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A bs t r ac t
Background

Patients with a myocardial infarction with ST-segment elevation who present to hospitals that do not have the capability of performing percutaneous coronary intervention (PCI) often cannot undergo timely primary PCI and therefore receive fibrinolysis. The role and optimal timing of routine PCI after fibrinolysis have not been
established.
Methods

We randomly assigned 1059 high-risk patients who had a myocardial infarction with
ST-segment elevation and who were receiving fibrinolytic therapy at centers that did
not have the capability of performing PCI to either standard treatment (including
rescue PCI, if required, or delayed angiography) or a strategy of immediate transfer
to another hospital and PCI within 6 hours after fibrinolysis. All patients received
aspirin, tenecteplase, and heparin or enoxaparin; concomitant clopidogrel was recommended. The primary end point was the composite of death, reinfarction, recurrent ischemia, new or worsening congestive heart failure, or cardiogenic shock within 30 days.
Results

Cardiac catheterization was performed in 88.7% of the patients assigned to standard treatment a median of 32.5 hours after randomization and in 98.5% of the
patients assigned to routine early PCI a median of 2.8 hours after randomization.
At 30 days, the primary end point occurred in 11.0% of the patients who were assigned to routine early PCI and in 17.2% of the patients assigned to standard treatment (relative risk with early PCI, 0.64; 95% confidence interval, 0.47 to 0.87;
P = 0.004). There were no significant differences between the groups in the incidence
of major bleeding.
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Conclusions

Among high-risk patients who had a myocardial infarction with ST-segment elevation and who were treated with fibrinolysis, transfer for PCI within 6 hours after
fibrinolysis was associated with significantly fewer ischemic complications than
was standard treatment. (ClinicalTrials.gov number, NCT00164190.)
n engl j med 360;26
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rimary percutaneous coronary intervention (PCI) is an effective treatment
for myocardial infarction with ST-segment
elevation when it can be performed rapidly.1 However, primary PCI is performed at less than 25%
of acute care hospitals in the United States.2,3 Many
patients with myocardial infarction with ST-segment elevation present to hospitals that do not have
the capability of performing PCI and therefore
cannot undergo PCI within the timelines recommended in the guidelines4; instead, they receive
fibrinolysis as the initial reperfusion therapy. Although the proportion of such patients has decreased in recent years, 27.6% of the patients in
the National Registry of Myocardial Infarction
received fibrinolytic therapy in 2006.5
The advisability of transferring such patients
to a PCI center immediately after fibrinolysis for
routine early PCI remains unclear. Initial studies
of this issue did not show a clinical benefit of routine early PCI after fibrinolysis.6,7 More recent
studies, performed in the era of coronary stenting
and contemporary pharmacotherapy, have been
more encouraging but have not been adequately
powered to definitively establish the safety and efficacy of this approach.8-11 We therefore performed
a large, randomized trial to compare a strategy of
routine transfer and PCI within 6 hours after fibrinolysis with a standard strategy of transfer and
PCI only in cases in which fibrinolytic therapy has
failed.

Me thods
Study Design

The details of the trial design have been published
previously.12,13 The Trial of Routine Angioplasty
and Stenting after Fibrinolysis to Enhance Reperfusion in Acute Myocardial Infarction (TRANSFERAMI) was a randomized, nonblinded trial performed at 52 sites in three provinces (Ontario,
Manitoba, and Quebec) in Canada. The protocol
was designed by the authors and approved by the
local institutional research ethics committees at
all participating hospitals. Data collection, site
management, and data analysis were carried out
at the Canadian Heart Research Centre.
The study was sponsored by the Canadian Institutes of Health Research, Roche Canada, and
Abbott Vascular Canada; the sponsors had no
involvement in the study design, data analysis, or
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manuscript preparation. The authors vouch for
the accuracy and completeness of the data and
the analyses.
Study Population

Patients with myocardial infarction with ST-segment elevation who presented within 12 hours
after the onset of symptoms to participating centers that did not have the capability of performing PCI and who were treated with tenecteplase
were screened for eligibility. Participants were
eligible for inclusion in the study either if they
had ST-segment elevation of 2 mm or more in two
anterior leads or if they had ST-segment elevation
of 1 mm or more in two inferior leads and at least
one of the following high-risk characteristics:
systolic blood pressure of less than 100 mm Hg,
heart rate of more than 100 bpm, Killip class II
or III, ST-segment depression of 2 mm or more in
the anterior leads, or ST-segment elevation of 1 mm
or more in right-sided lead V4 (V4R), which is indicative of right ventricular involvement. Key exclusion criteria included cardiogenic shock before
randomization, PCI within the previous month,
previous coronary-artery bypass surgery, and the
availability of primary PCI with an anticipated doorto-balloon time of less than 60 minutes. All participants provided written informed consent.
Interventions

