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Abstract
Aims: We sought to compare the effects of intracoronary administration of a fibrinolytic drug (tenecte-
plase) to those of a glycoprotein IIb/IIIa inhibitor (abciximab) in patients with ST-elevation myocardial 
infarction (STEMI) undergoing primary percutaneous coronary intervention (PPCI).

Methods and results: In this pilot trial, 76 patients (59 male) with anterior STEMI were randomised to 
intracoronary infusion of reduced-dose tenecteplase or abciximab during PPCI. Angiography was repeated 
at 48 hours to assess corrected TIMI frame count (cTFC) and TIMI myocardial perfusion grade (TMPG). 
The primary endpoint was infarct size as assessed by cardiac MRI. The abciximab group showed lower 
cTFC (median 14.1 [IQR 9.4-17.1]) than the tenecteplase group (18.2 [10.0-28.2]) (p=0.02), and the pro-
portion of patients with TMPG grade 2/3 was higher in the abciximab group (90.3% vs. 67.7%; p=0.03). 
Major cardiac and cerebrovascular event rates did not differ; however, notably, 2/38 patients in the tenecte-
plase group experienced subacute stent thrombosis. At four months, there were no significant differences 
in infarct size between the tenecteplase and abciximab groups (17.0 g [9.6-27.5] vs. 21.1 g [11.3-35.0], 
p=0.33).

Conclusions: Intracoronary administration of tenecteplase did not reduce infarct size compared to abcixi-
mab in STEMI patients undergoing PPCI. Tenecteplase exhibited poorer myocardial reperfusion and might 
be associated with increased subacute stent thrombosis.
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Abbreviations
cTFC corrected Thrombolysis In Myocardial Infarction frame 

count
CK creatine kinase
GPI glycoprotein IIb/IIIa inhibitors
IC intracoronary
LAD left anterior descending artery
MRI magnetic resonance imaging
PPCI primary percutaneous coronary intervention
STEMI ST-segment elevation myocardial infarction
TIMI Thrombolysis In Myocardial Infarction
TMPG Thrombolysis In Myocardial Infarction perfusion grade

Introduction
Immediate reopening of acutely occluded coronary arteries by pri-
mary percutaneous coronary intervention (PPCI) is considered to 
be the treatment of choice in patients presenting with ST-segment 
elevation myocardial infarction (STEMI)1. However, myocar-
dial perfusion is not always optimal after restoration of coronary 
flow with PPCI2. This is in part due to thrombus embolisation 
and de novo fibrin formation in the microvascular bed, which can 
lead to plugging of the microvasculature, microvascular dysfunc-
tion and, subsequently, myocardial necrosis2. Some controversy 
remains regarding the optimal adjunctive antithrombotic therapy 
during PPCI beyond that of anticoagulants and oral antiplatelet 
drugs. In this setting, abciximab, a glycoprotein IIb/IIIa inhibi-
tor (GPI), has been shown to improve myocardial perfusion and 
reduce infarct size3. Clinical experience with intracoronary (IC) 
fibrinolysis during PPCI is limited, with most studies being obser-
vational4,5 or having been performed during the pre-stent era6. 
There are no randomised trials comparing fibrinolytic drugs to GPI 
administered via the IC route in patients with STEMI. We hypoth-
esised that local administration of a reduced dose of a fibrin-spe-
cific fibrinolytic drug (tenecteplase) could be more effective at 
dissolving coronary thrombi than administration of an additional 
antiplatelet agent (abciximab) to patients already receiving proto-
col-based, dual, oral antiplatelet therapy.

Therefore, we conducted a pilot trial to compare the effects of 
IC administration of a fibrinolytic agent (tenecteplase) to those 
of a GPI (abciximab) on myocardial perfusion and infarct size in 
patients with acute anterior STEMI undergoing PPCI.

Editorial, see page 1628

Methods
PATIENTS
In this phase-III, single-centre, prospective, randomised con-
trolled trial, patients were considered for enrolment if they were 
within the first 12 hours of an anterior STEMI and were undergo-
ing PPCI. Inclusion criteria comprised: the presence of symptoms 
<12 hours, ST-segment elevation ≥0.2 mV in ≥2 precordial leads 
or new-onset left bundle branch block, and angiographic evidence 
of a flow-limiting significant lesion in the left descending (LAD) 
coronary artery (Thrombolysis In Myocardial Infarction [TIMI] 

flow grade 0-2). Exclusion criteria comprised: cardiogenic shock, 
history of prior myocardial infarction, contraindication to car-
diac magnetic resonance imaging (MRI), chronic kidney disease 
(serum creatinine >1.5 mg/dl), severe active bleeding, pregnancy, 
contraindication to study drugs, and severe systemic disease with 
life expectancy <12 months. The study protocol was approved by 
the local and regional ethics committees, and was authorised by 
the Spanish Agency for Drugs and Health Products. The trial was 
registered in Eudra CT (https://www.clinicaltrialsregister.eu, iden-
tifier 2010-022725-16). All patients gave written informed consent 
to participate in the study.

STUDY PROTOCOL
All patients were given aspirin (300 mg), a loading dose of clopi-
dogrel (600 mg) and unfractionated heparin (70 IU/kg intravenous 
[IV] bolus) before the procedure. Immediately after the diagnostic 
angiography, eligible patients were assigned to receive either IC 
tenecteplase or abciximab according to a block-based computer-
generated random sequence. After crossing the infarct-related artery 
with a guidewire, the study medication (tenecteplase or abciximab) 
was diluted with 20 ml of saline and infused directly through the 
guiding catheter for three minutes. Patients randomised to tenecte-
plase received a reduced dose through the IC route of one fifth 
of the usual systemic dose, adjusted for weight (e.g., 7.5 mg of 
tenecteplase for a 75 kg patient). Patients randomised to abciximab 
received a standard dose (0.25 mg/kg) administered via the IC route, 
followed by an IV infusion of 0.125 mcg/kg/min for 12 hours. In 
both groups, PPCI was then performed as usual with implantation 
of coronary stents as needed. Balloon predilation or manual aspi-
ration of the thrombus was allowed at the operator’s discretion.

