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abstract

background

The appropriate treatment for patients in whom reperfusion fails to occur after 
thrombolytic therapy for acute myocardial infarction remains unclear. There are 
few data comparing emergency percutaneous coronary intervention (rescue PCI) with 
conservative care in such patients, and none comparing rescue PCI with repeated 
thrombolysis.

methods

We conducted a multicenter trial in the United Kingdom involving 427 patients with 
ST-segment elevation myocardial infarction in whom reperfusion failed to occur 
(less than 50 percent ST-segment resolution) within 90 minutes after thrombolytic 
treatment. The patients were randomly assigned to repeated thrombolysis (142 pa-
tients), conservative treatment (141 patients), or rescue PCI (144 patients). The pri-
mary end point was a composite of death, reinfarction, stroke, or severe heart 
failure within six months.

results

The rate of event-free survival among patients treated with rescue PCI was 84.6 
percent, as compared with 70.1 percent among those receiving conservative therapy 
and 68.7 percent among those undergoing repeated thrombolysis (overall P = 0.004). 
The adjusted hazard ratio for the occurrence of the primary end point for repeated 
thrombolysis versus conservative therapy was 1.09 (95 percent confidence interval, 
0.71 to 1.67; P = 0.69), as compared with adjusted hazard ratios of 0.43 (95 percent 
confidence interval, 0.26 to 0.72; P = 0.001) for rescue PCI versus repeated throm-
bolysis and 0.47 (95 percent confidence interval, 0.28 to 0.79; P = 0.004) for rescue 
PCI versus conservative therapy. There were no significant differences in mortality 
from all causes. Nonfatal bleeding, mostly at the sheath-insertion site, was more com-
mon with rescue PCI. At six months, 86.2 percent of the rescue-PCI group were free 
from revascularization, as compared with 77.6 percent of the conservative-therapy 
group and 74.4 percent of the repeated-thrombolysis group (overall P = 0.05).

conclusions

Event-free survival after failed thrombolytic therapy was significantly higher with 
rescue PCI than with repeated thrombolysis or conservative treatment. Rescue PCI 
should be considered for patients in whom reperfusion fails to occur after throm-
bolytic therapy.
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Patients who have an open infarct-
related artery after acute myocardial infarc-
tion with ST-segment elevation have better 

clinical outcomes than patients without an open 
artery.1-4 Although primary percutaneous coronary 
intervention (primary PCI) is a proven therapeutic 
approach in this setting5,6 and is used increasingly, 
intravenous thrombolysis remains the first-line 
therapy in 30 to 70 percent of cases worldwide.7,8 
However, thrombolysis results in a grade 3 flow, 
according to the Thrombolysis in Myocardial In-
farction (TIMI) classification system, in only 60 
percent of patients, even with current fibrin-spe-
cific agents.9 To date, it has been unclear how best 
to treat the remaining patients, in whom throm-
bolysis has failed. Some physicians, particularly 
those at hospitals without interventional facilities, 
treat such patients conservatively.10 Others believe 
that a second dose of a thrombolytic agent may 
be beneficial.11 Many advocate emergency PCI 
(rescue PCI) on the basis of small trials that have 
suggested a benefit of this intervention.12,13 The 
Rescue Angioplasty versus Conservative Treatment 
or Repeat Thrombolysis (REACT) trial was under-
taken to establish which of these three options 
achieves the best clinical outcome among patients 
in whom thrombolysis has failed.

methods

We conducted a multicenter, randomized, paral-
lel-group trial that was approved by United King-
dom national and local ethics committees and 
fulfilled the conditions of the Declaration of Hel-
sinki. The trial was funded by the British Heart 
Foundation; Roche Pharmaceuticals provided re-
teplase for repeated thrombolysis (its use was op-
tional for physician investigators). The sponsors 
had no role in study design, data collection, or study 
analysis or in the writing of this report.

