
Can J Cardiol Vol 25 No 3 March 2009 141

Systematic review of fibrinolytic-facilitated 
percutaneous coronary intervention: Potential 

benefits and future challenges
Jonathan Afilalo MD, Arup Michael Roy MD, Mark J Eisenberg MD MPH

Department of Medicine, Divisions of Cardiology and Clinical Epidemiology, Sir Mortimer B Davis Jewish General Hospital, McGill University, Montreal, 
Quebec

Correspondence: Dr Mark J Eisenberg, 3755 Cote Ste-Catherine Road, Suite A-118, Montreal, Quebec H3T 1E2. Telephone 514-340-8222 ext 3564, 
fax 514-340-7564, e-mail meisenberg@epid.jgh.mcgill.ca

Received for publication September 6, 2006. Accepted March 4, 2007

Primary percutaneous coronary intervention (PCI) has been shown 
to be superior to fibrinolytic therapy for the treatment of  ST seg-

ment elevation myocardial infarction (STEMI) (1). However, primary 
PCI is suboptimal when there are prolonged delays for interhospital 
transfer or resource mobilization. Facilitated PCI is defined as the 
administration of fibrinolytic therapy and/or glycoprotein (GP) IIb/IIIa 
inhibitors while waiting for PCI. The rationale is to open infarct- 
related arteries (IRAs) as soon as possible, minimize myocardial isch-
emia time and, thus, salvage at-risk myocardium. Despite the theoretical 
benefits, randomized controlled trials have failed to support the clinical 

benefits of this strategy. These trials varied substantially in terms of 
facilitating regimens, timing of fibrinolysis, timing of PCI, and coad-
ministered antiplatelet or antithrombin therapies. A recent meta-
analysis (2) showed that facilitated PCI was associated with increased 
short-term mortality, reinfarction, major bleeding and stroke. Although 
the results of this meta-analysis were unequivocally negative, a system-
atic review may be better suited to address these heterogeneous and 
complex trials. Our objective was to systematically review trials of 
fibrinolytic-facilitated versus nonfacilitated PCI, and determine when 
this strategy may be beneficial and deserving of further research.
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BACKGROUND: Facilitated percutaneous coronary intervention (PCI) 
is defined as the administration of fibrinolytic therapy and/or glycoprotein 
(GP) IIb/IIIa inhibitors to minimize myocardial ischemia time while wait-
ing for PCI. A pooled meta-analysis suggested that facilitated PCI was 
associated with higher rates of mortality and morbidity compared with 
nonfacilitated PCI.
OBJECTIVE: The heterogeneous and complex trials of facilitated PCI 
were systematically reviewed to identify where this strategy may be benefi-
cial and deserving of further research.
METHODS: MEDLINE, EMBASE, the Cochrane database, the Internet 
and conference proceedings were searched to obtain relevant trials. 
Human studies that randomly assigned patients to fibrinolytic-facilitated 
PCI (administration of fibrinolytic therapy alone or in combination with 
GP IIb/IIIa inhibitors before angiography) versus nonfacilitated PCI were 
included.
RESULTS: Nine trials encompassing 3836 patients were reviewed. The 
facilitated PCI strategy was fibrinolytic therapy alone in seven trials and 
half-dose fibrinolytic therapy plus GP IIb/IIIa inhibitors in two trials. In 
patients who had fibrinolysis less than 2 h after symptom onset (mainly 
in the prehospital setting) and/or slightly delayed PCI 3 h to 24 h after 
fibrinolysis, facilitated PCI was associated with the greatest Thrombolysis 
In Myocardial Infarction (TIMI) grade 3 flow and a trend toward 
reduced mortality. Overall, facilitated PCI was associated with increased 
intracranial hemorrhage and reinfarction. Combining half-dose fibrin-
olytic therapy and GP IIb/IIIa inhibitors reduced reinfarction but 
increased major bleeding.
CONCLUSIONS: Facilitated PCI cannot be recommended outside of 
experimental protocols at this time. Further research should focus on 
selecting patients with higher benefit-to-risk ratios and performing prehos-
pital fibrinolysis with optimal antiplatelet or antithrombin therapy, as well 
as slightly delayed PCI in patients who are stable or geographically 
removed from PCI facilities.
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Myocardial infarction; Thrombolysis

Une analyse systématique de l’ICP facilitée par 
une thérapie fibrinolytique : Les bienfaits 
potentiels et les futurs problèmes