All patients were scheduled for repeat catheterisation two days 
after PPCI. Angiographic images in standardised projections 
were obtained at 30 frames/s to assess the corrected TIMI frame 
count (cTFC) and the TIMI myocardial perfusion grade (TMPG, 
grades 0-3), as previously described7,8. Angiographic images were 
recorded and assessed offline at an external angiographic core lab-
oratory by a single experienced interventional cardiologist blinded 
to the study medication. An optimal myocardial reperfusion was 
defined as a TMPG 2/3.

FOLLOW-UP
After PPCI, serial blood analysis was performed to test for the 
standard biochemical markers including cardiac troponin I and 
creatine kinase (CK), which were checked every eight hours over 
two days. Electrocardiograms were recorded 90 minutes after 
PPCI to assess ST-segment resolution. Management of STEMI 
was performed as usual, and patients were discharged on aspi-
rin indefinitely and on clopidogrel for at least one year. Doppler 
echocardiography with contrast agent was performed before dis-
charge (at five to seven days after PPCI), and was repeated six 
months later. Cardiac MRI was scheduled four months after PPCI 
at an external radiological centre. The protocol for cardiac MRI is 
shown in Supplementary Appendix 1. Total LV myocardial mass 
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and infarct size (expressed as weight of infarct mass in grams 
and percentage of LV mass) were manually assessed by a single 
experienced radiologist who was blinded to the study medica-
tion, as described previously9. Clinical follow-up was scheduled at 
30 days, six months and 12 months after PPCI.

ENDPOINTS
The primary endpoint was the final infarct size assessed by cardiac 
MRI at four months. Secondary endpoints included: the cTFC and 
the TMPG on catheterisation 48 hours after PPCI; LV function 
parameters (volumes and ejection fraction) on cardiac MRI; and 
a composite of 30-day major adverse cardiac and cerebrovascu-
lar events (MACCE) including death, reinfarction (new increase 
in troponin levels plus suggestive clinical symptoms or new 
ST-segment changes), stroke and urgent target vessel revasculari-
sation. Major bleeding events were defined as those resulting in 
death, requirement of blood transfusion, a drop in the haemoglo-
bin level of >4 g/dl, intrapericardial effusion resulting in cardiac 
tamponade, or any intracranial bleeding.

STATISTICAL ANALYSIS
The sample size in our study was arbitrary and was not previ-
ously calculated, because of the scarce data available. After 
a pre-planned interim analysis, a decision was made to stop 
enrolment after 76 patients had been included, as explained in 
Supplementary Appendix 2, which also includes a post hoc analy-
sis on the sample size of the study on the basis of the obtained 
results (Supplementary Table 1). Group proportions were com-
pared using the chi-square or Fisher’s exact test as appropriate. 
Differences in the primary and secondary endpoints between the 
treatment groups were analysed using the non-parametric Mann-
Whitney U test. The potential influence of several possible con-
founding factors (age, diabetes, smoking status, time from pain to 
dilation, time from door to dilation, proximal versus non-proximal 
lesions in the LAD, Rentrop collaterals, thrombus burden, bal-
loon predilation and thrombus aspiration) on endpoints was stud-
ied. Group means were adjusted for these variables and compared 
with covariance analysis. The difference between treatment groups 
with regard to optimal myocardial reperfusion (TMPG grade 2/3 
vs. grade 0/1) was first analysed using the chi-square test. Next, 
a logistic regression model that included the covariates was built. 
Subgroup analyses were performed, and for this purpose age and 
time variables were derived as categorical variables. P-values for 
interaction were acquired using a logistic regression chi-square 
test, with a pint<0.05 indicating a significant interaction. Thirty-
day rates of MACCE were estimated using the Kaplan-Meier 
method, and the comparison between groups was made using the 
log-rank test. Multivariate linear regression analysis using a step-
wise procedure was conducted to identify predictors of infarct 
size on the four-month cardiac MRI. All statistical tests were per-
formed with SPSS software, Version 19 (IBM Corp., Armonk, NY, 
USA). A two-tailed value of p<0.05 was considered statistically 
significant.

Results
Between August 2012 and April 2016, 102 patients with acute 
anterior STEMI who met the inclusion criteria for this study were 
screened for enrolment at our institution (Figure 1). Of those, 
26 patients were excluded due to the listed criteria. Therefore, 
76 patients were randomised to receive either IC tenecteplase 
(n=38) or IC abciximab (n=38). There were no adverse events 
during the IC administration of either drug. Predilation of the cul-
prit lesions and manual thrombus aspirations were performed at 
the operator’s discretion, but ultimately resulted in the procedures 
being performed at a similar rate in both treatment groups. The 
PPCI procedure was completed with implantation of coronary 
stents in all patients, and there were no immediate complications 
(Supplementary Table 2).

There were no significant differences between the groups 
with respect to baseline demographic, clinical, angiographic or 

Table 1. Baseline demographic, clinical, and angiographic 
characteristics.

IC tenecteplase 
(n=38)

IC abciximab 
(n=38)

p-value

Age (years) 61.7±12.5 63.3±13.3 0.49

Male sex 30 (79%) 29 (76%) 0.78

Body surface area, m2 1.92±0.22 1.93±0.21 0.74

Diabetes 15 (39%) 13 (34%) 0.63

Hypertension 17 (45%) 17 (45%) 1.0

Hyperlipidaemia 11 (29%) 16 (42%) 0.23

Current smoker 16 (42%) 16 (42%) 1.0

Prior PCI 0 1 (2.6%) 1.0

Pre-infarction angina 14 (37%) 16 (42%) 0.64

Systolic BP at screening 
(mmHg) 135±24 133±20 0.35

Killip class at 
screening

I 31 (82%) 33 (87%)
0.69

II-III 7 (18%) 5 (13%)

Epicardial 
TIMI flow 
before PCI 
(grade)

