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Background: Primary percutaneous coronary intervention (PCI) is more effective than fibrinolytic therapy for
ST-segment elevation myocardial infarction (STEMI), but initial treatment delay to intervention is the main
limitation of this strategy. Hypothesis: Upstream use of high-dose tirofiban could reduce myocardial infarct
size, using analysis of contrast-enhanced magnetic resonance imaging (CE-MRI).
Methods: Patients with STEMI within 12 hours after symptom onset were randomized to a facilitated PCI group
(n = 19) or to a primary PCI group (n = 20). The primary endpoint was myocardial infarct size evaluated by the
volume of delayed hyperenhancement on CE-MRI at 1 month after index procedure.
Results: The baseline clinical characteristics were not significantly different between the 2 groups. Although
the incidence of pre-PCI thrombolysis in myocardial infarction (TIMI) flow grade 2 to 3 was significantly higher
in the facilitated PCI group than in the primary PCI group (47.4% vs 15.0%, P = 0.03), the achievement of
myocardial blush grade 2 to 3 or ST-segment resolution at 30 minutes after procedure was not significantly
different between the facilitated PCI and the primary PCI group (36.8% vs 40%, P = .84 and 31.6% vs 20%,
P = 0.41, respectively). Infarct size on CE-MRI was similar in the facilitated PCI group and the conventional
primary PCI group (22.1% ± 11.7% vs 25.2% ± 13.2%, P = 0.44). At 6 months, the left ventricular ejection
fraction (LVEF) on echocardiography was 52.6% ± 10.4% in the facilitated PCI group and 50.9% ± 9.8% in the
primary PCI group (P = 0.68).
Conclusion: Despite the improvement of initial TIMI flow grade, the upstream use of high-dose tirofiban did
not reduce myocardial infarct size measured by CE-MRI.

Tirofiban is a small nonpeptide glycoprotein (GP)
IIb/IIIa inhibitor that has some advantages over abciximab
regarding cost and bleeding complications.1 However,
the efficacy of adjunctive administration of tirofiban is
controversial in patients undergoing primary percutaneous
coronary intervention (PCI).2 These inconsistent results
may result partly from different dosage and timing of
administration. A conventional dose of tirofiban showed
suboptimal periprocedural platelet inhibition in patients
with ST-segment elevation myocardial infarction (STEMI).3

Several recent clinical studies demonstrated that the
use of high-dose bolus tirofiban is safe and improves
angiographic and clinical outcomes in patients undergoing
high risk PCI.4 The timing of administration of GP IIb/IIIa
inhibitors is also an issue. Recent meta-analysis showed that
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early administration of GP IIb/IIIa inhibitors in STEMI
appeared to improve coronary patency with favorable
trends for clinical outcomes.5 However, the impact of early
administration of high-dose tirofiban has not yet been
fully elucidated in patients undergoing primary PCI for
STEMI.

Contrast-enhanced magnetic resonance imaging (CE-
MRI) can assess myocardial infarct size with high spatial
resolution and excellent reproducibility.6 Using infarct size
measurement as a surrogate endpoint allows a much smaller
sample size because of its known prognostic value.7 In
this prospective, randomized pilot study, we evaluated
the impact of upstream high-dose tirofiban on myocardial
infarct size measured by CE-MRI in patients undergoing
primary PCI.

Methods
Study Patients and Protocol

Patients undergoing primary PCI for STEMI were prospec-
tively enrolled in this study. Inclusion criteria were: (1) the
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Clinical Investigations continued

presence of chest pain for more than 30 minutes, but less
than 12 hours after symptom onset; (2) ST-segment ele-
vation more than 1 mm in 2 or more contiguous leads.
Exclusion criteria were: (1) cardiogenic shock (systolic
blood pressure < 80 mm Hg over 30 minutes or need
for intravenous pressors or intra-aortic balloon pump);
(2) previous myocardial infarction; (3) history of bleed-
ing diathesis; (4) the use of GP IIb/IIIa inhibitors within
24 hours.