HISTORIQUE : L’intervention coronarienne percutanée (ICP) facilitée 
désigne l’administration d’une thérapie fibrinolytique ou des inhibiteurs de la 
glycoprotéine (GP) IIb/IIIa pour réduire au minimum le temps d’ischémie 
myocardique dans l’attente d’une ICP. Selon une méta-analyse groupée, l’ICP 
facilitée s’associait à des taux plus élevés de mortalité et de morbidité que l’ICP 
non facilitée.
OBJECTIF : Les essais hétérogènes et complexes de l’ICP facilitée ont fait 
l’objet d’un examen systématique pour repérer en quoi cette stratégie peut être 
bénéfique et digne d’intérêt dans le cadre de recherches plus approfondies.
MÉTHODOLOGIE : Les auteurs ont fait des recherches dans les bases de 
données MEDLINE, EMBASE et de la bibliothèque Cochrane, Internet et les 
comptes rendus de congrès pour trouver les essais pertinents. Ils ont inclus des 
essais sur des humains dans lesquels on avait réparti des patients de manière 
aléatoire entre l’ICP facilitée par une thérapie fibrinolytique (administration 
de la thérapie fibrinolytique seule ou en association avec des inhibiteurs de la 
GP IIb/IIIa avant l’angiographie) et l’ICP non facilitée.
RÉSULTATS : Les auteurs ont passé en revue neuf essais portant sur 
3 836 patients. Sept essais privilégiaient la stratégie d’ICP facilitée par thérapie 
fibrinolytique seule, tandis que deux portaient sur une demi-dose de thérapie 
fibrinolytique associée à des inhibiteurs de la GP IIb/IIIa. Chez les patients qui 
présentaient une fibrinolyse moins de deux heures après l’apparition des 
symptômes (surtout avant l’hospitalisation) ou un léger report de l’ICP de trois 
à 24 heures après la fibrinolyse, l’ICP facilitée était reliée à la meilleure 
thrombolyse dans l’infarctus du myocarde (TIMI) avec débit de grade 3 et à 
une tendance vers une réduction de la mortalité. Dans l’ensemble, l’ICP 
facilitée s’associait à un accroissement des hémorragies intracrâniennes et des 
nouveaux infarctus. L’association d’une demi-dose de thérapie fibrinolytique et 
d’inhibiteurs de la GP IIb/IIIa réduisait le nombre de nouveaux infarctus, mais 
accroissait le nombre de graves hémorragies.
CONCLUSIONS : Pour l’instant, l’ICP facilitée ne peut être recommandée 
hors des protocoles expérimentaux. Des recherches devraient porter sur la 
sélection de patients aux ratios plus élevés entre les avantages et les risques 
et sur la fibrinolyse préhospitalière avec thérapie antiplaquettaire ou 
antithrombotique optimale, ainsi que sur un léger report de l’ICP chez des 
patients stables ou habitant loin des installations d’ICP.



Afilalo et al

Can J Cardiol Vol 25 No 3 March 2009142

METHODS
MEDLINE, EMBASE and the Cochrane database were searched from 
their respective inceptions to 2006 to identify published randomized 
controlled trials of fibrinolytic-facilitated PCI versus nonfacilitated 
PCI. Search terms included ‘myocardial infarction’, ‘fibrinolytic 
agents’, ‘thrombolytic therapy’, ‘tissue plasminogen activator’, 
‘streptokinase’, ‘alteplase’, ‘reteplase’, ‘tenecteplase’, ‘percutaneous 
transluminal coronary angioplasty’, ‘randomized controlled trials’, 
‘clinical trials’, ‘randomized’, ‘facilitated’ and ‘percutaneous coronary 
intervention’. Abstracts from cardiology conferences, references from 
retrieved publications, as well as the Internet (www.clinicaltrials.gov, 
www.clinicaltrialresults.com, www.theheart.org, www.medscape.com), 
were also searched to identify unpublished trials. Furthermore, inves-
tigators were contacted to obtain additional information on ongoing 
and completed trials. Human studies in English and French were 
included.

Facilitated PCI was defined as the administration of fibrinolytic 
therapy alone or in combination with GP IIb/IIIa inhibitors before 
planned angiography and PCI if indicated. Nonfacilitated PCI was 
defined as planned angiography and primary PCI if indicated without 
the use of fibrinolytic therapy. Because primary PCI has been shown to 
be superior to fibrinolytic therapy, the objective of the present study 
was to determine whether facilitated PCI was superior to nonfacili-
tated PCI. Trials of facilitated PCI versus fibrinolytic therapy alone 
were therefore excluded because they did not address the research 
question. The search identified 605 studies, 150 of which were ran-
domized controlled trials. Based on the titles and abstracts, 38 trials 
were retrieved for detailed evaluation. Nine trials met the prespecified 
inclusion criteria and are reviewed in the present systematic review. 
The Quality Of Reporting Of Meta-analyses flow diagram, as shown in 
Figure 1, outlines the process of including and excluding potentially 
relevant trials.

Data were extracted in duplicate by two investigators and verified 
independently by a third investigator. Disagreements were resolved by 
consensus. The following study variables were extracted: inclusion 
and exclusion criteria, number of patients, baseline characteristics, 
reperfusion time delays, facilitating regimens and cointerventions. 
The following outcome measures were extracted: mortality, reinfarc-
tion, need for reintervention, major adverse cardiac events (MACE), 
congestive heart failure, cardiogenic shock, infarct size, left ventricu-
lar ejection fraction (LVEF), Thrombolysis In Myocardial Infarction 
(TIMI) grade 3 flow at and after initial angiography, TIMI blush score, 
ST segment resolution, stroke, intracranial hemorrhage, major bleed-
ing and transfusion requirements. Predetermined and post hoc sub-
group analyses were explored in detail to detect confounding variables, 

effect modifiers and clinical scenarios in which facilitated PCI may be 
beneficial.