TIMI 0-1 33 (87%) 33 (87%)
1.0

TIMI 2 5 (13%) 5 (13%)

Time from first pain to 
dilation (min) 189±120 207±125 0.21

Time from door to dilation 
(min) 116±49 114±45 0.72

Proximal LAD location of 
occlusion 18 (47%) 19 (50%) 0.82

Multivessel disease 16 (42%) 16 (42%) 1.0

TIMI 
thrombus 
grade

<3 1 (2.6%) 1 (2.6%)

0.64  3 5 (13.2%) 6 (15.8%)

≥4 32 (84.2%) 31 (81.6%)

Rentrop collaterals, 
grade 0-1 33 (87%) 31 (82%) 0.53

Values expressed as mean±SD, median (interquartile range) or n (%). 
BP: blood pressure; IC: intracoronary; LAD: left anterior descending 
artery; PCI: percutaneous coronary intervention; TIMI: Thrombolysis In 
Myocardial Infarction
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periprocedural characteristics (Table 1, Supplementary Table 2). 
All patients continued on aspirin, clopidogrel, angiotensin-convert-
ing enzyme inhibitors (except for one patient in the IC-abciximab 
group because of symptomatic hypotension), beta-blockers and 
statins throughout the study.

MYOCARDIAL PERFUSION
Microvascular perfusion was significantly better in the 
IC-abciximab group than in the IC-tenecteplase group at both 
the immediate and second-day evaluation points (Table 2). On 
second-day angiography (performed 47.5±19 hours after PPCI), 
patients in the IC-abciximab group had lower cTFC than patients 
in the IC-tenecteplase group (median 14.1 [IQR, 9.4 to 17.1] vs. 
18.2 [IQR, 10.0 to 28.2], p=0.02) (Figure 2). When adjusted for 
the previously specified covariates, covariance analysis showed 
that the significant difference in cTFC between the groups per-
sisted (adjusted mean 14.5±2.0 in IC-abciximab vs. 21.3±2.1 in 
IC-tenecteplase group, adjusted p=0.03). In multivariate linear 
regression analysis, the study drug was the only independent pre-
dictor of cTFC (p=0.04).

The proportion of patients with optimal myocardial reperfusion 
(TMPG grade 2/3) on second-day angiography was significantly 
higher in the IC-abciximab group than in the IC-tenecteplase 
group (90.3% vs. 67.7%, p=0.03) (Figure 2, Table 2). In multi-
variate logistic regression analysis, only the study drug abciximab 

was significantly associated with a TMPG grade 2/3 (p=0.03), 
while a culprit lesion in the proximal LAD was nearly statistically 
significant (p=0.05) (Supplementary Table 3). Subgroup analyses 
were performed to identify potential confounders on TMPG 2/3, 

Assessed for eligibility and met
inclusion criteria (n=102)

Excluded (n=26)
– Refused to participate (n=9)
– Cardiogenic shock (n=8)
– Prior myocardial infarction (n=5)
– Other* (n=4)Enrolment (n=76)

Randomisation

Allocated to IC tenecteplase (n=38)

Angiography on day 2 to assess
microvascular perfusion¶ (n=31)

Cardiac MRI at 6 months◊ (n=26)

Lost to follow-up (n=O)

Follow-up at 12 months (n=38)

Allocated to IC abciximab (n=38)

Angiography on day 2 to assess
microvascular perfusion¶ (n=31)

Cardiac MRI at 6 months◊ (n=28)

Lost to follow-up (n=O)

Follow-up at 12 months (n=38)

Figure 1. Flow chart demonstrating the trial protocol. *Other reasons for study exclusion were malignant neoplasm (n=2), serum creatinine 
>1.5 mg/dl (n=1), and advanced liver cirrhosis (n=1). ¶Seven patients in each group refused to undergo second-day angiography. ◊Cardiac 
MRI was not performed in 12 patients in the IC-tenecteplase group because of claustrophobia (n=5), patient refusal (n=3), death (n=3), and 
contraindication to cardiac MRI due to defibrillator implantation after the index event (n=1). Cardiac MRI was not performed in 10 patients 
in the IC-abciximab group because of claustrophobia (n=4), patient refusal (n=2), death (n=3), and technical issues (n=1). IC: intracoronary; 
MRI: magnetic resonance imaging 

Table 2. Invasive measurements of microvascular perfusion.

IC tenecteplase  
(IA primary PCI, 

n=38) (on second 
day, n=31)

IC abciximab  
(IA primary PCI, 

n=38) (on second 
day, n=31)

p-value

cTFC 

IA primary PCI 23.8 [16.9-30.1] 17.9 [10.7-32.8] 0.05

On second day 18.2 [10.0-28.2] 14.1 [9.4-17.1] 0.02

TMPG

IA primary PCI

TMPG 0/1 28 (73.7%) 13 (34.2%)

TMPG 2/3 10 (26.3%) 25 (65.8%) 0.001

On second day 

TMPG 0/1 10 (32.3%) 3 (9.7%)

TMPG 2/3 21 (67.7%) 28 (90.3%) 0.03

Values expressed as median (interquartile range) or n (%). 
cTFC: corrected Thrombolysis In Myocardial Infarction frame count; 
IA: immediately after; IC: intracoronary; PCI: percutaneous coronary 
intervention; TMPG: Thrombolysis In Myocardial Infarction myocardial 
perfusion grade
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but no significant interaction among the covariates and the study 
medication was observed, except for a borderline interaction for 
door-to-balloon time <120 min (Figure 3).

INFARCT SIZE AND VENTRICULAR FUNCTION
Cardiac MRI was performed at another institution for 52 patients 
at 4.5±1.6 months. There was no significant difference in infarct 
size between the IC-tenecteplase and IC-abciximab groups in 
terms of absolute mass (median 17.0 g [IQR, 9.6-27.5] vs. 21.1 g 
[IQR, 11.3-35.0], respectively; p=0.33) or percentage of LV mass 
(15.9% [IQR, 7.5-26.5] vs. 17.0% [IQR, 9.0-25.0], respectively; 
p=0.59) (Table 3). The results did not change after adjustment 
for multiple covariates. In multivariate linear regression analysis, 
absolute infarct size was related to ejection fraction as assessed 
by echocardiography at five to seven days after PPCI (p=0.02) as 
well as peak level of CK (p=0.04), whereas infarct size as a per-
centage of LV mass was only related to peak level of CK (p<0.01) 
(Supplementary Table 4, Supplementary Table 5).

