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The first thing to remember when judging ST-seg-

ment elevation acute coronary syndrome (STEACS)

treatments is that the underlying mechanism is

usually the rupture or erosion of an atherosclerotic

plaque and consequent thrombus formation causing

complete coronary artery occlusion. Although clini-

cal consequences remain devastating, therapeutic

advances in recent decades have significantly redu-

ced mortality in acute myocardial infarction and im-

proved long-term prognosis and quality of life.1

In this situation, the initial fundamental priority

must be to combat arrhythmias and achieve rapid,

efficient restoration of epicardial and microvascu-

lar flow. Efficient, early myocardial reperfusion

at the onset of necrosis limits infarction size, re-

duces ventricular dysfunction and improves sur-

vival.2 Two established strategies achieve this:

drug therapy using thrombolytic agents, and me-

chanical intervention by primary angioplasty.

Both have advantages and disadvantages. In opti-

mal conditions, primary angioplasty appears more

efficient than thrombolysis in restoring coronary

flow and improving the clinical evolution of pa-

tients with STEACS.3 However, because of inhe-

rent logistic and technical limitations angioplasty

can be performed in only a small proportion of

patients with infarction.4-6 In contrast, intrave-

nous thrombolysis reduces short-term mortality

and is indicated in most patients with STEACS.7

Moreover, bearing in mind the current availabi-

lity of new, more easily administered thromboly-
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tic agents, the efficacy and application of drug re-

perfusion can be expected to grow substantially

in the near future. 

However, the use of thrombolysis is severely li-

mited: a) it entails a risk of bleeding with a 0.5%-

1% incidence of cerebral hemorrhage; b) the clini-

cal benefit depends greatly on early application and

is substantially reduced when evolution of the in-

farction surpasses 6 hours8; c) there is a high inci-

dence of partial or total failure of repermeabiliza-

tion9,10; and d) 5%-25% of patients with initially

successful reopening suffer reocclusion due to per-

sistent, significant residual stenosis.10-12

The advantages and disadvantages of these thera-

pies generated two distinct viewpoints on reperfu-

sion strategies in patients with infarction, denying

the existence of alternatives that lay between one

option and the other. This has led researchers to

question whether combining angioplasty with th-

rombolysis might provide a strategy as accessible as

thrombolysis and as efficient, or more so, than pri-

mary angioplasty. Thus, the concept of facilitated

angioplasty came into being.

DEFINITION

The correct definition of facilitated angioplasty

is early percutaneous repair of the culprit artery

(<12 hours) in routine (i.e. not rescue), planned

(i.e. not urgent) procedures, in patients with STE-

ACS treated initially with drug therapy to reopen

the artery.13 Thus, the most easily applied and ac-

cessible reperfusion technique to facilitate rapid

recovery of arterial flow is followed by angio-

plasty to open the artery, if it is not already open,

or eliminate residual stenosis and ensure long-

term arterial permeability. However, the term faci-

litated angioplasty has also been used to refer to

percutaneous procedures in patients with STEACS

performed after administering antithrombotic

agents such as glycoprotein IIb/IIIa inhibitors to



reduce risk and increase the efficiency of the pro-

cedure. This strategy should be distinguished from

so-called prognostic or elective angioplasty in

which systematized, percutaneous coronary proce-

dures are performed at 12 hours post-infarction in

patients initially treated with thrombolytic agents.

Therefore, the distinction between facilitated and

prognostic angioplasty is arbitrary and based prin-

cipally on a question of time.

We believe the term pharmacomechanical reper-

fusion should be used whenever an antithrombotic

drug regimen has been administered prior to angio-

plasty, and facilitated angioplasty should be reser-

ved for systematized angioplasty in patients initially

treated with thrombolysis.