All patients received tenecteplase, aspirin, and unfractionated heparin or enoxaparin in the emergency department. The protocol was amended in
April 2005 to strongly recommend concomitant
treatment with clopidogrel at the time of fibrinolysis (at an initial dose of either 300 mg for participants 75 years of age or younger or 75 mg for
participants older than 75 years of age). Patients
older than 75 years of age did not receive enoxaparin.
Patients were randomly assigned to either the
group that received routine early PCI (hereinafter
termed the early-PCI group) or the group that received standard treatment. Randomization was
performed by the coordinating center (or in the
case of Manitoba, by a physician delegated by the
coordinating center) and was stratified according
to the referring site and the patient’s age (older
than 75 years of age vs. 75 years of age or younger). Patients who were assigned to the early-PCI
group were then transferred urgently to a PCI cen-
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ter with the goal of performing coronary angiography and PCI of the infarct-related artery within
6 hours after fibrinolysis. PCI was performed when
persistent occlusion or substantial stenosis of the
infarct-related artery (either stenosis of 70% or
more of the diameter of the artery or stenosis of
50 to 70% with thrombus, ulceration, or spontaneous dissection) was present.
Among patients assigned to the standard-treatment group, 12-lead electrocardiography was repeated 60 to 90 minutes after randomization; patients with persistent ST-segment elevation (i.e.,
a decrease in ST-segment elevation of less than
50%) and chest pain or with hemodynamic instability were transferred to another hospital for rescue PCI. All other patients in the standard-treatment group remained at their presenting hospital
for at least 24 hours. It was recommended that
patients undergo cardiac catheterization within
2 weeks after randomization, an approach that
is consistent with the standards of practice at participating sites.
Stents were implanted during PCI whenever
technically possible, and the use of Multi-Link
Vision and Multi-Link Mini Vision cobalt chromium bare-metal stents, provided free of charge by
Abbott Vascular Canada, was encouraged. The
protocol allowed for the use of glycoprotein IIb/
IIIa antagonists during PCI and for 12 hours (if
abciximab was the agent used) or 18 hours (if eptifibatide was used) after PCI at the discretion of
the interventional cardiologist.
End Points

The primary end point of the study was the combined incidence of death, reinfarction, recurrent
ischemia, new or worsening heart failure, or cardiogenic shock at 30 days. Secondary end points
included death or reinfarction at 6 months and
the incidence of bleeding complications, classified with the use of both the Thrombolysis in
Myocardial Infarction (TIMI) and the Global
Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries
(GUSTO) severity scales.14,15
During the first 18 hours after enrollment, reinfarction was diagnosed on the basis of recurrent
ST-segment elevation and recurrent chest pain lasting at least 30 minutes. After 18 hours, the diagnosis of reinfarction required that there be an
elevation in the MB fraction of creatine kinase to
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higher than the upper limit of the normal range
(more than three times the upper limit of normal
after PCI and more than five times the upper
limit of normal after coronary-artery bypass surgery) or new Q waves. Recurrent ischemia was
defined as chest pain lasting 5 minutes or longer
associated with ST-segment or T-wave changes.
New or worsening heart failure was defined as
heart failure that required treatment 6 hours or
more after enrollment and either pulmonary edema on a chest radiograph, rales, or a pulmonarycapillary wedge pressure greater than 18 mm Hg.
A diagnosis of cardiogenic shock was made when
the systolic blood pressure remained at less than
90 mm Hg without inotropic support or when
inotropic support was required to maintain systolic blood pressure above 90 mm Hg and there
was clinical evidence of hypoperfusion. All nonfatal components of the primary end point were
adjudicated by a clinical events committee whose
members were unaware of treatment-group assignments.
Statistical Analysis

Assuming an event rate for the primary end point
of 21% with the standard-treatment strategy and
a 5% loss to follow-up, we estimated that a sample size of 1200 patients would be needed for the
study to have 80% power to show a relative risk
reduction of 30% with the early-PCI strategy, at an
alpha level of 0.05. However, in November 2007,
the steering committee decided to stop enrollment
at the end of December 2007 owing to slowing
enrollment, lack of additional funding, and loss
to follow-up that was lower than anticipated.
An interim safety analysis was performed by
the data safety and monitoring committee on data
from the first 536 patients, and the committee
identified no safety concerns. No interim efficacy
analysis was performed.
All comparisons between the two treatment
groups are based on the intention-to-treat principle. All statistical tests were performed at a significance level of 0.05 (two-sided) and have not
been adjusted for multiple testing. Categorical variables are summarized with the use of absolute
frequencies and percentages, and numerical variables with the use of medians and interquartile
ranges. Between-group comparisons of the baseline characteristics and of the pretreatment evaluations were made to assess the similarity of the
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two treatment groups. Categorical variables were
compared with the use of the Pearson chi-square
test (Fisher’s exact test was applied if the number of observations per cell was fewer than five).
After assessment of normality with the Kolmogorov–Smirnov test, nonparametric tests (Wilcoxon rank-sum tests) were performed for the comparison of numerical variables between the two
treatment groups.
Between-group comparisons of the cumulative