IRA patency was assessed according to the TIMI flow score (3), 
which has been used extensively in clinical trials. The TIMI flow 
score is divided into four grades: grade 0 appears as no flow beyond 
the  occlusion; grade 1 appears as slow flow beyond the occlusion, but 
the contrast fails to opacify the entire distal coronary bed; grade 2 
appears as slowed passage and clearance of contrast distal to the 
occlusion; and grade 3 appears as rapid passage of contrast distal to 
the occlusion. Microvascular blood flow was assessed according to 
the TIMI blush score. The TIMI blush score is an indicator of myo-
cardial perfusion and microvascular blood flow, which has been 
shown to be additive to indicators of macrovascular blood flow such 
as the TIMI flow score (4).

RESULTS
PCI facilitated by fibrinolytic therapy alone
Fibrinolytic agents exert their effect by cleaving the Arg560-Val561 
bond of plasminogen to generate the active enzyme plasmin (5). 
These agents have been expanded from primary reperfusion agents to 
facilitating reperfusion agents. In the era of intracoronary stents, 
fibrinolysis followed by routine early PCI has been shown to be supe-
rior to fibrinolysis followed by conservative management (6,7). It is 
less clear whether fibrinolysis followed by immediate or early PCI is 
superior to direct primary PCI. Tables 1 through 4 summarize the trials 
addressing this issue (seven trials of PCI facilitated by fibrinolytic 
therapy alone and two trials of PCI facilitated by half-dose fibrinolytic 
therapy plus GP IIb/IIIa inhibitors).

The seven trials of PCI facilitated by fibrinolytic therapy alone 
encompassed 3435 patients, who were predominantly male, with a 
mean age of 57 to 63 years. The proportion of myocardial infarctions 
involving the anterior territory was 37% to 51%. Patients in cardio-
genic shock were excluded or poorly represented in most trials. The 
fibrinolytic agent used was streptokinase in two trials (8,9), alteplase 
(rt-PA) in two trials (10,11) and tenecteplase (TNK) in three trials 
(12-14). In the ASSENT-4 and WEST studies (study acronyms are 
spelled out in Appendix 1), 20% and 40% of patients were enrolled in 
the prehospital setting, respectively. Patients were excluded if PCI 
could be performed less than 1 h after random assignment. In the 
LIMI and PRAGUE-1 studies, all patients were enrolled in non-PCI-
capable hospitals and transferred to PCI-capable centres. Their maxi-
mum travel time was 60 min and their mean travel times were 20 min 
and 37 min, respectively. Both required transport to be available less 
than 1 h after random assignment.

Time from fibrinolytic therapy to PCI (needle-to-balloon time) 
varied substantially among trials and may account for the heteroge-
neous outcomes observed. Five trials performed facilitated PCI at 
the earliest possible time, achieving needle-to-balloon times of 
31 min to 104 min. Two trials, GRACIA-2 and WEST, performed 
facilitated PCI in a slightly delayed fashion, achieving needle-to-
balloon times of approximately 300 min (3 h to 12 h after fibrinoly-
sis in the former and less than 24 h after random assignment in the 
latter). In the case of failed ST segment resolution or hemodynamic 
or electrical instability, rescue PCI was performed without delay. 
Nonfacilitated PCI was performed at the earliest possible time (less 
than 3 h after random assignment). Interestingly, ASSENT-4 also 
intended on performing facilitated PCI in a slightly delayed fashion 
(at least 90 min after random assignment), but the Food and Drug 
Administration believed that it would be unethical and mandated 
earlier PCI.

The impact of needle-to-balloon time is seen by comparing 
ASSENT-4 with GRACIA-2. These trials had similar patient popula-
tions and facilitating regimens (full-dose TNK), but dissimilar needle-
to-balloon times and observed outcomes. TIMI-3 flow was lower in 
ASSENT-4 (43% versus 67%), corresponding to the shorter needle-
to-balloon time (104 min versus 300 min). TIMI-3 flow was lowest in 
PACT (33%), corresponding to the shortest needle-to-balloon time 

Figure 1) The Quality Of Reporting Of Meta-analyses flow diagram. PCI 
Percutaneous coronary intervention; RCTs Randomized controlled trials



(49 min). The risk of major bleeding was 5.6% to 10.0% in the five 
 trials performing facilitated PCI at the earliest possible time compared 
with 1.9% to 2.0% in the two trials performing it after a slight delay. 
Thus, shorter needle-to-balloon time was associated with decreased 
TIMI-3 flow at initial angiography and increased major bleeding in 
patients receiving facilitated PCI.