The study protocol was approved by the institutional
review board at Samsung Medical Center, and informed
written consent of patients was obtained before study
initiation. Patients were randomly assigned to conventional
primary PCI or to PCI preceded by the administration
of high-dose bolus tirofiban (25µ g/kg bolus) followed
by maintenance infusion of 0.15µ g/kg/min for 24 hours
according to computer-based 1:1 randomization scheme in
the emergency room. Because infarct location is a major
determinant of infarct size, the randomization was stratified
according to whether the patients had anterior or non-
anterior MI. In addition to study medication, all patients
received dual oral antiplatelet agents with aspirin 300 mg
and clopidogrel 600 mg before PCI. Unfractionated heparin
(70 units/kg) was administered intravenously before PCI,
and the active clotting time was maintained at more than
300 seconds during the procedure.

Data Collection

Twelve-lead electrocardiograms (ECGs) were obtained
before and at 30 and 90 minutes after the procedure. The
total ST-segment elevation was measured manually from
leads exploring the infarct area as described previously.8

The ST-segment recovery was determined by comparing
ECGs recorded at prespecified time points after the
procedure with ECGs obtained before PCI. ST-segment
resolution was defined as a decrease in ST-segment
elevation >70%. Creatine kinase (CK), its MB fraction (CK-
MB), and cardiac specific troponin I were measured before
and at 8, 16, 24, 36, and 48 hours after the procedure. The
thrombolysis in myocardial infarction (TIMI) flow grade
and myocardial blush grade (MBG) were evaluated off-line
in the angiographic core laboratory by 2 blinded observers,
as described previously.9

Magnetic Resonance Imaging Protocol and Data Analysis

CE-MRI was performed at 1 month after the index proce-
dure, as described previously.10,11 A 1.5 Tesla magnetic
MRI scanner (Signa CV/i, GE Healthcare, Chalfont St.
Giles, UK) with a phased array cardiac coil was used.
Cine MRI images were obtained using a Fast Imaging
Employing Steady State Acquisition (FIESTA) system (GE
Healthcare, Chalfont St. Giles, UK). For the MRI perfusion
study, a dose of 0.15 mmol/kg body weight gadolinium-
diethylenetriamine pentaacetic acid (Gd-DTPA; Magnevist,

Schering, Berlin, Germany) was injected intravenously at
a rate of 3 mL/sec after the cine MRI. A total of 6 to 7
slices were obtained at steady state to cover the whole left
ventricle (LV) myocardium in a short axis view for perfusion
imaging. A myocardial perfusion defect was defined visually
as an area showing less or no signal enhancement of the
myocardium after bolus injection on T1-weighted images
of the first-pass MRI, and as indicative of the ischemic
region. Delayed hyperenhancement was evaluated at 10 to
15 minutes after Gd-DTPA administration in contiguous 10
to 12 slices of 10 mm thickness (6 mm short axis slices with
4 mm gap) by use of an inversion recovery fast-gradient
echo sequence, as indicative of the infarcted region.12

An experienced radiologist who was blinded to the
clinical information analyzed the CE-MRI. The endocardial
and epicardial borders were also planimetred to calculate
myocardial area and summated in the same manner to
calculate LV myocardial volume. The borders of the area
with delayed hyperenhancement and the perfusion defect
area were traced by planimetry to calculate the volume of
the infarct and perfusion defect. The infarct volume was
calculated from the summation of the area with delayed
hyperenhancement within each segment of the short axis
images, multiplied by the slice thickness to cover the whole
LV.13 The perfusion defect volume was calculated in the
same manner. Myocardial infarct size and perfusion defect
size were expressed as a percentage of the LV myocardial
volume. The infarct transmurality for each segment was
calculated by dividing the hyperenhanced area by total area
of the affected myocardium in each segment. The average
infarct transmurality for each patient was calculated as the
average of all segments with hyperenhanced area.14

Sample Size and Statistical Analysis

The expected standard deviation (SD) of myocardial infarct
size was estimated to be 10%, and a difference of more than
10% would be regarded as significant. For a power of 0.80
and an alpha error of 0.05, the required estimated sample
size would be 16 patients in each group. Considering the
possible dropout, the final sample size was determined to
be 20 patients in each group.