ANTECEDENTS

Cardiac catheterization and systematized percuta-

neous procedures in patients with STEACS treated

with thrombolytic agents have been studied and dis-

cussed since the late 80s. At that time, prior to the

use of stents and glycoprotein IIb/IIIa inhibitors, or

thyenopyridines, results were disappointing. In

1989 and 1991, 2 randomized studies14,15 showed no

clinical benefit in patients with STEACS and ini-

tially treated with thrombolytic agents, randomized

to cardiac catheterization and cardiac procedures

performed between 18 hours and 7 days after th-

rombolytic treatment or a conservative ischemia-

guided treatment strategy. On the contrary, Barbash

et al,16 enrolled 201 patients with STEACS recei-

ving recombinant tissue plasminogen activator and

found that facilitated angioplasty at 5±2 days after

fibrinolytic therapy associated with 8.2% 10-month

mortality versus 3.8% (P=.15).16

These results gave rise to the clinical practice gui-

deline recommendation that cardiac catheterization

and systematized percutaneous procedures should

not be performed in patients with STEACS on th-

rombolytic treatment regimens unless they presen-

ted episodes or signs of ischemia during follow-up.

These disappointing results can be explained in

several ways. Residual post-thrombolysis stenosis

normally contains unstable thrombus and mechani-

cal manipulation of this with the balloon may cause

adverse effects such as thrombotic occlusion or dis-

section of the vessel. The presence of thrombus also

worsens restenosis, increasing neointimal hyperpla-

sia and favoring negative remodeling. In the pre-

stent era, the absence of benefits from this strategy

may have been due to logistics given the delay of

several days between thrombolytic treatment and

cardiac catheterization.

Recently, these questions motivated 2 studies that

again revealed the role of elective angioplasty (<24

hours) in the management of STEACS patients trea-

ted with thrombolysis.

The SIAM III study17 randomized 197 patients

with STEACS treated with reteplase to 2 strate-

gies: facilitated angioplasty within 6 hours of th-

rombolytic treatment or elective angioplasty at 2

weeks post-thrombolysis. All patients received

stent and glycoprotein IIb/IIIa inhibitor (abci-

ximab) was administered to 9.8% of patients in

the immediate stenting group and 16.0% of those

in the delayed stenting group. Immediate stenting

was associated with a reduction in the primary

composite endpoint (death, reinfarction, unstable

angina or revascularization) compared with dela-

yed stenting (25.6% vs 50.6%; P=.001).

The GRACIA 1 study18 was a randomized, mul-

ticenter clinical trial (20 centers in Spain and Por-

tugal participated) of 500 patients with STEACS

and thrombolytic treatment assigned either to co-

ronary angiography within 24 hours of thromboly-

sis followed by complete revascularization with

stent or surgery, or to conservative management

guided by detection of spontaneous or provoked

ischemia in post-infarction evaluation. The pri-

mary composite endpoint was 1-year incidence of

mortality, reinfarction, stroke, and ischemia-indu-

ced revascularization. In-hospital revasculariza-

tion guided by detection of spontaneous or provo-

ked ischemia in the conservative group was not

considered an event as it is standard in these pa-

tients. After enrolment, patients followed a strict

management regime according to clinical practice

guideline recommendations. Secondary preven-

tion followed an exhaustive protocol in both

groups. Indications for coronary angiography and

revascularization in patients managed conservati-

vely were strictly based on American Heart Asso-

ciation, American College of Cardiology and Spa-

nish Society of Cardiology guidelines. In the

intervention group, unfractionated heparin admi-

nistration was suspended immediately after angio-

graphy. In patients randomized to intervention the

use of glycoprotein IIb/IIIa inhibitors was optio-

nal but recommended in the presence of complete

occlusion of the culprit lesion or lesions with an-

giographic signs suggesting the presence of th-

rombus. At 30 days, the primary endpoint was si-

milar in both intervention and conservative groups

(4.8% and 6%, respectively) with no differences

in major bleeding or vascular complications. Hos-
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pitalization was significantly shorter in patients

randomized to intervention (7±6 vs 11±6 days;

P=.001). At 12 months, the composite endpoint

(death, infarction, or need for revascularization)

was observed in 23 (9%) patients randomized to

intervention compared to 51 (21%) in the conser-

vative group (hazard ratio [HR], 0.44; 95% confi-

dence interval [CI], 0.28-0.70; P=.001). At fo-

llow-up, the incidence of death or reinfarction was

7% versus 12%, respectively (HR=0.60; 95% CI,

0.34-1.06; P=.07). 