Conversely, shorter symptom onset-to-needle time was associated 
with a trend toward reduced mortality in patients receiving facilitated 
PCI. In PRAGUE-1, patients enrolled less than 2 h after symptom 
onset had a 4.4% reduction in cardiac mortality with facilitated PCI 
compared with nonfacilitated PCI (3.4% versus 7.8%; RR 0.44, 95% 
CI 0.08 to 2.30). In ASSENT-4, patients enrolled in the prehospital 
setting had a trend toward reduced mortality with facilitated PCI 
compared with nonfacilitated PCI (3.1% versus 4.1%; RR 0.74, 95% 
CI 0.24 to 2.30). The risk of mortality was lowest in WEST (1% versus 
1%; RR 0.96, 95% CI 0.06 to 15.16), which had the largest proportion 
of patients enrolled and treated in the prehospital setting. The marked 
impact of symptom onset-to-needle time is shown in Figure 2.

These provocative results should not be interpreted definitively 
because these trials had small sample sizes and were underpowered to 
detect differences in mortality. The largest trial to-date, ASSENT-4, 
enrolled 1667 of a planned 4000 patients before being prematurely 
terminated because of increased in-hospital mortality with facilitated 
PCI. The increased in-hospital mortality was no longer significant 
when 90-day follow-up became available. At 90 days, there were 
55 deaths with facilitated PCI and 41 deaths with primary PCI. 
Remarkably, 24 of the 55 facilitated PCI deaths were reported in two 
of the 24 participating countries. The details surrounding the two 
countries have not yet been elucidated.

Antiplatelet and antithrombin therapies varied within and 
among trials. In ASSENT-4 and GRACIA-2, facilitated PCI 
patients did not receive GP IIb/IIIa inhibitors (except in ‘bail-out’ 
situations), whereas nonfacilitated PCI patients received GP IIb/IIIa 
inhibitors at the discretion of the treating physicians. In WEST, 
facilitated PCI patients did not receive clopidogrel, whereas all 
nonfacilitated PCI patients received clopidogrel in the emergency 
room. Patients randomly assigned to facilitated PCI received half-
dose unfractionated heparin in LIMI, no unfractionated heparin in 
PRAGUE-1 and a reduced bolus with no infusion in ASSENT-4. 
The conservative use of antiplatelet and antithrombin therapies 
may be responsible for the heightened risk of reinfarction with 
facilitated PCI.

The negative effects of facilitated PCI on intracranial hemor-
rhage and reinfarction were consistent across trials. The risk of 
intracranial hemorrhage was 0.0% to 2.7% with facilitated PCI and 
0.0% to 0.3% with nonfacilitated PCI. This was statistically signifi-
cant in ASSENT-4, and was the second leading cause of death 
(occurring in facilitated PCI patients only). The risk of reinfarction 
was 2.0% to 7.0% with facilitated PCI and 1.0% to 3.7% with non-
facilitated PCI. In addition, facilitated PCI had no effect on the 
following surrogate end points: ST segment resolution at 60 min 
(GRACIA-2 [12], ADVANCE MI [15]), infarct size (GRACIA-2, 
BRAVE [16]),  convalescent LVEF (SANI [8], PACT [10], PRAGUE-1 
[17], GRACIA-2, BRAVE [16]), exercise stress test performance 
(PACT [10]) or MACE up to one year of  follow-up (LIMI [11], 
PACT [10], PRAGUE-1 [18]).

In WEST, facilitated PCI did improve enzymatic infarct size mea-
sured by peak creatine kinase (1590 U versus 1833 U, P=0.045), 
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TAble 1
Characteristics of trials using fibrinolytics alone for facilitated percutaneous coronary intervention (PCI)

SANI (8) lIMI (11) PACT (10) PRAGUe-1 (9) ASSeNT-4 (14) GRACIA-2 (12)  WeST (13) 
 1992 1999 1999 2000 2006 2007 2006

Study design

Participants, n 122 224 606 300 1667 212 304
Age, years (mean ± SD) 57±10 59±12 58±10 62±12 61±12.1 63±13 58 (IQR 50–69)
Female sex, % 17 19 21 28 23 19 20
Anterior territory, % 44 36 37 51 48 47 40
Facilitated PCI (Fac) Full-dose  Full-dose rt-PA + Variable dose  Full-dose SK +  Full-dose  Full-dose  Full-dose  
 SK + PCI transfer for PCI rt-PA + PCI transfer for PCI TNK + PCI TNK + PCI TNK + PCI
Nonfacilitated PCI (Nonfac) Placebo + PCI Transfer for PCI Placebo + PCI Transfer for PCI PCI PCI Clopidogrel + PCI

Time delays Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac

Symptom-to-randomization, 69 83 140 130 84 84 127 135 140* 135* 191 192 114† 100†

   min (median)
Randomization-to-drug, 91 – 10 – 49 – 25 – 10 – N/R – 16 – 
   min (median)
Drug-to-angiography, 31 – 90 – 49 – 68 – 104 – N/R – 295 – 
   min (median)
Randomization-to- 121 116 100 85 98 98 93 80 115 107 353 65 311 76 
   angiography, min (median)

Concomitant therapies Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac

Acetylsalicylic acid All All All All All All All All All All 89% 91% All All

Heparin 10,000 U 10,000 U 5000 U 10,000 U 5000 U + 5000 U +  Fraxiparin 10,000 U +  60 U/kg  70 U/kg Enoxaparin ACT Enoxaparin Enoxaparin 
    infusion infusion  fraxiparin (max 4000 U)   350 s – 450 s   (no bolus)