patients

Between December 1999 and March 2004, trial 
candidates were evaluated at 35 centers (which 
joined the study on a rolling basis over three years); 
19 of the centers had on-site angiographic facilities. 
Adults 21 to 85 years of age were eligible for in-
clusion if they had received any licensed throm-
bolytic agent for myocardial infarction with ST-
segment elevation within 6 hours of the onset of 
chest pain and if reperfusion had then failed to 
occur, as judged by the predetermined 90-minute 

electrocardiographic criterion (less than 50 per-
cent resolution in the lead with previous maximal 
ST-segment elevation). The inclusion and exclusion 
criteria are listed in Table 1. A screening log of 
potential subjects was kept through November 
2002 to catalogue patients who did or did not par-
ticipate in the trial; however, this log was not 
maintained after November 2002 because of fund-
ing constraints. The trial subjects were enrolled 
after giving written informed consent.

randomization

Patients were randomly assigned by a 24-hour 
computer-generated random-allocation system to 
undergo repeated thrombolysis, conservative treat-
ment, or rescue PCI. Patients assigned to repeated 
thrombolysis received a fibrin-specific thrombo-
lytic agent (alteplase or reteplase, according to the 
physician’s choice) and intravenous heparin, ac-
cording to standard clinical practice. Low-molec-
ular-weight heparin was not used in the first 24 
hours. Patients assigned to the conservative-ther-
apy group received standard medical therapy for 
myocardial infarction without thrombolysis or PCI. 
To ensure a standardized group, conservative ther-
apy included intravenous heparin for 24 hours, 
irrespective of the first thrombolytic agent. Hepa-
rin administration in the repeated-thrombolysis 
and conservative-therapy groups was titrated to an 
activated partial-thromboplastin time ratio of 1.5 
to 2.5. Patients assigned to rescue PCI under-
went coronary angiography, proceeding to an-
gioplasty if required (i.e., if the patient had less 
than TIMI grade 3 flow and more than 50 percent 
stenosis in the infarct-related artery). Adjunctive 
strategies (e.g., stenting or glycoprotein IIb/IIIa 
receptor inhibition) were used at the discretion 
of the interventionist. Crossover among the three 
treatment groups was discouraged but was al-
lowed if a patient had ongoing or further chest 
pain associated with ST-segment re-elevation or 
new elevation in at least two contiguous leads or 
had cardiogenic shock.

data collection

Clinical examination, electrocardiography, hema-
tologic measurements, and biochemical tests (in-
cluding measurement of cardiac biomarkers) were 
performed on all patients 4 hours after the initia-
tion of the randomly assigned therapy (to account 
for the potential time delay to rescue PCI), at 12 
and 24 hours after randomization, and at dis-
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Table 1. Criteria for Inclusion and Exclusion and Definitions of Trial End Points.

Inclusion criteria

Acute myocardial infarction with ST-segment elevation of more than 0.1 mV in at least two contiguous leads, excluding V
1

Aspirin and thrombolysis administered within 6 hours of onset of symptoms

Age 21 to 85 years

Ability to give informed consent

At 90 minutes (±15 minutes) after the beginning of initial thrombolytic therapy, electrocardiogram shows failed thrombolytic therapy — i.e.,  
less than 50% resolution of the ST segment in the lead showing the greatest ST-segment elevation measured from the baseline (isoelec-
tric line) to 80 msec beyond the J point, with or without chest pain

Rescue angioplasty, if assigned, can be performed within 12 hours of the onset of pain

Exclusion criteria

Probable inability to gain femoral access for intervention (e.g., severe peripheral vascular disease)

Left bundle-branch block

Life expectancy less than 6 months owing to noncardiac cause

Previous inclusion in this trial at any time, or in any other clinical trial during the previous month

Contraindication to thrombolysis (e.g., cardiopulmonary resuscitation after first thrombolytic treatment)

Hemoglobin greater than 1.5 g/dl below normal range within previous 6 hours

Platelet count below normal range within previous 6 hours

For patients 75 years of age or older: systolic blood pressure above 200 mm Hg, diastolic blood pressure above 100 mm Hg, or both at any 
time during the current episode of pain, even if successfully reduced by therapy

For patients less than 75 years of age: after prescription of first thrombolytic therapy, systolic blood pressure above 200 mm Hg, diastolic 
blood pressure above 100 mm Hg, or both on more than one occasion

