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Background: Tirofiban is recommended as bail out therapy in patients with ST-elevation myocardial infarction
(STEMI). However, evidence regarding safety and efficacy of tirofiban is unclear. Tirofiban has been shown to im-
prove ST-resolution, to decrease infarct size (IS) and to reduce incidence of major adverse cardiac and cerebro-
vascular events (MACCE). However, bleeding is enhanced in tirofiban treated patients. In this study, we aim to
investigate efficacy and safety of Tirofiban in STEMI-patients.
Methods: 610 STEMI patients were analyzed. MACCE (death, myocardial infarction [MI], stroke) and TIMI bleed-
ing events were registered during hospital course and 12 month follow-up.
Results: Tirofiban patients were slightly younger (tirofiban 63 ± 13 years vs. control 65 ± 14 years; p = 0.04).
They had higher peak-high-sensitive troponin T [Hs-TnT] (tirofiban 6561 ± 11,065 vs. control 4594 ± 11,200,
p-value = 0.047) and peak-creatine kinase [CK] (tirofiban 2742 ± 5097 vs. control 1416 ± 2160, p-value b

0.0001). Percutaneous coronary intervention (PCI) was more complex in tirofiban treated patients as radiation
time (tirofiban 18 ± 15 vs. control 14 ± 13; p-value = 0.02) and use of contrast agent (tirofiban 240 ± 106 vs.
control 209 ± 99; p-value = 0.01) was higher in tirofiban patients. However, there were no differences in
MACCE (HR 0.877, 95% CI 0.62–1.25, p = 0.47) and bleeding (major: HR 1.494, 95% CI 0.65–3.44, p = 0.34;
minor: HR 1.294, 95% CI 0.67–2.52, p= 0.45).
Conclusion: MACCE and bleeding events were similar. However, PCI was more complex and infarcts larger in
tirofiban treated patients.

© 2018 Published by Elsevier B.V.
Keywords:
Bleeding
GP IIb/IIIa inhibitors
MACCE
Platelet inhibition
STEMI
Tirofiban
1. Introduction

Tirofiban is a nonpeptide tyrosine derivate acting as a reversible
inhibitor of the glycoprotein (GP) IIb/IIIa receptor [1]. The 2009
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infarction (STEMI)-guidelines advised GP IIb/IIIa inhibitors as
comedication next to standard dual antiplatelet therapy [2]. In pa-
tients with acute coronary syndrome undergoing percutaneous cor-
onary intervention (PCI) it has shown to reduce ischemic events [3]
and thrombotic complications [4]. Early treatment with tirofiban in
STEMI patients resulted in better platelet inhibition and in an im-
proved ST-resolution [5]. Moreover, tirofiban has been shown to re-
duce infarct size [6] and to improve clinical outcome by lower
incidence of major adverse cardiac events (MACE) [7]. However, it
has been demonstrated that the reduction of MACE by additional
tirofiban treatment was abolished in a sub analysis after 30 days
[8]. Furthermore, there is evidence for an increased bleeding risk
due to medication with GP IIb/IIIa inhibitors. Tirofiban treatment
has shown to be associated with a higher risk for minor bleeding
[1] andwith a trend to increasemajor bleeding [9]. Patients undergo-
ing elective PCI did not profit from tirofiban treatment and showed
an increase in transfusions and thrombocytopenia compared to pa-
tients with acute coronary syndrome [9]. Therefore, since 2012, GP
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Table 1
End points and bleeding.

Tirofiban
group (N = 218)

Control
group (N = 392)

HR
(95% CI)

p-Value⁎

Primary end point – no. (%)
MACCE (composite of death,

MI, stroke)
56 (25.7%) 100 (25.5%) 0.877 (0.62–1.25) 0.47

Secondary end point – no. (%)
Death 26 (11.9%) 61 (15.6%) 0.732 (0.46–1.15) 0.18
MI 24 (11.1%) 36 (9.1%) 0.986 (0.55–1.77) 0.96
Stroke and TIA 4 (1.8%) 11 (2.8%) 0.524 (0.18–1.56) 0.25

TIMI bleeding
TIMI major bleedinga 11 (5%) 14 (3.6%) 1.494 (0.65–3.44) 0.34
TIMI minor bleedingb 16 (7.3%) 22 (5.6%) 1.294 (0.67–2.52) 0.45

MACCE = major adverse cardiac and cerebrovascular events, MI = myocardial infarction, TIA = transient ischemic attack, TIMI = thrombolysis in myocardial infarction.
⁎ p-Value calculated using the log-rank (Mantel-Cox) test.
a Any intracranial bleeding, fatal bleeding or clinically prominent bleeding with a drop in hemoglobin of ≥5 g/dl.
b Any clinically prominent bleeding with a drop in hemoglobin of 3 to b5 g/dl.
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IIb/IIIa inhibition is only recommended as bail-out therapy and in
cases of high thrombus burden, slow or no-reflow and thrombotic
complications [10]. However real-life data regarding safety and effi-
cacy are lacking. Therefore, in this study we aimed to evaluate the
clinical efficacy and safety of tirofiban.
Fig. 1. Kaplan-Meier curves of tirofiban treated vs. control patients. MACCE (A) and mortality
MACCE: HR = 0.877 [CI 0.62–1.25], p= 0.47; Mortality: HR = 0.732 [CI 0.46–1.15], p = 0.18)
2. Methods