Left ventricular size and systolic function on four-month cardiac 
MRI did not differ significantly between the study groups (Table 3).

CLINICAL OUTCOMES
During their hospitalisations, two patients (5.3%) in the 
IC-tenecteplase group died secondary to progressive acute heart 
failure and cardiogenic shock. Non-fatal subacute definite stent 
thrombosis occurred in two patients (5.3%) in the IC-tenecteplase 
group (manifesting clinically as reinfarction in one patient, and 
subclinically, detected only during the scheduled second-day angio-
graphy, in one patient). One diabetic patient in the IC-abciximab 
group required urgent target vessel revascularisation at 20 days 
due to significant restenosis presenting as angina and ventricular 
arrhythmias. Major non-fatal bleeding occurred in one and three 
patients in the IC-tenecteplase and IC-abciximab groups, respec-
tively. No cases of intracranial haemorrhage were detected; one 
case of cardiac tamponade occurred in the IC-abciximab group.

Two patients (one in each group) died suddenly within the first 
three weeks after hospital discharge. There were no significant dif-
ferences in composite MACCE rates between the groups at the 
30-day follow-up (5/38 patients [13.2%] and 2/38 patients [5.3%] 
in the IC-tenecteplase and IC-abciximab groups, respectively; log-
rank test, p=0.22) (Supplementary Figure 1). The global 30-day 
MACCE and other serious adverse events are summarised in 
Supplementary Table 6. During longer-term follow-up (up to one 
year), no additional cardiac deaths occurred, but two non-cardiac 
deaths (one due to sepsis and another one to neoplasm) were reg-
istered in the IC-abciximab group.

Discussion
To our knowledge, this is the first randomised controlled trial 
comparing the IC administration of a fibrinolytic drug to that 
of a GPI in patients with STEMI undergoing PPCI. In this pilot 
and relatively small single-centre study, IC tenecteplase did not 
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Table 3. Results of cardiac magnetic resonance imaging at 
4 months.

IC tenecteplase 
(n=27)

IC abciximab 
(n=25)

p-value

Infarct size, g 17.0 [9.6-27.5] 21.1 [11.3-35.0] 0.33

Infarct size, g/m2 9.2 [4.9-15.9] 10.8 [5.3-18.4] 0.47

Infarct size, % of LV 15.9 [7.5-25.5] 17.0 [9.6-25.0] 0.59

LV end-diastolic 
volume index, ml/m2 85.4 [71.7-99.9] 88.5 

[72.9-104.4] 0.94

LV end-systolic volume 
index, ml/m2 38.9 [25.0-54.0] 40.1 [31.2-55.8] 0.63

LV ejection fraction, % 54.0 [44.0-62.0] 53.0 [44.5-59.5] 0.58

Values expressed as median (interquartile range). IC: intracoronary; 
LV: left ventricle
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significantly reduce the final infarct size compared to abciximab. 
In addition, it performed worse than abciximab in terms of myo-
cardial perfusion and stent thrombosis.

Several observational studies4,5 and small randomised trials6,10,11 
have explored the feasibility of IC thrombolysis. Some research-
ers have found it to be useful after thrombotic complications dur-
ing complex PCI4 and during STEMI with massive thrombus and 
failed aspiration5. In the only reported randomised study of IC 
fibrinolytics in the era of PPCI and stents, Sezer et al found that 
streptokinase improved microvascular reperfusion10 and decreased 
infarct size11 when compared to placebo. Also, some investigators 
have found IC abciximab administration to be superior to its IV 
administration for improving myocardial perfusion and reducing 
infarct size3, but IC abciximab has not been clearly demonstrated 
to improve clinical outcomes12.

We hypothesised that IC tenecteplase could have a greater poten-
tial than abciximab in dissolving thrombus at the epicardial culprit 

lesion as well as at the microvascular bed. We based our hypothesis 
on its different mechanism of action, by reducing the fibrin mesh 
and the established obstructive clots instead of solely blocking the 
common pathway of platelet aggregation. As there is no approved 
dose for the IC administration of tenecteplase, we selected one fifth 
of the systemic dose, which is a similar dose to that given in a pre-
vious observational study4. Although our results show a non-signif-
icant trend towards smaller infarct size in the IC-tenecteplase group 
(the primary endpoint of the study), we failed to demonstrate its 
superiority over abciximab in this relatively small sample size. The 
fact that the control group did not receive placebo but an active drug 
with known efficacy in this setting, such as abciximab3, may also 
have contributed to this negative result.

Our results contrast with the positive findings of Sezer et 
al with another IC fibrinolytic (streptokinase) after PPCI10,11. 
There are some differences between that study and ours. First, 
they compared a reduced dose of IC streptokinase with saline 

Subgroups Tenecteplase Abciximab TIMI myocardial perfusion grade 2/3 OR (95% Cl) p-value Interaction
p-value

Age 0.55
65 or older 11 (68.8%) 16 (94.1%) 1.37 (0.96-1.94) 0.07
<65 10 (66.7%) 12 (85.7%) 1.29 (0.85-1.95) 0.22

Gender 0.99
Male 14 (58.3%) 24 (92.3%) 1.58 (1.11-2.26) 0.01
Female 7 (100.0%) 4 (80.0%) 0.80 (0.52-1.24) 0.42

Diabetes 0.37
Present 4 (44.4%) 9 (90.0%) 2.02 (0.95-4.33) 0.05
Absent 17 (77.3%) 19 (90.5%) 1.17 (0.90-1.53) 0.23

Smoking (current) 0.97
Present 6 (54.5%) 12 (85.7%) 1.57 (0.88-2.81) 0.10
Absent 15 (75%) 16 (94.1%) 1.26 (0.95-1.66) 0.13