Estimated body weight less than 65 kg

Cardiogenic shock, either in the opinion of the investigator or defined as persistent (lasting more than 30 minutes) systolic hypotension (less 
than 90 mm Hg) with oliguria and autonomic activation, with or without pulmonary edema despite appropriate volume replacement, and 
considered to be due to ventricular dysfunction rather than to any other cause

Administration of low-molecular-weight heparin within the previous 12 hours

Definitions of trial end points

Reinfarction

During index admission: further chest pain lasting more than 30 minutes and accompanied by new electrocardiographic changes (new 
Q waves above 0.04 second or ST-segment elevation above 0.1 mV in two leads for more than 30 minutes), further enzyme rise, 
or both

Late chest pain lasting more than 30 minutes and accompanied by new electrocardiographic changes, enzyme rise, or both

Cerebrovascular event

A new focal neurologic deficit of presumed vascular cause persisting for more than 24 hours and without evidence of a nonvascular cause 
according to a neurologic imaging study

Severe heart failure

Early heart failure: any new-onset cardiogenic shock or heart failure with pulmonary edema that is resistant to medical therapy and that 
occurs during the index admission and after randomization

Late heart failure: admission to hospital for treatment of heart failure (New York Heart Association class III or IV)

Bleeding

Major bleeding: decrease in hemoglobin of at least 5 g/dl during index admission, severe bleeding event (e.g., intracranial hemorrhage, 
hemopericardium, or hemodynamic compromise, with or without transfusion), or both

Minor bleeding: observed bleeding during index admission, with or without a decrease in hemoglobin of at least 5 g/dl, with or without 
transfusion

Blood loss with no identified site: a decrease in hemoglobin of 2 to 4.9 g/dl, or the need for transfusion, without an identified bleeding 
site
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charge, with clinical follow-up at 1, 6, and 12 
months. The components of the primary end 
point were continuously documented. More than 
90 percent of study data were subjected to source 
validation according to strictly controlled cri-
teria.

end points

The primary end point was a composite of major 
adverse cardiac and cerebrovascular events at six 
months, including death, recurrent myocardial in-
farction, cerebrovascular event, and severe heart 
failure. The secondary end points included the 
components of the primary end point, as well as 
bleeding and revascularization. Events were adju-
dicated by an independent end-point committee, 
whose members were blinded to treatment assign-
ment. Quality-of-life and resource-use data were 
collected at follow-up. Definitions of all end points 
are given in Table 1.

power and sample size

On the basis of the limited evidence available at 
the time of study design (1998),12 the steering 
committee estimated that the rate of the primary 
composite end point in the conservative-therapy 
group would approach 20 percent and hypothe-
sized a 40 percent relative reduction in this rate 
in the rescue-PCI group; thus, it was calculated 
that 1200 patients would be required (80 percent 
power, α = 0.05). In December 2001, the members 
of the steering committee and the data and safety 
monitoring committee (who did not have access 
to the trial data) examined new published evi-
dence suggesting that the rate of death or recur-
rent myocardial infarction would be 29 percent 
with conservative therapy, 26.5 percent with re-
peated thrombolysis, and 15 percent with rescue 
PCI.11,13-15 Because the rates of heart failure and 
cerebrovascular events were inconsistently report-
ed in those studies, the power of our study was re-
calculated on the basis of assumed rates of death 
and recurrent myocardial infarction alone. It was 
determined that a sample size of 156 patients in 
each group would provide 80 percent power 
(α = 0.05) to detect the same 40 percent relative re-
duction in the composite end point that was pre-
viously hypothesized. It was assumed that heart 
failure and cerebrovascular events would be likely 
to increase rather than reduce such power in the 
final analysis.