The Statistical Analysis Software package (SAS version
9.1, SAS Institute, Cary, NC) was used for all analyses.
Continuous data were expressed as the mean ± SD or as
the median and interquartile range, and categorical data as
counts or percentages. Continuous variables were analyzed
using an independent t test, and categorical variables using
a Pearson’s χ2 or Fisher’s exact test. A value of P < 0.05 in
the 2-tailed test was considered significant.

Results
Study Patients and Baseline Clinical Characteristics

A total of 40 consecutive patients were enrolled for this
study. One patient with anterior infarction in the facilitated
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PCI group was excluded from the study because the
patient did not undergo an MRI study due to hemodynamic
instability after primary PCI. A total of 19 patients were
finally assigned to the facilitated PCI group and 20 patients
in the conventional primary PCI group were eligible for
analysis. There was only 1 patient receiving abciximab
due to newly developed thrombus during the intervention
in the nonfacilitated PCI group. The baseline clinical
characteristics were not significantly different between the
2 groups (Table 1).

Angiographic and Procedural Data

Angiographic and procedural findings are shown in Table 2.
There was no significant difference between the groups
except in pre-PCI TIMI flow grade. The incidence of
pre-PCI TIMI flow grade 2 or 3 was significantly higher
in the facilitated PCI group compared with the primary
PCI group. Coronary stents were implanted in all patients,
and the diameter and length of stents used were not

Table 1. Baseline Characteristics

Facilitated
PCI (n = 19)

Primary
PCI (n = 20) P Value

Age, years 58.4±10.6 55.8±10.1 0.43

Age≥70 years, n (%) 4 (21.1) 2 (10.0) 0.41

Male, n (%) 17 (89.5) 16 (80.0) 0.66

Medical history, n (%)
Current smoker 8 (42.1) 10 (50.0) 0.62

Diabetes mellitus 3 (15.8) 5 (25.0) 0.70

Hypertension 7 (36.8) 6 (30.0) 0.74

Hyperlipidemia 2 (10.5) 7 (35.0) 0.13

On presentation

Killip classification 5 (26.3) 7 (35.0) 0.56
≥ II, n (%)

Anterior 12 (63.2) 13 (65.0) 0.91
infarction, n (%)

Left ventricular 48.4±14.1 47.3±8.5 0.78
ejection fraction, %

Door-to-balloon 100±26 97±33 0.79
time, min

Randomization to 64±25 68±30 0.62
balloon time, min

Symptom onset-to-balloon 296±127 279±150 0.72
time, min

Abbreviations: PCI, percutaneous coronary intervention.

Table 2. Angiographic and Procedural Findings

Facilitated
PCI (n = 19)

Primary PCI
(n = 20) P Value

Culprit vessel, n (%) 0.31
Left anterior 12 (63.2) 13 (65.0)

descending artery

Left circumflex artery 0 2 (10.0)

Right coronary artery 7 (36.8) 5 (25.0)

Number of diseased 0.61
vessels, n(%)

1 11 (57.9) 14 (70.0)

2 4 (21.1) 2 (10.0)

3 4 (21.1) 4 (25.0)

Baseline TIMI flow 9 (47.4) 3 (15.0) 0.03
grade≥2, n (%)

Final TIMI flow 17 (89.5) 19 (95.0) 0.61
grade 3, n (%)

Rentrop collateral 2 (10.5) 1 (5.0) 0.61
grade ≥2, n (%)

Visible thrombi, n (%) 5 (26.3) 7 (35.0) 0 .56

No reflow, n (%) 2 (10.5) 2 (10.0) 0.99

Stent diameter, mm 3.3±0.4 3.2±0.5 0.60

Stent length, mm 24.8±6.2 24.2±8.0 0.77

Reference diameter, mm 3.2±0.5 3.0±0.5 0.32

Lesion length, mm 22.5±8.1 22.1±7.9 0.86

Final minimal 2.6±0.4 2.5±0.5 0.28
luminal diameter, mm

Abbreviations: PCI, percutaneous coronary intervention; TIMI, throm-
bolysis in myocardial infarction.

significantly different between the groups. Quantitative
coronary angiographic analysis showed similar results
between the groups.