Time pain to balloon 0.99
<180 min 5 (50.0%) 9 (100.0%) 2.00 (1.08-3.72) 0.02
≥180 min 16 (76.2%) 19 (86.4%) 1.13 (0.85-1.52) 0.32

Time door to balloon 0.06
<120 min 9 (52.9%) 18 (94.7%) 1.79 (1.13-2.84) 0.01
≥120 min 12 (85.7%) 10 (83.3%) 0.97 (0.70-1.35) 0.64

Location 0.61
Proximal LAD 11 (84.6%) 14 (93.3%) 1.10 (0.84-1.44) 0.44
Mid-distal LAD 10 (55.6%) 14 (87.5%) 1.57 (1.00-2.48) 0.05

Predilation 0.50
Yes 11 (64.7%) 14 (93.3%) 1.44 (0.99-2.10) 0.06
No 10 (71.4%) 14 (87.5%) 1.22 (0.84-1.79) 0.26

Thrombus aspiration 0.97
Yes  7 (63.6%) 8 (88.9%) 1.40 (0.84-2.31) 0.22
No 14 (70.0%) 20 (90.9%) 1.30 (0.95-1.78) 0.09

Rentrop collaterals 0.99
Rentrop 2-3 3 (100%) 5 (100%) 1.00 (0.80-1.20) 1.00
Rentrop 0-1 18 (64.3%) 23 (88.5%) 1.38 (1.01-1.87) 0.04

0.2 0.5 1 2 5 10
 Favours tenecteplase OR Favours abciximab
  (95% CI)

Figure 3. Subgroup analysis on myocardial perfusion. Effect of intracoronary abciximab versus tenecteplase for optimal myocardial 
reperfusion (TIMI myocardial perfusion grade 2/3) according to different subgroups based on clinical, angiographic, and procedural 
characteristics. CI: confidence interval; LAD: left anterior descending; OR: odds ratio; TIMI: Thrombolysis In Myocardial Infarction
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placebo, and all patients received tirofiban in addition to clopi-
dogrel, aspirin and heparin. In contrast, we compared two active 
drugs (tenecteplase versus abciximab), so patients assigned to 
IC tenecteplase in our study did not receive any GPI. Another 
important difference is that they measured infarct size using sin-
gle-photon emission computed tomography, whilst we used car-
diac MRI, which is considered to be the most accurate modality 
for measuring infarct scars13. Nevertheless, neither their study 
nor ours found an increased risk of severe bleeding with IC 
fibrinolytics, with no cases of intracranial haemorrhage or car-
diac tamponade reported.

Intracoronary tenecteplase performed worse than abciximab in 
terms of epicardial flow and myocardial reperfusion, as assessed 
by cTFC and TMPG. This negative effect was maintained across 
different subgroups, and it could have some possible explanations. 
First, we cannot exclude an insufficient antithrombotic effect in 
the tenecteplase group. This may be due to our empiric election of 
a relatively low dose of the lytic drug and to the fact that patients 
in that group did not receive an additional 12-hr perfusion of 
a parenteral antiplatelet agent. Furthermore, clopidogrel has been 
progressively displaced by more potent oral antiplatelet drugs 
such as prasugrel and ticagrelor in the setting of PPCI, although 
it remains the only P2Y12 inhibitor approved for concomitant use 
with thrombolytic drugs. Second, clots rich in platelets are more 
resistant to fibrinolysis, so tenecteplase could have caused the clots 
to be fragmented rather than dissolved, causing a more extensive 
embolisation of microthrombi. Third, some authors have reported 
a prothrombotic effect of fibrinolytic agents, due to the release 
of thrombin and platelet mediators from the clot mesh when it 
is only partially lysed, thus reactivating the coagulation cascade 
and the platelet aggregation process14. This paradoxical effect of 
IV fibrinolytics has been suggested as a potential explanation for 
the worsened clinical outcomes after facilitated PCI compared to 
PPCI for STEMI, including more reinfarctions and culprit vessel 
closures15. Fourth, fibrinolysis can result in intramyocardial haem-
orrhage, which could have increased microvascular resistance in 
the tenecteplase group in our study.

Our results suggest that myocardial reperfusion does not neces-
sarily correlate with final infarct size. This is a controversial issue 
that has also been observed with other strategies to salvage myo-
cardium in PPCI16. One potential reason is that they reflect differ-
ent pathophysiological phenomena. Furthermore, they are usually 
evaluated at different time points after PPCI. Since MRI studies in 
our patients were scheduled four months after PPCI, oedema and 
intramyocardial haemorrhage would have resolved at that point 
and the infarct area may have shrunk.

An unexpected finding in our study was the occurrence of 
two cases (5.3%) of definite subacute stent thrombosis in the 
IC-tenecteplase subgroup, as opposed to none in the IC-abciximab 
group. Although it could be due to chance, it could also be related 
to the previously mentioned procoagulant side effect of lytic 
agents. This relatively high rate of stent thrombosis in the tenecte-
plase group is a matter of concern, and should be further evaluated 

in several ongoing studies on intracoronary reduced dose of lytic 
therapy (Supplementary Table 7).

Limitations
Our study has some limitations. This was a relatively small, sin-
gle-centre pilot trial, so the absence of significant differences in 
infarct size between the treatment groups may have been related to 
the small sample size. The trial was single-blind, with the opera-
tor knowing the randomisation assignment. However, the angio-
graphic analyses were performed at an external core laboratory 
and the cardiac MRI images were obtained and analysed at an 
external radiological centre, in a blinded fashion. Finally, the dose 
of IC tenecteplase chosen for this study (one fifth of systemic 
dose) was based on available case reports and observational stud-
ies, and we do not rule out that such a dose could have been too 
low to achieve the desired antithrombotic effect.