Intracoronary stents 0 If suboptimal PCTA 26% If suitable 81%–86% 96% 98% 97%
Thienopyridines post-PCI None None MD MD None None All  All  87% 91% 91% All stents All 
   choice choice   (ticlopidine)  (ticlopidine)

GP IIb/IIIa inhibitors post-PCI None None None None 5% 5% None None 13% 50% 25% 91% 48% 97%

*Symptom-to-randomization time by site of randomization – PCI hospital, 160 min; non-PCI hospital, 130 min – 135 min; and ambulance, 105 min; †Symptom-to-
randomization time by site of randomization – in-hospital (60%–63% of patients), 125 min – 135 min; prehospital (37%–40% of patients), 72 min – 76 min. ACT 
Activated clotting time; GP Glycoprotein; IQR Interquartile range; max Maximum; MD Medical doctor; N/R Not reported; PTCA Percutaneous transluminal coronary 
angioplasty; rt-PA Alteplase; SK Streptokinase; TNK Tenecteplase



N-terminal pro-B-type natriuretic peptide at 72 h (P=0.092) and QRS 
score on the discharge electrocardiogram. These data were strength-
ened by a trend toward reduced congestive heart failure at 30 days 
(14.4% versus 18.0%; RR 0.80, 95% CI 0.43 to 1.50) and reduced 
cardiogenic shock at 30 days (3.8% versus 7.0%; RR 0.55, 95% CI 
0.17 to 1.82). In PACT, the potential for myocardial salvage with 
efficacious fibrinolysis was also seen. When TIMI-3 flow at initial 
angiography was successfully achieved, facilitated PCI improved con-
valescent LVEF by 4.5% (62.4% versus 57.9%, P=0.004).

PCI facilitated by half-dose fibrinolytic therapy plus GP IIb/IIIa 
inhibitors
By lysing fibrin, fibrinolysis exposes thrombin particles, which stimu-
late platelet activation and aggregation. Activated platelets release 
plasminogen activator inhibitor-1, which inhibits endogenous 
 fibrinolysis (19). Moreover, platelet-rich clots are inherently resistant 
to fibrinolysis, and experimental models have shown that concomi-
tant GP IIb/IIIa inhibition accelerates clot lysis threefold (20). Thus, 
GP IIb/IIIa inhibitors act synergistically to increase the efficacy of 
fibrinolysis and counteract its prothrombotic properties.

GUSTO V and ASSENT-3 trials compared half-dose fibrinolytic 
therapy plus abciximab with full-dose fibrinolytic therapy (without 
routine PCI) (21-24). Combination pharmacotherapy was associated 
with a 2% decrease in reinfarction, no difference in mortality up to 
one year and a 2% increase in major bleeding. These findings were 
consistent with a meta-analysis (25) of abciximab administered before 
reperfusion therapy. In the current era of primary PCI, two trials 
 re-evaluated combination pharmacotherapy with routine PCI.

In BRAVE (16), 253 patients were randomly assigned to half-
dose reteplase (r-PA) plus abciximab followed by angiography, or 

 abciximab alone followed by angiography. Seventy-four per cent of 
patients were enrolled at non-PCI-capable hospitals and were trans-
ferred for PCI at a mean transport time of 35 min. TIMI-3 flow at 
initial angiography was greater in patients who received r-PA plus 
abciximab (40%) compared with patients who received abciximab 
alone (18%). When patients presenting 6 h to 12 h after symptom 
onset were excluded, TIMI-3 flow with half-dose r-PA plus abciximab 
was 50%. Scintigraphic infarct size, the primary outcome measure, was 
similar regardless of reperfusion strategy. Post hoc analyses suggested 
that the study may have been underpowered to detect true differences 
between groups.

ADVANCE MI (15) was similarly underpowered when study 
sponsors prematurely terminated the trial after 148 of a planned 
5640 patients had been enrolled. The reason for the termination was 
insufficient enrolment. Patients were randomly assigned to half-dose 
TNK plus eptifibatide followed by angiography within 4 h, or placebo 
plus eptifibatide followed by angiography within 4 h. Combination 
pharmacotherapy was associated with a twofold increase in TIMI-3 
flow at initial angiography, but no change in TIMI blush score, no 
change in mortality or reinfarction, and a twofold increase in major 
bleeding. Intention-to-treat and per-protocol analyses provided com-
parable conclusions.

The FINESSE trial (26) was published after the present systematic 
review had been completed. Like ADVANCE MI, study sponsors pre-
maturely terminated the trial after 2452 of a planned 3000 patients 
were enrolled due to insufficient enrollment and cost overruns. Based 
on the observation that the benefits of faster reperfusion were expo-
nentially greater among higher risk patients (27,28), the FINESSE trial 
targeted moderate-to-high risk patients, including those who were 
older than 75 years of age and excluding those who were younger than 
60 years of age with localized inferior infarctions (29). Patients were 
randomly assigned to half-dose r-PA plus abciximab, abciximab alone 
or placebo, each followed by angiography within 1 h to 4 h and PCI if 
indicated. The results of this trial were recently reported, globally 
showing no advantage of facilitated PCI over nonfacilitated PCI for 
reducing the composite end point of all-cause mortality, cardiogenic 
shock, heart failure or ventricular fibrillation (9.8% versus 10.7%; 
HR 0.91, 95% CI 0.67 to 1.23) leading to the commentary that “it is 
time to abandon the routine use of combination-facilitated PCI” (30).

