to the current standard of care, abcixi-
mab, in primary PCI.
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