During 2003 and 2004, enrollment in the trial 

began to decline. The precise reason for this de-
cline is uncertain, because the screening log was 
not maintained after November 2002 (as noted 
above). However, other ongoing clinical trials, as 
well as the introduction of the new thrombolytic 
agent tenecteplase (and the concomitant unli-
censed use of low-molecular-weight heparin), lim-
ited the number of suitable candidates for partici-
pation. Because of declining trial recruitment and 
a finite funding period, the steering committee 
terminated enrollment in the trial in March 2004.

statistical analysis

All analyses were performed on an intention-to-
treat basis. Process times are reported as medi-
ans with interquartile ranges and compared with 
use of the Kruskal–Wallis test. The proportions of 
subjects in each of the groups who reached any 
end point during the six months were compared 
with use of either the chi-square test or Fisher’s 
exact test, as appropriate. Survival and event-free 
survival were plotted as Kaplan–Meier curves, and 
the log-rank test was used to compare them. Haz-
ard ratios with 95 percent confidence intervals 
were calculated for all pairwise comparisons. Cox 
proportional-hazards regression models were used 
to investigate the potential influence of all base-
line covariates on treatment effects. Covariates 
were selected for a final model by a forward vari-
able-selection procedure. The assumption of pro-
portional hazards was assessed both graphically, 
with the use of log–log survivor plots, and by 
adding associated time-dependent covariates to 
the model.16 There was no evidence that the as-
sumption of proportional hazards was violated in 
any of the results presented here. No formal ad-
justment for multiple testing was undertaken, but 
the P values were interpreted cautiously. All statis-
tical analyses were performed with SAS software, 
version 8.2 (SAS Institute).

results

At the termination of the trial, 435 patients had 
been enrolled and randomly assigned to one of the 
three treatment groups. Of these, six withdrew 
consent (one each in the groups assigned to re-
peated thrombolysis and rescue PCI and four in 
the group assigned to conservative therapy), and 
another two were excluded (one each in the re-
peated-thrombolysis and rescue-PCI groups) be-
cause they had inappropriately undergone random-

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITY OF LEICESTER on December 2, 2015. For personal use only. No other uses without permission. 

 Copyright © 2005 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 353;26 www.nejm.org december 29, 20052762

ization before giving consent, which they declined 
to do. The data for 427 patients are therefore pre-
sented. Of these, 142 were assigned to repeated 
thrombolysis, 141 to conservative therapy, and 144 
to rescue PCI (Table 2).

The trial screening log, which was maintained 
until November 2002, included 713 patients who 
did not undergo randomization (as compared with 
304 patients who had undergone randomization 
by that date). Of those who did not undergo ran-
domization, most were excluded on the basis of 
clinical criteria, including delayed presentation 
(beyond six hours) (24 percent), advanced age (21.4 

percent), and severe hypertension (13.6 percent). 
Only 4.2 percent were excluded on the basis of the 
judgment of the patient’s physician.

baseline characteristics

The baseline characteristics were similar in all 
groups (Table 2). There was no difference among 
the groups in the median time from the onset of 
pain to the first (nontrial) thrombolytic treatment 
(P = 0.73). The median time from presentation 
until the first thrombolytic treatment (“door-to-
needle time”) was 27 minutes (interquartile range, 
16 to 43).

Table 2. Baseline Characteristics of Enrolled Patients.

Characteristic Treatment Group
All Patients 

(N=427)

Repeated 
Thrombolysis

(N=142)

Conservative 
Therapy
(N=141)

Rescue PCI
(N=144)

Age — yr

Mean ±SD 61.3 ± 10.3 61.0 ± 10.7 61.1 ± 11.9 61.1 ± 11.0

Range 40–85 37–85 34–85 34–85

Male sex — no. (%) 114 (80.3) 111 (78.7) 113 (78.5) 338 (79.2)

Medical history — no. (%)

Angina 32 (22.5) 29 (20.6) 32 (22.2) 93 (21.8)

Acute myocardial infarction 23 (16.2) 17 (12.1) 14 (9.8)* 54 (12.7)*

Percutaneous coronary inter-
vention 

6 (4.2) 4 (2.8) 6 (4.2) 16 (3.7)

Coronary-artery bypass grafting 7 (4.9) 4 (2.8) 7 (4.9) 18 (4.2)

Diabetes 23 (16.2) 16 (11.3) 21 (14.6) 60 (14.1)

Hypertension 60 (42.3) 53 (37.6) 47 (32.6) 160 (37.5)

Smoking history — no. (%) 