DISCUSSION
TIMI-3 flow at initial angiography and observed outcomes
Facilitated PCI did not improve outcomes despite a (less than 
expected) increase in TIMI-3 flow at initial angiography. TIMI-3 flow 
at initial angiography has been shown to be a strong predictor of mor-
tality in trials of fibrinolytic therapy (4,31,32) and trials of primary 
PCI (33-35). However, improved TIMI-3 flow at initial angiography 
was not clinically correlated with improved outcomes in trials of 
facilitated PCI. We propose three potential explanations for the 
inconsistent relationship between TIMI-3 flow and observed out-
comes.

First, faster IRA patency was counterbalanced by increased rein-
farction (36). The combination of fibrinolysis followed by PCI cre-
ates a strongly prothrombotic environment, where reinfarction is 
more likely to occur. Fibrinolysis is associated with thrombin genera-
tion and platelet activation. PCI is associated with endothelial injury 
and implantation of foreign thrombogenic intracoronary stents. 
GP IIb/IIIa inhibitors (incompletely [37]) mitigate the prothrombotic 
effects of fibrinolytic therapy at the expense of increased major bleed-
ing. Clopidogrel may be an attractive alternative to GP IIb/IIIa 
inhibitors because it has been shown to reduce reinfarction without 
increasing major bleeding in patients treated with fibrinolytic therapy 
and subsequent PCI (38).

Second, the proportion of patients who had TIMI-3 flow with 
fibrinolytic therapy was lower than the expected 66% previously 
shown in TIMI-10B (39). GRACIA-2 and BRAVE included patients 
presenting 6 h to 12 h after symptom onset who were less likely to 
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TAble 2
Characteristics of trials using combination fibrinolytics 
and glycoprotein (GP) IIb/IIIa inhibitors for facilitated 
percutaneous coronary intervention (PCI)
Study design bRAVe (16) 2004 ADVANCe MI (15) 2005

Participants, n 253 148
Age, years (mean ± SD) 63 (N/R) 57 (N/R)
Female sex, % 24 25
Anterior territory, % 42 30
Fac PCI regimen Half-dose r-PA + Half-dose TNK + 
    abciximab + PCI eptifibatide + PCI
Primary PCI regimen Abciximab + Placebo + 
 PCI  eptifibatide + PCI

Time delays Fac Nonfac Fac Nonfac

Symptom-to- 130 140 150 132 
   randomization, min (median)
Randomization- 30 24 N/R N/R 
   to-drug, min (median)
Drug-to-angiography,  125 120 N/R N/R 
   min (median)
Randomization-to- 155 144 84 84 
   angiography, min (median)

Concomitant therapies Fac Nonfac Fac Nonfac

Acetylsalicylic acid All All All All
Heparin 60 U/kg 60 U/kg 40 U/kg + 40 U/kg +  
   infusion or  infusion or  
   enoxaparin enoxaparin
Intracoronary stents 92% 89%
Thienopyridines post-PCI All All All stents All stents
GP IIb/IIIa inhibitors post-PCI All All All All

Fac Facilitated PCI; N/R Not reported; Nonfac Nonfacilitated PCI; r-PA 
Reteplase; TNK Tenecteplase



reperfuse successfully with fibrinolytic therapy. PRAGUE-1 and 
SANI administered streptokinase, which is less effective than newer, 
fibrin-specific agents. Most trials performed PCI very soon after 
fibrinolytic therapy had been administered, not allowing sufficient 
time for reperfusion to occur. Inclusion of late-presenting patients, 
use of fibrin-nonspecific agents, and short time between fibrinolytic 
therapy and angiography may explain why TIMI-3 flow was gener-
ally sub-par.

Last, TIMI-3 flow was not correlated with microvascular reperfu-
sion, as reflected by TIMI blush score and ST segment resolution. The 
importance of achieving both macrovascular and microvascular reper-
fusion was shown in the TIMI STEMI database of fibrinolysis (40). 
Patients who achieved the ‘trifecta of reperfusion’ (TIMI-3 flow, 
TIMI-3 blush, and 70% or greater ST segment resolution) had a 0.9% 
risk of death or congestive heart failure, whereas patients who 
achieved none to two of the aforementioned had a 9.2% to 12.4% 
risk. TIMI-3 flow alone is an ‘angiographic snapshot’ (41,42) that 
tends to overestimate the efficacy of fibrinolytic therapy on down-
stream microvascular reperfusion (43,44).