In conclusion, GRACIA 1 clearly shows that

routine early stenting in patients with STEACS

and treated with fibrinolysis is feasible and safe,

and improves clinical evolution in the following

12 months. This study also provides information

on flow and myocardial perfusion parameters

which are relevant to clinical evolution. Coronary

angiography was performed 17±6 hours after th-

rombolysis in 252 patients randomized to inter-

vention and 27% of these received glycoprotein

IIb/IIIa inhibitors. Epicardial flow in the culprit

artery was TIMI 3 (80%) or TIMI 2 (10%), TIMI

1 (4%), and TIMI 0 (6%). Only 30% had TIMI

myocardial perfusion (TMP) 3 or TMP 2 (8%).

Of note, patients with epicardial TIMI 0 or 1 flow

had a worse evolution at 1-year follow-up than

patients with TIMI 2 or 3 flow. In these sub-

groups, mortality was 20% and 2%, respectively

(P<.001) and the combined incidence of death or

reinfarction was 25% and 6% (P<.009). Severely

affected myocardial perfusion had a similar ef-

fect. Patients with TMP 0-1 presented a 12% inci-

dence of mortality or reinfarction at 1 year versus

1.4% in those with TMP 2-3. Interestingly, flow

variables clearly improved after stenting but this

did not correlate with mortality or reinfarction at

follow-up. These data clearly stimulate interest in

improving variables of epicardial and myocardial

perfusion of isolated thrombolysis, and in the

possible role of routine administration of glyco-

protein IIb/IIIa inhibitors in this context.

Finally, subgroup analysis in GRACIA 1 sho-

wed that an invasive reperfusion strategy in acute

myocardial infarction benefits high risk patients

more, exactly like in non-ST segment elevation

acute coronary syndrome. At 1 year, there was a

93% reduction in the incidence of the composite

endpoint in patients with diabetes randomized to

intervention compared with those treated conser-

vatively (3.2% vs 30.3%, respectively; HR=0.07;

95% CI, 0.01-0.58; P=.01). Similarly, older pa-

tients in the intervention group presented a 78%

reduction in the composite endpoint compared

with the conservative group (8.3% vs 29.4% res-

pectively; HR=0.22; 95% CI, 0.05-0.87;

P=.03)19,20.

To summarize, SIAM III and GRACIA 1 data

indicate that, in the era of stents and glycoprotein

IIb/IIIa inhibitors, immediate (<24 hours) elective

stenting following thrombolysis is feasible and

safe. Moreover, it permits rapid patient risk strati-

fication, substantially reduces hospitalization, im-

proves left ventricle evolution and apparently re-

duces the incidence of adverse coronary events at

1 year. The clinical implications of these studies

are important as they suggest that for patients who

cannot undergo primary angioplasty, thrombolysis

followed within 24 hours by coronary angiography

and adequate revascularization is the alternative.

REGIMENS USED

The definition of facilitated angioplasty supposes

a systematized early percutaneous coronary inter-

vention (<12 hours) in patients with STEACS trea-

ted initially with different drug regimens aimed at

facilitating the results of the mechanical reperfu-

sion. Regimens used in trials include prior adminis-

tration of glycoprotein IIb/IIIa inhibitors, high-dose

heparin and thrombolytic agents.

Facilitated Angioplasty With Glycoprotein
IIb/IIIa Inhibitors

The major clinical trials investigating the use of

glycoprotein IIb/IIIa inhibitors in STEACS treated

with direct angioplasty and stent implantation (fa-

cilitated angioplasty) are ADMIRAL,21 ISAR 2,22

ACE,23 CADILLAC,24 TIGER-PA,25 On-TIME,26

Cutlip et al,27 Zorman et al,28 REOMOBILE,29 and

ERAMI.30 The first 4 analyzed the benefits of tre-

atment with abciximab versus placebo and the last

6 studied the benefits of early versus late adminis-

tration of tirofiban or abciximab. In this context,

glycoprotein IIb/IIIa inhibitors appear especially

beneficial when administered prior to intervention,

leading to improved epicardial and myocardial

perfusion parameters and a tendency towards grea-

ter clinical benefit, but not so useful when admi-

nistered during the procedure.

With 300 patients, ADMIRAL21 found early ad-

ministration of abciximab associated with greater

pre-procedure TIMI 3 flow rate than with placebo

(16.8% vs 5.4%; P=.01), and lower incidence of the

primary endpoint (death, reinfarction, and urgent re-
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vascularization) at 30 days (6% vs 14.6%) and at 6

months (7.4% vs 15.9%).