Currently smoking 70 (49.6)* 65 (46.1) 68 (47.2) 203 (47.7)*

Formerly smoked 41 (29.1)* 42 (29.8) 40 (27.8) 123 (28.9)*

Never smoked 30 (21.3)* 34 (24.1) 36 (25.0) 100 (23.5)*

Anterior infarct — no. (%) 54 (38.0) 66 (46.8) 61 (42.7)* 181 (42.5)*

First thrombolytic therapy — 
no. (%)

Reteplase 43 (30.3) 28 (19.9) 42 (29.2) 113 (26.5)

Streptokinase 82 (57.7) 88 (62.4) 84 (58.3) 254 (59.5)

Tenecteplase 2 (1.4) 5 (3.5) 3 (2.1) 10 (2.3)

Tissue plasminogen activator 15 (10.6) 20 (14.2) 15 (10.4) 50 (11.7)

Time to first thrombolytic 
therapy (min)

Median 135 150 140 140

Interquartile range 94–217 100–210 95–240 95–220

* Data were missing for one patient.
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actual treatment received

Eighteen patients (4.2 percent) did not receive their 
randomly assigned treatment. Among the patients 
who were assigned to rescue PCI, 14 received con-
servative therapy and 2 received repeated throm-
bolysis; among the patients who were assigned 
to repeated thrombolysis, 1 received conservative 
therapy and 1 received rescue PCI. The results of 
the analysis according to the intention-to-treat 
principle were unchanged when the data were 
analyzed according to actual treatment received.

rescue pci

Of the 144 patients assigned to rescue PCI, 88 
(61.1 percent) were recruited from hospitals with 
interventional capabilities. The median transfer 
time for patients from hospitals without interven-
tional capabilities was 85 minutes (interquartile 

range, 55 to 120). Sixteen patients in this group 
crossed from their assigned therapy, and 128 pro-
ceeded to angiography, 13 of whom did not re-
quire angioplasty because of patent vessels. Of 
the remaining 115 patients, only 9 were deemed 
to have had an unsuccessful rescue-PCI proce-
dure; in 6 of these patients the artery was deemed 
not amenable to PCI, in one instance affecting 
1 patient there was a technical failure of x-ray 
equipment, and in 2 patients the attempts to open 
the artery were unsuccessful.

Rescue PCI was commenced (i.e., the wire 
crossed the lesion) a median of 414 minutes af-
ter the onset of pain (interquartile range, 350 to 
505). Stents were deployed in 68.5 percent of pa-
tients, and a glycoprotein IIb/IIIa receptor inhibitor 
(abciximab) was administered in 43.4 percent. For 
patients assigned to rescue PCI rather than re-

Table 3. End-Point Events Occurring within Six Months of Treatment.*

End Point Treatment Overall P Value

Repeated 
Thrombolysis 

(N = 142)

Conservative 
Therapy 
(N = 141)

Rescue PCI 
(N = 144)

Primary end-point events (predetermined 
hierarchical analysis)

Death from any cause — no. (% of patients) 18 (12.7) 18 (12.8) 9 (6.2) 0.12

Death from cardiac causes — no. (% of pa-
tients)

15 (10.6) 14 (9.9) 8 (5.6) 0.26

Recurrent acute myocardial infarction — 
no. (% of patients)

15 (10.6) 12 (8.5) 3 (2.1) <0.01

Cerebrovascular event — 
no. (% of patients)

1 (0.7) 1 (0.7) 3 (2.1) 0.63

Severe heart failure — no. (% of patients) 10 (7.0) 11 (7.8) 7 (4.9) 0.58

Composite primary end point — 
no. (% of patients)

44 (31.0) 42 (29.8) 22 (15.3) <0.01

Secondary end point

Bleeding events

Major bleed — no. of patients 
(no. of deaths)

7 (5) 5 (3) 4 (0) 0.65

Minor bleed — no. of patients (no. sheath-
related)

10 (3) 8 (0) 33 (28) <0.001

Blood loss with no identified site — 
no. of patients

34 33 19 0.12

Revascularization

PCI or CABG — no. (% of patients) 33 (23.2) 29 (20.6) 19 (13.2) 0.08†

* PCI denotes percutaneous coronary intervention, and CABG coronary-artery bypass grafting. The proportions of sub-
jects in each of the groups who reached any end point during the six months were compared by either the chi-square 
test or Fisher’s exact test, as appropriate.