CE-MRI Analysis for Infarct Size

Results of CE-MRI were available in all patients (Table 3).
The CE-MRI was performed at 30 days after the index
procedure (median 31 d; interquartile range 27–34 d). There
was no difference in interval from procedure to MRI between
the groups. The LV end-diastolic volume, LV end-systolic
volume, and left ventricular ejection fraction (LVEF) were
similar in both groups. Infarct and perfusion defect volume
were not significantly different between the groups. Our
study endpoint, infarct size (percentage infarct volume) on

Clin. Cardiol. 32, 6, 321–326 (2009) 323
Y.B. Song et al: Upstream high-dose tirofiban does not reduce myocardial infarct size

Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20551  2009 Wiley Periodicals, Inc.



Clinical Investigations continued

Table 3. Infarct Size: Analysis of CE-MRI

Facilitated
PCI (n = 19)

Primary
PCI (n = 20) P Value

LVEDV (mL) 167.7±32.3 150.3±44.8 0.17

LVESV (mL) 78.3±29.6 73.3±34.5 0.63

LV ejection 53.6±14.6 54.0±10.7 0.92
fraction (%)

Infarct volume (mL) 24.0±9.7 30.4±22.2 0.25

Infarct size (% of LV) 22.1±11.7 25.2±13.2 0.44

Perfusion defect 2.0±4.0 4.1±7.3 0.28
volume (mL)

Perfusion defect 1.7±3.3 3.9±6.6 0.20
size (% of LV)

Transmurality (%) 75.2±18.8 63.0±26.3 0.10

Abbreviations: CE-MRI, contrast-enhanced magnetic resonance imag-
ing; LV, left ventricular; LVEDV, left ventricular end-diastolic volume;
LVESV, left ventricular end-systolic volume; PCI, percutaneous coronary
intervention.

CE-MRI, was also similar between the groups. There was
a trend of larger infarct transmurality (transmural extent
of infarct) in the facilitated PCI group, although it was not
statistically significant.

There was no interaction between symptom onset-to-
balloon time and the efficacy of facilitated PCI with
high-dose tirofiban. In patients presenting within 3 hours
after symptom onset, infarct size and transmurality were
similar between the groups (24.8% ± 10.8% in the primary
PCI group vs 17.5% ± 9.5% in the facilitated PCI group
for infarct size, P = 0.31; 53.2% ± 23.4% vs 52.5% ± 14.2%
for transmurality, P = 0.96). In patients presenting after
3 hours after symptom onset, infarct size and transmurality
were also similar between the groups (25.2% ± 14.4% in
the primary PCI group vs 23.3% ± 12.2% in the facilitated
PCI group for infarct size, P = 0.69; 66.2% ± 27.2% vs
81.3% ± 15.0% for transmurality, P = 0.07).

Myocardial Reperfusion, Peak Enzyme Levels, and Left
Ventricular Function

The incidence of post-PCI MBG 2 or 3 was not significantly
different (Table 4). There were no significant differences
between the facilitated PCI and primary PCI group in the
rates of ST-segment resolution of > 70% at 30 minutes and
at 90 minutes after procedure. Peak CK-MB and troponin I
level were similar between the groups. At 6-month follow-up,
the LVEF on echocardiography was similar in both groups.

Table 4. Myocardial Reperfusion and Left Ventricular Function

Facilitated
PCI (n = 19)

Primary
PCI (n = 20) P Value

Final myocardial 7 (36.8) 8 (40.0) 0.84
blush grade ≥2,
n (%)

ST-segment 6 (31.6) 4 (20.0) 0.41
resolution>70% at
30 min, n (%)

ST-segment 9 (47.4) 6 (30.0) 0.27
resolution>70% at
90 min, n (%)

Peak troponin I, ng/mL 179.5±231.7 147.8±250.0 0.68

Peak CK-MB, ng/mL 355.7±357.6 245.6±196.3 0.24

LV ejection fraction 52.6±10.4 50.9±9.8 0.68
at 6-mo follow-up, %

Abbreviations: LV, left ventricular; PCI, percutaneous coronary interven-
tion.