The ISAR study22 randomized 401 patients under-

going primary angioplasty to standard dose heparin

or low-dose heparin and abciximab. Administration

of abciximab reduced the incidence of the primary

composite endpoint (death, reinfarction, and revas-

cularization) at 30 days (5% vs 10.5%). At 1 year,

benefits in the abciximab group led to a non-signifi-

cant, absolute reduction of 5.7%.

Similar results were found in ACE,23 which ran-

domized 400 patients with STEACS undergoing

primary angioplasty with stent implantation to tre-

atment with and without abciximab. At 1 month,

the incidence of the primary composite endpoint

(death, reinfarction, revascularization, or stroke)

was significantly lower among patients treated

with abciximab (4.5% vs 10.5%). However, as in

ISAR 2, mid-term benefits (6 months) were less

obvious with a tendency towards lower mortality

(4.5% vs 8%) and a significantly lower incidence

of reinfarction (1% vs 5.5%).

The CADILLAC study24 randomized 2082 pa-

tients with STEACS to 4 groups: balloon angio-

plasty, balloon angioplasty and abciximab, angio-

plasty with stent implantation, and angioplasty

with stent implantation and abciximab. All patients

received antiplatelet treatment with clopidogrel or

ticlopidine. Angioplasty with stent implantation

associated with reduced need for new revasculari-

zation due to ischemia. However, the results from

CADILLAC differ from those of ADMIRAL,

ISAR 2, and ACE. The reduction observed in the

incidence of the primary composite endpoint (de-

ath, reinfarction, revascularization, and stroke) in

the abciximab group compared with the placebo

group (4.6% vs 7.0%) was principally due to an in-

creased percentage of adverse events in patients

treated with balloon angioplasty (8.5%) with no

difference in patients treated with stent with or

without abciximab (5.7% vs 4.6%). The only bene-

fit observed in patients who received abciximab

was a reduction in the incidence of sub-acute th-

rombosis (0.4% vs 1.5%).

At 1 month, abciximab was associated with a

46% reduction of the composite endpoint of death,

reinfarction and revascularization, a 34% reduction

in death and reinfarction and a non-significant

26% reduction in death alone.31 The contradictory

results of CADILLAC might be due to baseline

differences between the studies. The CADILLAC

study did not include high risk patients (patients in

cardiogenic shock), not all patients presented with

ST segment elevation and the incidence of adverse

coronary events was consequently lower than in

other studies. Moreover, all CADILLAC patients

were treated with thiopyridines prior to angio-

plasty, whereas in other studies using thiopyridine

this was administered following the intervention.

Pretreatment with thiopyridines might diminish the

potentially beneficial effect of abciximab.

In patients with STEACS treated with primary

angioplasty, glycoprotein IIb/IIIa inhibitors seem

especially useful when administered prior to the

procedure. In this context, abciximab has not been

the only glycoprotein IIb/IIIa inhibitor evaluated:

there has also been research into tirofiban. The be-

nefit of early administration32 of these 2 drugs has

been studied in a meta-analysis of 6 studies25-30

which found they improve epicardial and myocar-

dial perfusion parameters and produce greater clini-

cal benefit.

Combined administration of glycoprotein IIb/IIIa

inhibitors and fibrinolytic agents when used to faci-

litate mechanical revascularization is further deve-

loped below when we discuss thrombolytic agents.

Facilitated Angioplasty With High-Dose
Heparin

Early administration of high-dose heparin prior to

primary angioplasty was evaluated in the HEAP

trial33 which randomized 584 patients with STEACS

to high-dose (300 units per kg) or low-dose heparin

prior to intervention. No differences were found in

incidence of adverse coronary events and, on the

contrary, high-dose heparin patients presented more

bleeding complications (10% vs 6%).

Facilitated Angioplasty With Thrombolytic
Agents

The first study to examine the concept of facili-

tated angioplasty in the modern era was published

in 1999. The Plasminogen-Activator Angioplasty

Compatibility Trial (PACT)34 included 606 pa-

tients, half of whom received a half-dose of the th-

rombolytic agent (50 mg alteplase) to achieve per-

meabilization of the artery prior to angioplasty,

and half received a placebo. Afterwards, although

not immediately, coronary angiography and angio-

plasty were performed if the artery did not have

completely normal flow (TIMI 3). Thrombolytic

treatment was complemented if the artery had

TIMI 3 flow. Stents were implanted in 26% of pa-

tients and abciximab was administered to 5%. Pa-
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tients in the facilitated group (receiving plasmino-

gen activator) had a higher rate of arterial permea-

bility (TIMI 2 and 3 flow) at coronary angiography

than in the control group (61% vs 34%; P<.001).