This study was designed as a hypothesis-generating study to 
enable the planning of larger trials based on the results. Once the 
results of the present study are known, we cannot exclude some 
potential benefits of IC tenecteplase with regard to infarct size reduc-
tion. However, in our opinion, a larger trial of IC fibrinolysis should 
only be considered if it is administered with concomitant high-inten-
sity antiplatelet therapy (e.g., administering ticagrelor or prasugrel 
instead of clopidogrel, or infusing GPI by protocol for all patients).

Conclusions
In this pilot trial of patients with acute anterior STEMI undergo-
ing PPCI, IC administration of tenecteplase did not reduce infarct 
size compared to abciximab. IC tenecteplase showed poorer myo-
cardial reperfusion parameters and a trend towards more subacute 
stent thrombosis than abciximab, suggesting a potential prothrom-
botic effect of this fibrinolytic agent, something which deserves 
further study.

Impact on daily practice
In this first trial comparing adjunctive IC fibrinolytics to GPI 
during PPCI, we found that administering a reduced dose of 
IC tenecteplase does not provide any meaningful benefit when 
compared to abciximab. The combination of a relatively high 
rate of subacute stent thrombosis and worsened myocardial 
reperfusion after IC tenecteplase supports the growing suspi-
cion of a prothrombotic effect of fibrinolytics. IC tenecteplase 
should not be administered without the support of a potent anti-
platelet regime.
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Supplementary data 

Supplementary Appendix 1. Protocol of cardiac magnetic resonance imaging (cardiac 

MRI) 

All images of cardiac magnetic resonance imaging (cardiac MRI) were acquired with the 

patients in the supine position with ECG-gated image acquisitions on a whole-body 1.5-

Tesla scanner (NT Intera; Philips, Amsterdam, the Netherlands) at a core radiological centre 

(DADISA Radiological Center, Cadiz, Spain). The cardiac MRI exam consisted of two 

components: cine cardiac MRI for left ventricular (LV) volumes and systolic function, and 

delayed enhancement cardiac MRI for evaluation of infarct size. All images were acquired 

during breath-hold at end expiration. LV function was assessed by a standard steady-state 

free precession sequence. Early and delayed enhancement images covering the entire 

ventricle from the base to the apex (as short-axis slices) were acquired 1 and 15 minutes 

after IV administration of gadobutrol contrast injection (Gadovist; Bayer Schering Pharma 

AG, Berlin, Germany) at 0.15 mmol/kg body weight, with a segmented inversion recovery 

gradient echo sequence and the following nominal parameters: 1) TE 3.8 ms, 2) TR 1.2 ms, 

3) 5 mm slice thickness, 4) image matrix=208 x 184, 5) field of view=38 x 38 mm, 6) flip 

angle=15°, 7) in-plane spatial resolution 1.83 x 2.0 mm. The inversion time was adapted 

individually to nullify the signal of the normal myocardium. All short-axis slices were 

assessed for areas of signal enhancement that were more than 2 standard deviations from 

the normal myocardial signal. Total LV myocardial mass and infarct size (expressed as 

weight of infarct mass in grams and percentage of LV mass) were manually assessed at 

end-diastole by a single experienced radiologist who was blinded to the study medication, 

as described previously [9]. Image analysis was performed on an independent workstation 



with dedicated software. Left ventricular mass was assessed for the delayed enhancement 

images by tracing the endocardial and epicardial contours manually. Once the myocardial 

contours were identified, infarct size was determined by manual delineation of delayed 

enhancement in each of the short-axis images. Infarct size was expressed as absolute mass 

in grams (according to the obtained volume of enhanced myocardium multiplied by the 

specific density of myocardium) as well as a percentage of LV (given by the sum of the 

volume of delayed enhancement regions for all slices divided by the sum of the LV 

myocardial cross-sectional volumes). 

 

 

Supplementary Appendix 2. Sample size: rationale and post hoc analysis 

As stated in the “Methods” section of the manuscript, the sample size in our study was 

arbitrary and was not previously calculated, because of the pilot nature of the study and the 

scarce data available when the study was designed, as our study was designed in 2010 and 

started in March of 2012.  

In our study, an interim analysis of data of the study was pre-planned for a period in which 

60-80 patients had been enrolled, in order to assess safety and efficacy of both drugs. 

Therefore, an analysis on the efficacy of tenecteplase in reducing infarct size was 

performed (see results below) and, taking into account the large sample size to detect 

significant differences between treatment groups (or to detect superiority of tenecteplase), a 

decision was made to terminate enrolment in this pilot trial after 76 patients had been 



included. Subsequently, planning for a larger and multicentre study might then be 

considered. 

In a post hoc analysis based on our results, considering the observed infarct size of 

17.7±10.8% in the IC-abciximab group, and considering a relative reduction in infarct size 

of 25% in the IC-tenecteplase group as clinically relevant, 70 patients would be required in 

each group to detect a clinically significant reduction of 25% in infarct size with 

tenecteplase (from 17.7 to 13.3%), for a standard deviation of 10%, with a 1-sided, α = 0.05 

significance and 80% power. In the case of a 25% reduction in absolute infarcted mass 

expected with IC-tenecteplase (from 23.3 g to 17.5 g), 68 patients would be required in 

each group for a standard deviation of 12%, 1-sided, α = 0.05 and 80% power. It should 

also have been taken into account in the final sample size to add an additional 20-25% of 

patients without magnetic resonance imaging for several reasons (such as displayed in 

Figure 1 of the manuscript). All the post hoc estimations of required sample size have been 

calculated from the G* Power 3.1 statistical package (Faul, Erdfelder, Lang, & Buchner; 

Germany, 2007). 