Discussion
We assessed whether early administration of high-dose
tirofiban might produce infarct-size reduction compared
with conventional primary PCI in patients with STEMI. Our
study showed that despite a higher incidence of TIMI flow
grade 2 or 3 on initial angiography, the upstream use of high-
dose tirofiban before primary PCI did not reduce infarct size
measured by CE-MRI. Moreover, there was no significant
difference in post-PCI TIMI grade, final MBG, ST-segment
resolution, peak cardiac enzyme level, and follow-up LVEF
between the facilitated PCI group and the conventional
primary PCI group.

Dose and Timing of Tirofiban Administration

Although GP IIb/IIIa inhibitors have significantly improved
clinical outcomes after PCI, the efficacy of adjunctive
treatment with tirofiban is uncertain in patients with
STEMI undergoing primary PCI.2 This may be due to
dose and timing of tirofiban administration. Recent studies
have shown that the conventional bolus dose of tirofiban
(10 µg/kg bolus followed by a 0.15 µg/kg/min infusion)
is inadequate to optimally inhibit platelet aggregation,15

and adequate levels of platelet inhibition were obtained
only with a higher dose of tirofiban in the patients with
STEMI.3 In a meta-analysis of 6 randomized trials, early
administration of GP IIb/IIIa inhibitors in STEMI appeared
to improve coronary patency with favorable trends for
clinical outcomes.5 Therefore, we investigated the impact of
upstream high-dose bolus tirofiban followed by continuous
infusion on myocardial infarct size in patients undergoing
primary PCI using CE-MRI. In our study, an approach of
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facilitated PCI with the upstream use of high-dose bolus
tirofiban showed a higher incidence of TIMI flow grade 2 or
3 on initial angiography, but the translation to a reduction
in myocardial infarct size measured by CE-MRI was not
observed.

Angiographic Patency and Infarct Size

The Facilitated Intervention with Enhanced Reperfusion
Speed to Stop Events (FINESSE) study was designed to
test the hypothesis that facilitated PCI preceded by early
treatment with the use of a combination of abciximab
and half-dose reteplase or abciximab only would be more
effective than primary PCI with abciximab administered in
the catheterization laboratory immediately before PCI.16 In
the FINESSE study, the facilitated approach offers no clinical
benefit over primary PCI in STEMI treatment, despite the
improvement of initial TIMI flow grade 3. This result is
concordant with our study which showed that the patency
of pharmacologically induced infarct related arteries did
not result in a beneficial effect on myocardial infarct size
measured by CE-MRI. Although baseline patency of infarct-
related artery was associated with favorable outcomes
after primary PCI,17 pharmacologically induced reperfusion
of the epicardial infarct-related artery may not reflect
myocardial reperfusion.

Infarct Size Measurement by CE-MRI

Contrast-enhanced magnetic resonance imaging (CE-
MRI) can assess myocardial infarct size with high
spatial resolution and excellent reproducibility,6 pro-
viding high-resolution images of first-pass perfusion
defects and infarcted myocardium by means of delayed
hyperenhancement.18 Delayed hyperenhancement after
contrast enables accurate delineation between the infarcted
and viable myocardium, allowing the prediction of myocar-
dial functional recovery.19 Therefore, CE-MRI is an optimal
method for assessing myocardial infarct size as surro-
gate endpoint for studies comparing different reperfusion
strategies, and its higher accuracy allows a subsequent
sample size reduction.20 However, there has been only
1 study evaluating the effect of tirofiban using CE-MRI,
which reported that pretreatment with conventional dose
of tirofiban improved myocardial flow after primary PCI.
In that study, infarct size and transmurality were not
measured.21 To the best of our knowledge, this is the
first study to evaluate the efficacy of adjunctive treat-
ment with tirofiban on infarct size and transmurality by
CE-MRI.

Study Limitations

Our study has several limitations. First, the sample size
was relatively small. However, we calculated the sample
size to have an acceptable level of statistical power. Second,
we excluded patients with hemodynamic instability or a

history of myocardial infarction who might benefit from a
more aggressive treatment such as facilitated PCI. Finally,
there was no major adverse cardiovascular event during
the study follow-up period, which made it impossible to
evaluate the efficacy of upstream high-dose tirofiban on
clinical outcomes.

Conclusion
This study showed that despite the improvement of initial
TIMI flow grade, the upstream use of high-dose tirofiban did
not result in reduction of myocardial infarct size measured
by CE-MRI.
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