† P = 0.05 by the log-rank test.
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peated thrombolysis, the median additional delay 
in the time to the assigned treatment was 84 min-
utes (4.6 hours for rescue PCI vs. 3.2 hours for 
repeated thrombolysis).

primary end point

All components of the primary end point were re-
corded for 406 subjects (95.1 percent). Mortality 
status was confirmed for the remaining 21 sub-
jects (4.9 percent): 6 each in the repeated-throm-
bolysis and conservative-therapy groups and 9 in 
the rescue PCI-group. Data on these subjects were 
included in the analyses as censored observations, 
with a median study period of 105 days (range, 
5 to 177).

In the rescue-PCI group, 15.3 percent of the 
patients reached at least one component of the 
primary end point, as compared with 31.0 percent 
in the repeated-thrombolysis group and 29.8 per-
cent in the conservative-therapy group (overall 
P = 0.003) (Table 3). The rate of event-free survival 
(Fig. 1) was 84.6 percent in the rescue-PCI group, 
as compared with 70.1 percent in the conservative-
therapy group and 68.7 percent in the repeated-
thrombolysis group (overall P = 0.004). Among 
patients assigned to rescue PCI, there was no 
significant difference in event rates between those 
who were transferred for intervention (16.4 per-
cent) and those who were recruited in hospitals 
with on-site facilities for intervention (14.6 per-

cent, P = 0.80), and logistic-regression analysis indi-
cated that the time to repeated PCI (up to 12 hours) 
had no significant effect on outcome. Although 
the numbers are very small, the incidence of the 
primary end point was much higher among those 
who underwent unsuccessful rescue PCI (5 of 
9 patients [55.6 percent]) than among those who 
underwent successful rescue PCI (12 of 106 pa-
tients [11.3 percent], P = 0.007).

Age and infarct site were the only baseline char-
acteristics that were identified as predictors of the 
primary end point by multivariate analysis. Ad-
justed pairwise hazard ratios (Fig. 2) confirmed a 
statistically significant benefit of rescue PCI as 
compared with conservative therapy (hazard ra-
tio, 0.47; 95 percent confidence interval, 0.28 to 
0.79; P = 0.004) and repeated thrombolysis (haz-
ard ratio, 0.43; 95 percent confidence interval, 0.26 
to 0.72; P = 0.001). There was no significant differ-
ence in benefit between repeated thrombolysis 
and conservative therapy (hazard ratio, 1.09; 95 
percent confidence interval, 0.71 to 1.67; P = 0.69).

components of the primary end point

There was a trend toward lower mortality at six 
months in the rescue-PCI group (6.2 percent) than 
in either the repeated-thrombolysis group (12.7 
percent) or the conservative-therapy group (12.8 
percent, P = 0.12 for both comparisons) (Table 3). 
When the rescue-PCI group was compared with 
the two other groups combined, this difference 
was statistically significant (hazard ratio, 0.48; 
95 percent confidence interval, 0.23 to 0.99; P<0.05). 
Multivariate analysis identified age and diabetes 
as significant predictors of death, and the adjusted 
hazard ratios significantly favored rescue PCI: the 
hazard ratio for rescue PCI as compared with re-
peated thrombolysis was 0.42 (95 percent confi-
dence interval, 0.19 to 0.94; P<0.04), and the hazard 
ratio for rescue PCI as compared with conserva-
tive therapy was 0.42 (95 percent confidence in-
terval, 0.19 to 0.94; P<0.04). The trial was not pow-
ered to detect a difference in mortality alone.

There were no significant differences in the 
rates of cerebrovascular events or severe heart fail-
ure among the three treatment groups (Table 3). 
However, the rate of recurrent myocardial infarc-
tion was significantly lower in the rescue-PCI 
group (2.1 percent) than in the repeated-throm-
bolysis group (10.6 percent) or the conservative-
therapy group (8.5 percent); the hazard ratio for 
rescue PCI as compared with repeated thromboly-
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Figure 1. Kaplan–Meier Estimates of the Cumulative Rate of the Composite 
Primary End Point (Death, Recurrent Myocardial Infarction, Severe Heart 
Failure, or Cerebrovascular Event) within Six Months.