The following post hoc estimations of required sample size to detect significant differences 

between study drugs have been calculated on the basis of the observed results on cardiac 

magnetic resonance imaging (cardiac MRI) in our study, which are shown in 

Supplementary Table 1 (it includes not only the median [interquartile range] as in Table 3 

of the manuscript, but also the median±standard deviation, in order to calculate the required 

sample size): 



- Post hoc calculations of sample size to detect significant differences in infarct size (as 

absolute infarcted mass) between the experimental drug (tenecteplase) and the comparator 

drug (abciximab)  

2-sided, α = 0.05, β = 0.20, statistical power (1- β) = 0.80, allocation ratio = 1 

Sample size per group = 177 

Sample size (total) = 354  

Estimated sample size accounting for 25% missing MRI studies = 442 patients (221 

patients per group) 

- Post hoc calculations of sample size to detect superiority of tenecteplase over abciximab 

(unilateral) in infarct size (as absolute infarcted mass)  

1-sided, α = 0.05, β = 0.20, statistical power (1- β) = 0.80, allocation ratio = 1 

Sample size per group = 140 

Sample size (total) = 280 

Estimated sample size accounting for 25% missing MRI studies = 350 patients (175 

patients per group) 

- Post hoc calculations of sample size to detect significant differences in infarct size (as a 

percentage of left ventricular mass) between the experimental drug (tenecteplase) and the 

comparator drug (abciximab)  

2-sided, α = 0.05, β = 0.20, statistical power (1- β) = 0.8, allocation ratio = 1 



Sample size per group = 471 

Sample size (total) = 942  

Estimated sample size accounting for 25% missing MRI studies = 1,178 patients (589 

patients per group) 

- Post hoc calculations of sample size to detect superiority of tenecteplase over abciximab 

(unilateral) in infarct size (as a percentage of left ventricular mass)   

1-sided, α = 0.05, β = 0.20, statistical power (1- β) = 0.80, allocation ratio = 1 

Sample size per group = 371 

Sample size (total) = 742 

Estimated sample size accounting for missing MRI studies = 928 patients (464 patients per 

group).



Supplementary Figure 1. Kaplan-Meier cumulative event curves at 30-day follow-up. Curves for MACCE according to the treatment 

groups at 30 days after randomisation and compared using the log-rank test. CI: confidence interval; IC: intracoronary; MACCE: 

major adverse cardiac and cerebrovascular events 



 

 

Supplementary Table 1. Results in cardiac MRI used for post hoc analysis  

of sample size. 

 IC tenecteplase 

(n=27) 

IC abciximab 

(n=25) 

p-value 

Infarct size, g 

Median [IQR] 

17.0 [9.6-27.5] 21.1 [11.3-35.0] 0.33 

Infarct size, g 

Mean±SD 

19.3±11.6 23.3±14.9 0.29 

Infarct size, % of LV 

Median [IQR] 

15.9 [7.5-25.5] 17.0 [9.6-25.0] 0.59 

Infarct size, % of LV 

Mean±SD 

15.9±9.3 17.7±10.8 0.51 

Values expressed as median [IQR] and mean±SD.  

IC: intracoronary; IQR: interquartile range; LV: left ventricle; SD: standard deviation 

 

  



Supplementary Table 2. Periprocedural characteristics of primary PCI (PPCI). 

 IC tenecteplase 

(n=38) 

IC abciximab 

(n=38) 

p-value 

Radial access 9 (24%) 8 (21%) 0.78 

Balloon predilation 21 (55%) 18 (47%) 0.49 

Thrombus aspiration 12 (32%) 14 (37%) 0.63 

No. of stents per patient 1.21±0.4 1.24±0.4 0.79 

Patients receiving drug-eluting stents 23 (61%) 24 (63%) 0.81 

Total stented length (mm) 27.4±14.0 29.5±14.6 0.54 

Stent diameter (mm) 2.9±0.44 3.0±0.56 0.50 

Maximum inflation pressure (atm) 16.0±2.0 15.4±1.9  0.17 

Epicardial TIMI flow post PCI (grade)   0.29 

     TIMI 0-1  0 0  

     TIMI 2 6 (16%) 3 (8%)  

     TIMI 3       32 (84%) 35 (92%)  

Procedural complications 0 0 -- 

Troponin I peak (ng/ml) 109 [48-150] 121 [59-202] 0.27 

CK peak (µmol/(s*L) 37 [19-68] 42 [22-58] 0.87 

ST-segment resolution at 90 min (%) 52 [37-74] 66 [38-74] 0.58 

Values expressed as mean±SD or n (%).  

CK: creatine kinase; IC: intracoronary; PCI: percutaneous coronary intervention; TIMI: 

Thrombolysis In Myocardial Infarction 



Supplementary Table 3. Logistic regression analysis for optimal myocardial perfusion (TMPG 2/3). 

Variables included β Wald Sig Exp (β) 95% CI for Exp (β) 

Study drug (abciximab) 1.79 5.11 0.02 6.02 1.27-28.53 

LAD location (proximal) 1.59 3.69 0.05 4.89 1.0-24.68 

Constant 0.87 2.42 0.12 2.38  

For each variable in the equation: coefficient (β), Wald statistic, significance, estimated odds ratio (exp (β)), 

confidence interval for exp (β). 

Variables excluded: age <65 years, male sex, diabetes, smoking status, hypertension, hyperlipidaemia, time 

from pain to balloon <180 min, time from door to balloon <120 min, predilation, thrombus aspiration, Rentrop 

collaterals 2-3. CI: confidence interval; LAD: left anterior descending artery; TMPG: Thrombolysis In 

Myocardial Infarction myocardial perfusion grade 

 



 

Supplementary Table 4. Multivariate linear regression analysis in relation to infarct 

size (as absolute mass).   

Variables included r R2 change β 95% CI for β p-value 

LVEF echo on 

discharge (%) 

-0.52 0.27 -0.40 -0.75 - -0.06 0.02 

CK, peak level 

(µmol/(s*L)) 

0.50 0.07 0.002 0.001 - 0.004 0.04 

Constant   37.32 15.19 - 59.45 0.002 

Total  0.34    

For each variable in the equation: Pearson´s correlation coefficient (r), R2 change, 

coefficient (β), confidence interval for exp (β), and 2-tailed significance. Variables 

excluded from the equation: study medication, age, sex, diabetes, smoking status, time 

from pain to balloon, time from door to balloon, peak troponin level, ST-segment 

resolution, LAD lesion location, thrombus aspiration, predilation, Rentrop collaterals, 

and TMPG on 48-hr angiography.  