Angiography was performed 3 hours after the on-

set of an acute myocardial infarction. After the

procedure, 77% and 79% of patients had TIMI 3

flow. Significantly, PACT found that patients with

normal flow at coronary angiography had better

clinical evolution and ventricular function in the

follow-up. Mortality and reinfarction rates at 30

days were similar and, what is more important, in-

cidence of major bleeding complications was also

similar (12.6% in the group treated with throm-

bolytic agents vs. 13.5% in the primary angio-

plasty group).

The SPEED study (a pilot study of GUSTO 4)35

reevaluated the role of early intervention in patients

treated with glycoprotein IIb/IIIa inhibitors (abci-

ximab) and thrombolytic agents (reteplase). In 61%

of patients (323) early interventions (at 60-90 mi-

nutes) were performed and their evolution was com-

pared with 162 patients who neither underwent cat-

heterization nor revascularization. Characteristics of

the 2 groups were similar and 78% of those assig-

ned to early intervention received one or more

stents. Incidence of death, reinfarction or need for

urgent revascularization at 30 days was lower in pa-

tients treated invasively (16% vs 6%, P=.001) with

similar bleeding rates. Patients treated with the

combination of abciximab and half-dose reteplase

had the highest pre-intervention rate of TIMI flow 3

when compared with those receiving abciximab or

reteplase (47% vs 24% and 40%, respectively;

P=.05).

In PRAGUE 1,36 the incidence of death, infarction

or stroke at 30 days was 23% in patients treated

with streptokinase and 15% in patients undergoing

combined therapy (streptokinase in the original hos-

pital and angioplasty in the reference hospital). The

percentage was even lower (8%) in patients under-

going primary angioplasty.

Facilitated angioplasty was researched by

Spain’s GRACIA group (a research group analy-

zing acute ischemic cardiopathy). The GRACIA 1

report, which defined the strategy of pharmaco-

mechanical therapy within prognostic or elective

angioplasty, has been further developed in GRA-

CIA 2. The objective of GRACIA 237 was to com-

pare the efficacy of primary angioplasty with stent

and abciximab, with facilitated reperfusion follo-

wing thrombolytic treatment. At randomization,

212 patients were assigned to the following

groups: a) percutaneous transluminal coronary an-

gioplasty (PTCA) with culprit artery stenting and

protection with abciximab in the first 3 hours, or

b) thrombolysis with tenecteplase (complete dose

adjusted to weight) and 30 mg intravenous enoxa-

parin, followed within 3-12 hours by adequate re-

vascularization (culprit and non-culprit arteries if

functionally important territory is at risk) by

PTCA-stent or surgery. The major evaluation cri-

teria were estimation of left ventricular function

and myocardial perfusion. The incidence of events

at 6 weeks and 6 months was also compared.

Among patients treated with primary angioplasty,

83% received abciximab in comparison with 23%

of facilitated strategy patients. Left ventricular

function parameters did not differ between the 2

groups. However, pre-intervention myocardial

perfusion (TMPG 3: 56% vs 16%; P<.001) and

post-intervention myocardial perfusion (TMPG 3:

49% vs 26%) were greater in patients treated with

facilitated angioplasty. No significant differences

were found in bleeding complications (10.3% in

the facilitated angioplasty group vs 6.7% in the

primary angioplasty group) nor in incidence of ad-

verse cardiovascular episodes (9% in the facilita-

ted angioplasty group vs 14% in the primary an-

gioplasty group) in the 2 groups. Results of

GRACIA 2 suggest that a strategy of reperfusion

with thrombolysis with tenecteplase followed by

immediate revascularization (3-12 hours) is as ef-

ficient and safe as performing primary angioplasty

in optimal conditions (stent and glycoprotein

IIb/IIIa inhibitors).