2.1. Study design, patient population and follow-up

A single-center analysis of 610 patients presented with STEMI from 2012 till 2015 at
the Heinrich-Heine University Hospital Düsseldorf, Germany, was performed. Inclusion
(B) did not differ between tirofiban treated and control patients (n = 610, log rank test;
.
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criterionwas presentationwith STEMI at our department. No patientswere excluded. Rea-
sons for tirofiban administration were high thrombotic burden, coronary slow flow or
complex intervention. The individual decision to use tirofibanwas according to the clinical
evaluation of the interventional cardiologist. 12 months follow-up was conducted at our
department during ambulatory care. The study conformed to the Declaration of Helsinki
and was approved by the University of Düsseldorf Ethics Committee.
2.2. Study end points

The primary endpoint was major adverse cardiac and cerebrovascular events
(MACCE). MACCE was defined as previously described [11]. Components of MACCE and
bleeding events (TIMImajor/minor)were the secondary end points [11,12]. Bothwere an-
alyzed during hospitalization and follow-up [13].
2.3. Statistical analysis

Statistical analyses were conducted using IBM SPSS©-Software (New York, USA) and
GraphPad-Prism© statistical software (GraphPad software Inc., San Diego). Hazard ratios
(HR) with 95% confidence interval (CI) and log-rank test were applied. Normally distrib-
uted continues variables were analyzed using the t-test; non-normally distributed vari-
ables using the Mann-Whitney U test. Categorical variables were analyzed using the chi
square test or the Fisher's exact test as appropriate. For multivariate analysis, cox regres-
sion analysis was conducted. p-Values below 0.05 were defined significant.
Fig. 2. Kaplan-Meier curves of tirofiban treated vs. control patients.Myocardial infarction (A) an
rank test; MI: HR = 0.986 [CI 0.55–1.77], p = 0.96; Stroke/TIA: HR = 0.524 [CI 0.18–1.56], p =
3. Results

3.1. Study patients - baseline characteristics

Overall, patients were 64 ± 14 years of age. Patients receiving
tirofiban were on average 63 ± 13 years old. The control group was
slightly older (65± 14 years of age). 75.2% of tirofiban and 71.4% of con-
trol patientsweremale gender. Cardiovascular risk factors such as hyper-
tension, smoking and diabetes mellitus did not differ between groups.
Renal insufficiency and reduced ejection fraction were similar. Peak-
high-sensitive troponin T [Hs-TnT] (6561 ± 11,065 vs. 4594 ± 11,200,
p-value = 0.047) and peak-creatine kinase [CK] (2742 ± 5097 vs.
1416 ± 2160, p-value b 0.0001) were higher in the tirofiban group.
Comedication did not differ between groups. (Supplemental 1, 2).
3.2. Procedural details

Procedural details differed between the two groups. In the
tirofiban group radiation time (tirofiban 18 ± 15 vs. control 14 ±
13; p-value = 0.02) and use of contrast agent (tirofiban 240 ± 106
d Stroke/TIA (B) did not differ between tirofiban treated and control patients (n=610, log
0.25).
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vs. control 209 ± 99; p-value = 0.01) were significantly higher. Tar-
get vessels did not differ between the two groups (Supplemental 3).

3.3. Tirofiban administration

Tirofiban was less frequently used over study period. In 2012 it
was administrated in 40%, in 2013 in 36%, in 2014 in 33% and in
2015 only in 28% of STEMI-patients (Chi2 for trend: p-value =
0.047, Supplemental 4).

3.4. Study end points

MACCE were similar during hospital course and at 1 year follow-up
(tirofiban 56 events [25.7%] vs. control 100 events [25.5%]; HR 0.877,
95% CI 0.62–1.25; log-rank p-value= 0.47, Table 1, Fig. 1A). Comparing
the components of MACCE as secondary endpoint there was no signifi-
cant difference: death (tirofiban 26 [11.9%] vs. control 61 [15.6%]; HR
0.732, 95% CI 0.46–1.15; log-rank p-value = 0.18, Table 1, Fig. 1B), MI
(24 tirofiban [11.1%] vs. 36 control [9.1%]; HR 0.986, 95% CI 0.55–1.77;
log-rank p-value= 0.96, Table 1, Fig. 2A), stroke and transient ischemic
attack (TIA) (4 tirofiban [1.8%] vs. 11 control [2.8%]; HR 0.524, 95% CI
0.18–1.56; log-rank p-value = 0.25, Table 1, Fig. 2B).

TIMI bleeding did not differ between groups (major: tirofiban 11 [5%]
vs. control 14 [3.6%], HR 1.494, 95% CI 0.65–3.44; log-rank p-value=0.34,
Fig. 3. Kaplan-Meier curves of tirofiban treated vs. control patients. Major (A) andminor bleedi
Major bleeding: HR = 1.494 [CI 0.65–3.44], p= 0.34; Minor bleeding: HR= 1.294 [CI 0.67–2.
Table 1, Fig. 3A; minor: tirofiban 16 [7.3%] vs. control 22 [5.6%], HR 1.294,
95% CI 0.67–2.52; log-rank p-value = 0.45, Table 1, Fig. 3B).