Timing of fibrinolysis and subsequent PCI
The clinical benefits of reperfusion therapy are greatest when initiated 
less than 2 h after symptom onset (45). During this time, myocardial 
injury is reversible and manifests as intracellular edema (46). When 
initiated 2 h to 12 h after symptom onset, myocardial injury is irrevers-
ible and manifests as coagulation necrosis, with the wavefront phe-
nomenon of extension from central ischemic myocardium toward 
peripheral at-risk myocardium (47). In contrast with the early phase, 
mortality and myocardial salvage are influenced by time-independent 
(or ‘less dependent’) effects of reperfusion therapy, collateral circula-
tion, ischemic preconditioning and myocardial oxygen demand 
(41,48). Moreover, reperfusion therapy may be associated with adverse 
effects such as contraction band necrosis (caused by rapid influx of 
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TAble 3
Results of trials using fibrinolytics alone for facilitated percutaneous coronary intervention (PCI)

SANI (8) lIMI (11)  PACT (10) PRAGUe-1 (9) ASSeNT-4 (14) GRACIA-2 (12) WeST (13) 
 1992 1999 1999 2000  2006 2007 2006

 Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac Fac Nonfac

Angiographic outcomes

   TIMI-3 flow at initial angiography, % 19* 24* 58† 11† 33† 15† 30† 12† 43† 15† 67† 14† N/R N/R

   TIMI-3 flow after PCI, % 85 87 82 92 77 79 91 92 88 89 87  84  81 90

   TIMI blush score N/R N/R N/R N/R N/R N/R N/R N/R N/R N/R 2–3: 2–3: N/R N/R 
           55%† 17%†

   Left ventricular ejection fraction, % 51 51 N/R N/R 58 58 50 51 N/R N/R 59 56 N/R N/R

Clinical outcomes, %

   Mortality‡ 6.5 5.1 8.1§ 6.7§ 3.6 3.3 12.0§ 7.0§ 6.7¶ 4.9¶ 2.9 5.6 1.0 1.0

   Reinfarction N/R N/R 5.4 1.3 3.0 2.6 7.0 1.0 6.1† 3.7† 1.0 0.9 5.8 3.0

   Reintervention 10.3† 1.6† 23.0 8.0 7.3 7.2 7.0 6.9 6.6† 3.4† 6.7 6.5 N/R N/R

   Congestive heart failure N/R N/R N/R N/R N/R N/R 15.0 8.0 12.0 9.2 N/R N/R 14.4 18.0

   Major adverse cardiac events** N/R N/R 14.0 8.0 N/R N/R 15.0 8.0 18.6† 13.4† 9.6 12.0 24.0 23.0

Safety outcomes, %

   Any stroke N/R N/R 4.1 2.7 0.7 0.7 3.0 0 2.7† 0.1† 1.0 0.0 1.0 1.0

   Intracranial hemorrhage 1.7 0 2.7 0 0.3 0.3 1.0 0 1.1† 0.1† 1.0 0 0 0

   Major bleeding episode 10.0 0 0 0 8.5 8.2 7.2 0 5.6 4.4 1.9 2.8 1.9 1.0

   Transfusion requirement 39.0† 8.0† N/R N/R N/R N/R N/R N/R 6.2 4.2 N/R N/R N/R N/R

*SANI Thrombolysis In Myocardial Infarction (TIMI) grade 2 or 3 flow at intial angiography performed before streptokinase administration; †Significant difference 
P<0.05; ‡Mortality – LIMI: 42-day; PACT: 30-day; PRAGUE-1: 30-day; GRACIA-2: 45-day; ASSENT-4: 90-day; WEST: 30-day; §1-year mortality – LIMI: facilitated PCI 
(Fac) 9.5% versus nonfacilitated PCI (Nonfac) 12.0%; PRAGUE-1: Fac 12.0% versus Nonfac 13.0%; ¶ASSENT-4 mortality by site of randomization – PCI hospital: 
Fac 8.5% versus Nonfac 5.2%; Non-PCI hospital: Fac 5.3% versus Nonfac 4.8%; Ambulance: Fac 3.1% versus Nonfac 4.1%; **Major adverse cardiac events – LIMI: 
42-day death or reinfarction; PACT: 30-day death or reinfarction or stroke; GRACIA-2: 6-month death or reinfarction or repeat revascularization; ASSENT-4: 90-day 
death or congestive heart failure or cardiogenic shock; WEST: 30-day death or reinfarction or heart failure or cardiogenic shock or refractory ischemia or major ven-
tricular arrhythmias. N/R Not reported

TAble 4
Results of trials using combination fibrinolytics and 
glycoprotein IIb/IIIa inhibitors for facilitated percutaneous 
coronary intervention (PCI)
 bRAVe (16) ADVANCe MI (15) 
 2004 2005