Other studies (TIMI 14,38 INTRO-AMI,39 INTE-

GRITI40) have also shown that combining potent

platelet inhibitors and low-dose thrombolytic

agents improves arterial flow at 60 minutes with

respect to isolated thrombolysis. With this stra-

tegy, 60% of culprit arteries in patients with STE-

ACS reached TIMI 3 flow at 60 min. These data

suggest that combined therapy of drug reperfusion

(fibrinolytic agents and glycoprotein IIb/IIIa inhi-

bitors) followed by immediate coronary angio-

graphy and intervention would be at least as effi-

cient as primary angioplasty.

Facilitated angioplasty was evaluated in BRA-

VE,41 which randomized 253 patients to abciximab

or abciximab and half-dose reteplase followed by

angioplasty with stent. The principal objective of the

study was to estimate infarction size by scintigraphy

and results indicated no difference (11.5% in abci-

ximab only patients vs 13.0%). Incidence of adverse

cardiovascular events (death, reinfarction or acute
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stroke) was 1.6% in abciximab patients and 3.2% in

the combined drug therapy group (P=.66).

FUTURE OF FACILITATED ANGIOPLASTY

Percutaneous revascularization with stent has no-

tably increased the efficiency of mechanical treat-

ments of reperfusion and revascularization in ST

segment elevation acute myocardial infarction both

when performed directly (primary angioplasty) and

when performed after routine administration of a

drug treatment aimed at reopening the culprit artery

(facilitated angioplasty). However, unresolved pro-

blems remain: research into the efficiency and sa-

fety of drug-eluting stents in this context is insuffi-

cient; the value of treatments to combat the assumed

microembolic component of microvascular dysfunc-

tion inherent to reperfusion of the myocardium with

severe ischemia is unclear; and the real role of gly-

coprotein IIb/IIIa inhibitors in these treatments is

unknown.

The safety and efficiency of potent platelet inhibi-

tors together with low doses of thrombolytic agents

will again be evaluated in 3 studies (CADILLAC II,

ASSENT 4, and FINESSE) that randomize 2700 pa-

tients with STEACS to primary angioplasty in 60-

120 min with abciximab or abciximab with retepla-

se followed by angioplasty. Analysis of their results

will show whether facilitated angioplasty is more

efficient than primary angioplasty with abciximab

alone.

The GRACIA 3 study formulated the hypothesis

that paclitaxel-covered stents are safe and reduce

need for revascularization. It also tested the hypot-

hesis that administering IIb/IIIa receptor anta-

gonists, before angioplasty but late enough to

avoid the bleeding complications that occur when

they are administered with fibrinolytic agents,

might be a safe way of optimizing epicardial and

microvascular reperfusion of the evolving infarc-

tion. The study uses an open, multicenter, rando-

mized clinical trial design and has already enrolled

436 patients with STEACS treated with throm-

bolytic agents, randomized to 4 strategies of treat-

ment: a) paclitaxel-covered stents with tirofiban;

b) paclitaxel-covered stents without tirofiban; c)

conventional stents with tirofiban; and d) conven-

tional stents without tirofiban. The primary objec-

tive of this study is to evaluate the efficiency of ta-

xol-covered stents compared with conventional

stents in ST segment elevation acute myocardial

infarction and the effect of tirofiban administered

before percutaneous revascularization but 120 mi-

nutes after fibrinolysis, on epicardial and myocar-

dial perfusion, before and after mechanical revas-

cularization. Efficiency will be evaluated in terms

of reestenosis at 12 months and improvement of

epicardial and myocardial perfusion parameters. 

In conclusion, there can be no doubt that facilita-

ted angioplasty modifies the current scenario of re-

perfusion in STEACS. The real but not always ideal

strategy of reperfusion should be based on the follo-

wing cardinal points: efficiency, time, applicability

and cost. Bearing in mind that facilitated angio-

plasty can perfectly well be implemented in the cu-

rrent healthcare infrastructure in Spain, in the future

it may constitute the strategy of choice in reperfu-

sion of STEACS in this country. Facilitated angio-

plasty with thrombolytic agents has a role beyond

the competitive dualism with which early reperfu-

sion of victims with acute myocardial infarction has

been viewed to date. It is a symbiosis aimed at com-

bining the advantages of drug therapy (easy to

apply, universally available) and mechanical the-

rapy (efficient). Neither black nor white, but just the

opposite.
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