PCI denotes percutaneous coronary intervention, and CI confidence interval.
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sis was 0.23 (95 percent confidence interval, 0.09 
to 0.62; P = 0.004), and the hazard ratio for rescue 
PCI as compared with conservative therapy was 
0.33 (95 percent confidence interval, 0.12 to 0.93; 
P = 0.04).

bleeding complications

Bleeding events were defined according to a mod-
ified TIMI classification (Table 1).17 There were no 
significant differences among the groups in ma-
jor bleeding events (Table 3). However, there was 
a tendency toward higher mortality from major 
bleeding episodes in the repeated-thrombolysis 
group (four deaths from hemopericardium and 
one death from intracranial hemorrhage) and the 
conservative-therapy group (one death from he-
mothorax and two deaths from intracranial hem-
orrhage) than in the rescue-PCI group, in which 
there were no deaths associated with bleeding 
events. Minor bleeding episodes were significantly 
more frequent in the rescue-PCI group (P<0.001); 
minor bleeding occurred at the access site in 28 
patients, 5 of whom required blood transfusion. 
Among the patients in the rescue-PCI group who 
had bleeding events, 69 percent had received ab-
ciximab, as compared with 43 percent of all pa-
tients in this group (P = 0.17). There were no sig-
nificant differences among the groups in the 
incidence of bleeding episodes characterized by 
a fall in hemoglobin without an identified bleed-
ing site.

revascularization

Revascularization rates tended to be lower in the 
rescue-PCI group (Table 3). At six months, 86.2 
percent of the patients in the rescue-PCI group 
were free from revascularization, as compared 
with 77.6 percent of those undergoing conserva-
tive therapy and 74.4 percent of those undergoing 
repeated thrombolysis (overall P = 0.05 by the log-
rank test). The unadjusted hazard ratio for revas-
cularization was 0.50 (95 percent confidence in-
terval, 0.29 to 0.88; P<0.02) for rescue PCI as 
compared with repeated thrombolysis and 0.58 
(95 percent confidence interval, 0.33 to 1.04; 
P<0.07) for rescue PCI as compared with conser-
vative therapy. There was no difference between 
the two groups not assigned to rescue PCI (haz-
ard ratio for repeated thrombolysis as compared 
with conservative therapy, 1.17; 95 percent confi-
dence interval, 0.71 to 1.92; P = 0.56).

discussion

Our study compared three therapeutic options af-
ter failed thrombolytic therapy. We found that res-
cue PCI was superior to either conservative care 
or repeated thrombolysis, even though a substan-
tial proportion of patients treated with rescue PCI 
were transferred from hospitals without interven-
tional facilities, and there was a median addition-
al time delay of 84 minutes until treatment with 
rescue PCI in comparison with repeated throm-
bolysis. A trend toward a higher frequency of fatal 
bleeding was noted in both the conservative-treat-
ment group and the repeated-thrombolysis group, 
but given the small number of cases reported, no 
firm conclusions can be drawn from these data. 
The higher rates of nonfatal bleeding in the res-
cue-PCI group may be due to the use of glycopro-
tein IIb/IIIa receptor inhibitors.

Previous evidence supporting the use of res-
cue PCI is limited, and current guidelines rec-
ommend it only for certain high-risk subgroups 
of patients.18,19 Rescue PCI has been reported to 
lower the rate of recurrent myocardial infarction, 
reduce the incidence of early severe heart failure, 
and improve one-year survival.12,15 However, the 
sample sizes in most studies have been small; 
moreover, failed rescue PCI has been associated 
with a high incidence of adverse outcomes (ap-
proximately 30 percent),14,20 a result that could 
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Figure 2. Adjusted Hazard Ratios for the Occurrence of the Composite 
Primary End Point (Death, Recurrent Myocardial Infarction, Severe Heart 
Failure, or Cerebrovascular Accident) among the Trial Groups.