Regression equation: Infarct size (grams) = 37.32 -0.40*(LVEF percent) + 0.002*(peak 

CK level). 

CI: confidence interval; CK: creatine kinase; LAD: left anterior descending artery; LVEF 

echo: left ventricle ejection fraction on echocardiography (before hospital discharge); 

TMPG: Thrombolysis In Myocardial Infarction myocardial perfusion grade 

 



 

Supplementary Table 5. Multivariate linear regression analysis in relation to infarct size (as a percentage of LV).   

Variables included r R2 change β 95% CI for β p-value 

CK, peak level (µmol/(s*L)) 0.50 0.25 0.003 0.001-0.004 <0.01 

Constant   10.19 5.31-15.08 <0.01 

Total  0.25    

For each variable in the equation: Pearson´s correlation coefficient (r), R2 change, coefficient (β), confidence interval for 

exp (β), and 2-tailed significance. Variables excluded: study medication, age, gender, diabetes, smoking status, time from 

pain to dilation, time door to dilation, peak troponin level, ST-segment resolution, LAD lesion location, thrombus aspiration, 

balloon predilation, Rentrop collaterals, Thrombolysis In Myocardial Infarction myocardial perfusion grade (TMPG) on 48-

hr angiography, and LVEF echo.  

Regression equation: Infarct size (percentage of LV) = 10.19 +0.003*(peak CK level). 

CI: confidence interval; CK: creatine kinase; LAD: left anterior descending artery; LV: left ventricle; LVEF echo: left 

ventricle ejection fraction on echocardiography before hospital discharge 

 



 

Supplementary Table 6. Clinical outcomes and safety data at 30 days.  

 IC tenecteplase 

(n=38) 

IC abciximab 

(n=38) 

p-value 

MACCE  5 (13.2) 2 (5.3) 0.22 

     Death   3 (7.9) 1 (2.6)  

     Reinfarction 1 (2.6) 0  

     Stroke 0 0  

     Urgent revascularisation* 2 (5.3) 1 (2.6)  

Stent thrombosis, definite or probable 3 (7.9) 1 (2.6) 0.61 

     Acute, <24 hrs 0 0  

     Subacute (definite), 1-30 d 2 (5.3) 0  

     Subacute (definite or probable), 1-30 d 3 (7.9) 1 (2.6)  

Major bleeding† 1 (2.6) 3 (7.9) 0.61 

     Intracranial haemorrhage 0 0  

     Cardiac tamponade 0 1 (2.6)  

     Other major bleeding 1 (2.6) 2 (5.3)  

Other events 4 (10.6) 4 (10.6) 1.0 

     Femoral pseudoaneurysm‡  2 (5.3) 1 (2.6)  



     Apical thrombus 2 (5.3) 1 (2.6)  

     Thrombocytopaenia (<50.000 cells/mm3) 0 2 (5.3)  

Values expressed as n (%). All differences were not significant.  

* One case of urgent revascularisation in IC-tenecteplase manifested clinically as reinfarction, 

and one subclinically.  

† All major bleeding events were non-fatal.  

‡ All were managed with manual compression or local thrombin injection.   

IC: intracoronary; MACCE: major adverse cardiac and cerebrovascular events 

 

 



Supplementary Table 7. Ongoing clinical trials on intracoronary reduced dose of lytic therapy during primary PCI (PPCI).   

Trial name Trial identifier Start 

date 

Planned 

enrolment  

(Nº patients) 

Study design Study drug Main exclusion criteria Primary 

endpoint 

Status 

T-TIME1 NCT02257294 03-

2016 

440 (actual 

enrolment - 

last update) 

Phase 2, 

double-blind, 

placebo 

control, 3 

arms 

Alteplase 

2 arms  

(10 mg/ 

20 mg) 

Cardiogenic shock, 

symptom onset >6 hrs, 

TIMI 3 flow (baseline), 

prior MI in culprit artery, 

TIMI thrombus grade 

<2, contraindication to 

MRI 

Amount of MVO  

(% of LV)  

(MRI at 2-7 days) 

Active,  

not 

recruiting 

STRIVE1 NCT03335839 04-

2018 

200 (estimated 

enrolment – 

last update) 

Phase 3, 

double-blind, 

placebo 

control, 3 

arms 

Alteplase 

2 arms  

(10 mg/ 

20 mg) 

Cardiogenic shock, 

symptom onset >12 hrs, 

TIMI thrombus grade  

<3 

Post-procedural 

MBG 0/1 or distal 

embolisation 

Active,  

not 

recruiting 

RESTORE-

MI2 

ACTRN 

1261800077828

0 

06-

2018  

800 

(estimated) 

Phase 3, 

double-blind, 

placebo 

control, 2 

arms 

Tenecteplase 

(reduced 

dose) 

Symptom onset >12 hrs, 

IMR <32, prior MI in 

target territory, prior 

bypass surgery, 

contraindication to 

adenosine for IMR 

measurement 

CV mortality, 

rehospitalisation 

for HF  

(24 months) 

Not yet 

recruiting 

OPTIMAL1 NCT02894138 09-

2016 

80  

(estimated) 

Pilot study, 

phase 3, 

double-blind, 

placebo 

control, 2 

arms 

Alteplase  

20 mg 

Symptom onset 12 hrs, 

IMR <30, prior EF 

<30%, prior PCI in 

culprit artery, 

contraindication to MRI 

and adenosine  

Ratio of infarct 

size to area at risk 

(MRI at 3 

months) 

Unknown 

Data obtained from the web pages: (1) https://clinicaltrials.gov; and (2) http://www.anzctr.org.au, as of January 7th, 2019. Results are not yet available. 

CV: cardiovascular; EF: ejection fraction; HF: heart failure; IMR: index of microcirculatory resistance; MBG: myocardial blush grade; MRI: magnetic 

resonance imaging; MVO: microvascular obstruction; PCI: percutaneous cardiovascular intervention; TIMI: Thrombolysis In Myocardial Infarction 
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