 Fac Nonfac Fac Nonfac

Angiographic outcomes

   TIMI-3 flow at initial 40* 18* 41* 21* 
      angiography, %

   TIMI-3 flow after PCI, % 87 87 N/R N/R

   TIMI blush score Mean 2.4 Mean 3.1 2–3: 30% 2–3: 20%

   LVEF (ventriculogram), % 52 52 N/R N/R

Clinical outcomes, %

   Mortality† 1.6 1.6 6.8* 0.0*

   Reinfarction 0.8 0 1.4 2.7

   Reintervention 0.8 0 N/R N/R

   Congestive heart failure N/R N/R 6.8 1.4

   MACE‡ 6.4 4.7 12.2* 2.7*

Safety outcomes, %

   Any stroke 0.8 0 N/R N/R

   Intracranial hemorrhage 0.8 0 N/R N/R

   Major bleeding episode 5.6 1.6 14.9* 8.1*

   Transfusion requirement 3.2 0.8 N/R N/R

*Significant difference P<0.05; †Mortality – BRAVE: 30-day; ADVANCE MI: 
30-day; ‡Major adverse cardiac events (MACE) – BRAVE: 6-month mortality 
or reinfarction or stroke; ADVANCE MI: 30-day death or congestive heart 
failure or cardiogenic shock. Fac Facilitated PCI; LVEF Left ventricular ejec-
tion fraction; N/R Not reported; Nonfac Nonfacilitated PCI; TIMI-3 Thrombolysis 
In Myocardial Infarction grade 3



calcium into dying cells), reperfusion injury, intramural hemorrhage, 
iatrogenic coronary artery dissection and distal microvascular embo-
lization (49,50).

Administering fibrinolytic therapy less than 2 h after symptom 
onset, more readily accomplished in the prehospital setting, halts 
myocardial injury at the reversible stages. Subgroup analyses of pre-
hospital fibrinolysis from ASSENT-4 and early presenting patients 
from PRAGUE-1, support the findings of the  CAPTIM trial (51). In 
CAPTIM, 834 patients were randomly assigned to prehospital rt-PA 
and transfer versus direct transfer for primary PCI. Patients who 
received prehospital rt-PA less than 2 h after symptom onset had a 
3.5% absolute reduction in mortality. Because fibrinolytic therapy was 
not routinely followed by angiography, CAPTIM was not a trial of 
facilitated PCI per se.

Performing PCI 3 h to 24 h after fibrinolytic therapy allows suffi-
cient time for reperfusion to occur and for risks of bleeding complica-
tions to diminish. GRACIA-2 and WEST performed facilitated PCI in 
a slightly delayed fashion and had the lowest rates of mortality and 
bleeding complications. At the opposite end of the spectrum, 
ADVANCE MI performed facilitated PCI in a very rapid fashion, and 
the mortality was 6.8% with this approach compared with 0.0% with 
the nonfacilitated approach. In the context of facilitated PCI, achiev-
ing a rapid door-to-balloon time may not be advantageous if the patient 
is stable and there is no objective evidence of ongoing infarction.

The strategy of slightly delayed facilitated PCI used in GRACIA-2 
and WEST may be particularly relevant in nonurban centres that are 
geographically removed from PCI facilities. Although immediate trans-
fer for primary PCI has been shown to be superior to onsite fibrinolytic 
therapy in patients presenting to hospitals without PCI facilities, transfer 
delays never exceeded 3 h in these trials (52). Conversely, intrinsic trans-
portation delays often exceed 3 h in many remote Canadian regions (and 
in other regions of the world), making the strategy of slightly delayed 
facilitated PCI a tenable option deserving of further study.

CONCLUSIONS
Our systematic review offers promising insights into the heteroge-
neous and complex trials of fibrinolytic-facilitated PCI, as summarized 
in Figure 3. This strategy may be beneficial if fibrinolytic therapy is 
initiated less than 2 h after symptom onset (mainly in the prehospital 
setting), and if PCI is slightly delayed 3 h to 24 h after fibrinolytic 
therapy in stable patients or remote regions. Overall, facilitated PCI 
does not improve survival, and increases intracranial hemorrhage and 
reinfarction compared with nonfacilitated PCI. Combining half-dose 
fibrinolytic therapy and GP IIb/IIIa inhibitors reduces reinfarction, 
but increases major bleeding. As such, facilitated PCI cannot be rec-
ommended at this time outside of experimental protocols. Further 
research should focus on selecting patients with higher benefit-to-risk 
ratios, performing earlier fibrinolysis and later PCI (when appropri-
ate), and coupling reperfusion therapy with optimal antiplatelet and 
antithrombin therapy.
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Figure 3) Future challenges for facilitated percutaneous coronary interven-
tion (PCI). GP Glycoprotein; ICH Intracranial hemorrhage; TIMI-3 
Thrombolysis In Myocardial Infarction grade 3; vs Versus

Figure 2) The impact of early fibrinolysis. PCI Percutaneous coronary 
intervention

APPeNDIx 1
Study acronyms
ASSENT-4: Assessment of the Safety and Efficacy of a New Thrombolytic  
   Regimen – 4

ADVANCE MI: Addressing the Value of Facilitated Angioplasty after  
   Combination Therapy or Eptifibatide Monotherapy in Acute Myocardial  
   Infarction

BRAVE: Bavarian Reperfusion Alternatives Evaluation

CAPTIM: Comparison of Angioplasty and Prehospital Thrombolysis in Acute  
   Myocardial Infarction
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