HR denotes hazard ratio, CI confidence interval, and PCI percutaneous cor-
onary intervention. 
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reduce the overall benefit of the technique.21,22 
The recent use of stents and glycoprotein IIb/IIIa 
receptor inhibitors may have improved outcomes 
in comparison with those in studies performed in 
the mid-1990s.

The findings of our study favoring the use of 
rescue PCI contradict those of the recent Middles-
brough Early Vascularization to Limit Infarction 
(MERLIN) trial,23 which found a significant re-
duction in revascularization rates only. There are 
a number of important differences between the 
two trials. The MERLIN trial was a locally con-
fined study, whereas ours was a national multi-
center trial. In the MERLIN trial, the first throm-
bolytic agent was more often streptokinase (96 
percent, vs. 59 percent in our trial), and eligibility 
was determined on the basis of electrocardiogra-
phy at 60 minutes, rather than 90. This strategy 
may have reduced the rates of the end points in 
the conservative-treatment group, since some pa-
tients treated with streptokinase probably under-
went perfusion at 60 to 90 minutes (as suggested 
by the fact that 40 percent of the patients in the 
rescue-PCI group had TIMI grade 3 flow ac-
cording to angiography before intervention). The 
MERLIN trial also showed lower rates of stent-
ing and of glycoprotein IIb/IIIa inhibitor use, 
which may have contributed to a higher reinfarc-
tion rate in the rescue-PCI group. For reasons that 
remain unexplained, the mortality in the rescue-
PCI group was unusually high in the MERLIN 
trial,20 as was the rate of cerebrovascular events 
in this group (4.6 percent). In addition, despite 
the absence of a group randomly assigned to re-
peated thrombolytic treatment, 11.7 percent of the 
conservatively treated patients in the MERLIN trial 
underwent repeated thrombolysis, further con-
founding the results.

The optimal approach for detecting the fail-
ure of thrombolytic therapy has been the subject 
of much debate.24,25 Historically, entry into studies 
of rescue PCI has been determined by angiograph-
ic findings,13,26 whereas in clinical practice, failure 
of reperfusion is generally detected by clinical, 
noninvasive markers. There is evidence that the 
ratios of biochemical markers (including creatine 
kinase MB fraction, troponin, and myoglobin 
mass) measured before and 60 minutes after the 
administration of thrombolytic therapy have good 
predictive value,27,28 with low ratios correlating 
with poor patency. However, differential degrees 

of ST-segment resolution also correlate well with 
TIMI flow grade29-31 and predict longer-term out-
come.32 The value of ongoing pain as a sensitive 
marker of nonreperfusion is questionable, given 
its low specificity33 and the routine use of analge-
sia. Although certain markers (e.g., myoglobin) 
may be considered the most sensitive for detecting 
failed thrombolytic therapy, these were not widely 
available in the clinical setting when our trial was 
designed. Therefore, an ST-segment resolution of 
50 percent was considered the most reliable pos-
sible entry criterion, and this cutoff was deemed 
likely to pick up most reperfusion failures, with a 
low rate of false positives for patent arteries.30,32,34

Although the trial was terminated early, ter-
mination occurred before the investigators were 
unblinded to the data and was necessary, given 
the falling recruitment rates and the finite fund-
ing period for the study. In the absence of a full 
registry, we cannot exclude some element of selec-
tion bias in the population enrolled. However, all 
consecutive patients at each site in whom throm-
bolytic therapy had failed were evaluated, and the 
baseline characteristics as recorded in the screen-
ing log until November 2002 do not suggest such 
bias. The great majority of patients, according to 
this record, were excluded for predefined clinical 
reasons, with only 4.2 percent being excluded by 
choice of the patient’s physician.

In conclusion, the trial found that rescue PCI 
after failed thrombolytic treatment was associated 
with a statistically significant reduction in the in-
cidence of major adverse cardiac and cerebrovas-
cular events, as compared with either repeated 
thrombolysis or conservative management. These 
results indicate that rescue PCI, with transfer to 
a tertiary site if required, should be considered for 
patients in whom thrombolysis for myocardial in-
farction with ST-segment elevation fails to achieve 
reperfusion.
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