Multivariate analysis for MACCE and bleeding events was conducted
for left ventricular (lv) function, cardiovascular risk factors, procedural
details and cardiac enzymes. Lv function, age, male gender and contrast
agent volume were shown to be relevant covariates for the occurrence
of MACCE (lv function: HR 1.35 CI 1.16–1.58, p-value 0.0001; age: HR
1.04 CI 1.01–1.06, p-value 0.0005; male gender HR 2.89 CI 1.55–5.39, p-
value 0.0001; contrast agent volume: HR 1.003 CI 1.001–1.006, p-value
0.02, supplemental 5).

4. Discussion

Themajor findings of this registry analysis were that tirofiban treated
patients had enhanced infarct sizes and a more complex PCI. However,
neither bleeding events nor MACCE differed between both groups.

Several studies have shown a protective effect of tirofiban in terms of
ST-resolution [5], ischemic and thrombotic events [4], infarct size [14]
and clinical outcome [5]. However, other studies did not show any dif-
ferences in clinical outcome after 30 days [8]. Furthermore, infarct size
measured by magnetic resonance imaging did not differ between
tirofiban and control patients [15]. Additionally, tirofiban has been
shown to increase the incidence minor bleeding [1] and a trend to in-
crease the risk of major bleeding [9]. In this analysis, patients with
ng (B) did not differ between tirofiban treated and control patients (n=610, log rank test,
52], p = 0.45).
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additional tirofiban treatment did not show significant differences in
clinical outcome and bleeding rates. However, it should be mentioned
that tirofiban treated patients showed a non-significantly reduced risk
of mortality in this study. This needs further investigation and should
be reevaluated in large scaled clinical trials.

Recommendations for the use of tirofiban have changed. Since 2012,
it is restricted to the use as bail-out therapy [10]. Only in cases of high
thrombotic burden, thrombotic complications and slow- or no-reflow
the use of GP IIb/IIIa seems to be reasonable [16]. This is reflected in
the present analysis. Tirofiban administration decreased during study
period in our center.

In the last years prasugrel and ticagrelor were used as first choice for
adenosine diphosphate receptor blocker therapy in STEMI patients [10].
Data concerning tirofiban efficacy in dependence of P2Y12 inhibitor
subtype is rare. This should be evaluated in further studies.

Moreover, dosing, time of administration and application form
should be considered. It was shown that only high dose-bolus adminis-
tration of tirofiban improved infarct size and segment ST-resolution
[17]. Furthermore, it has been demonstrated that intracoronary admin-
istration was superior to intravenous application [18]. In most of the
studies administration of tirofiban was conducted before PCI [4,5,19].
In our study, tirofiban was administrated as intracoronary high-dose
bolus during PCI followed by an infusion in maintenance dose for 24 h.

This study has several limitations. Especially, sample size was rather
small in this single center analysis. Therefore it was not sufficiently
powered to detect differences in MACCE. Furthermore, this trial was
not randomized and all decisions were left to the treating physician.
However, this resembles a real-world cohort. Moreover, this study
wasdesigned to evaluate clinical endpoints. TIMI or Gensini score for se-
verity of coronary artery disease (CAD) as well as pre- to post-
procedural changes in lv function and electro cardiogram morphology
was not assessed. These parameters might have influenced the results.

Patient characteristics should be consideredwhile interpreting results.
In our study, tirofiban patients were slightly younger, showed enhanced
infarct sizes and received a more complex catheter intervention. Never-
theless, MACCE and bleeding rates did not differ. Multivariate analysis re-
vealed lv function, age and male gender as relevant covariates for the
occurrence of MACCE. This is not surprising, as these are known cardio-
vascular risk factors or clinical manifestations of CAD. However, tirofiban
patientswere slightly younger. Therefore, age shouldbe considered aspo-
tential reason next to tirofibanmedication for the equality in clinical out-
come. Male gender and lv function did not differ between tirofiban and
control patients. Moreover, contrast agent volumewas shown to be asso-
ciated with the occurrence of MACCE but cardiac enzymes as cardiac bio-
markers did not. In our study, tirofiban patients had a more complex PCI
with an enhanced use of contrast agent volume and enhanced infarct
sizes demonstrated by increased cardiac enzymes. Nevertheless, clinical
outcome was equal between groups which underlines a potential thera-
peutic benefit due to tirofiban. However, as non-significant differences,
tirofiban patients showed a trend to increased bleeding risk and to a re-
duction of death. After adjustment for cardiovascular and bleeding risk
factors in the multivariate-analysis, tirofiban medication still showed a
trend towards an increased risk for major bleeding.

In conclusion, therewere nodifferences inMACCE events and bleed-
ing rates in tirofiban treated patients in this study. However, patients
with tirofiban were slightly younger, had enhanced infarct sizes and a
more complex PCI. The results of this pilot study should be reconfirmed
in large scale clinical analysis.
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