of
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event rate at 30 days for the primary combined end
point and its components were performed with
the Pearson chi-square test or Fisher’s exact test.
The time to the primary combined end point was
analyzed with the use of the Kaplan–Meier method. The cumulative rates of death and of death
or reinfarction at 6 months were compared between the treatment groups with the use of the
chi-square test. The time to these end points was
analyzed with the use of the Kaplan–Meier meth-

Table 1. Baseline Characteristics of the Two Groups.*
Variable

Standard Treatment
(N = 522)

Routine Early PCI
(N = 537)

P Value

56

57

0.45

Age — yr
Median

50–66

51–66

Age >75 yr — no. (%)

Interquartile range

46 (8.8)

52 (9.7)

0.62

Female sex — no. (%)

105 (20.1)

111 (20.7)

0.82

11 (2.1)

3 (0.6)

0.03

Prior myocardial infarction — no. (%)

51 (9.8)

59 (11.0)

0.52

Prior PCI — no. (%)

22 (4.2)

34 (6.3)

0.12

Prior congestive heart failure — no. (%)

Prior stroke or transient ischemic attack — no. (%)

16 (3.0)

0.02

316/519 (60.9)

332/533 (62.3)

0.64

Hypertension — no. (%)

178 (34.1)

173 (32.2)

0.52

Dyslipidemia — no. (%)

149 (28.5)

147 (27.4)

0.67

80 (15.3)

79 (14.7)

0.78

80

80

0.68

70–91

70–90

145

145

130–160

130–164

History of smoking — no./total no. (%)

5 (1.0)

Diabetes — no. (%)
Weight — kg†
Median
Interquartile range
Blood pressure — mm Hg‡
Systolic
Median
Interquartile range

0.67

Diastolic
Median
Interquartile range

84

84

74–96

73–95

0.85

Heart rate — bpm§
Median
Interquartile range

77

74

66–90

63–88

Killip class — no./total no. (%)

2708

0.06
0.39

I

480/522 (92.0)

488/535 (91.2)

II

37/522 (7.1)

36/535 (6.7)

III

4/522 (0.8)

6/535 (1.1)

IV

1/522 (0.2)

5/535 (0.9)
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Table 1. (Continued.)
Standard Treatment
(N = 522)

Routine Early PCI
(N = 537)

P Value

Anterior

271 (51.9)

302 (56.2)

0.16

Inferior¶

250 (47.9)

236 (43.9)

0.20

With systolic BP <100 mm Hg

48 (9.2)

52 (9.7)

0.79

With heart rate >100 bpm

29 (5.6)

28 (5.2)

0.81

With Killip class II or III

17 (3.3)

13 (2.4)

0.41

With ≥2-mm ST depression in the anterior leads

162 (31.0)

157 (29.2)

0.52

With ≥1-mm ST elevation in lead V4R

101 (19.3)

96 (17.9)

0.54

Variable
ST-segment elevation — no. (%)

Time from symptom onset to administration of tenecteplase
— min‖
Median
Interquartile range

115

113

75–191

74–182

25

27

16–41

17–44

0.72

Time from hospital presentation to administration of tenecteplase — min‡
Median
Interquartile range

0.07

* BP denotes blood pressure, PCI percutaneous coronary intervention, and V4R right-sided lead V4.
† Data were calculated on the basis of 521 patients in the standard-treatment group and 536 in the early-PCI group.
‡ Data were calculated on the basis of 522 patients in the standard-treatment group and 536 in the early-PCI group.
§ Data were calculated on the basis of 521 patients in the standard-treatment group and 535 in the early-PCI group.
¶ To qualify for participation in the trial, patients presenting with inferior ST-segment elevation were required to have at
least one of the following high-risk characteristics: systolic blood pressure less than 100 mm Hg, heart rate more than
100 bpm, Killip class II or III, ST-segment depression of 2 mm or more in the anterior leads, or ST-segment elevation
of 1 mm or more in lead V4R.
‖ Data were calculated on the basis of 522 patients in the standard-treatment group and 535 in the early-PCI group.

od. The incidence of bleeding complications during the index hospitalization, as assessed according to the TIMI and GUSTO classifications of
bleeding severity, was compared with the use of
the Pearson chi-square test or Fisher’s exact test.

R e sult s
Patients

From July 10, 2004, through December 27, 2007,
1059 patients were randomly assigned to the standard-treatment group (522 patients) or the earlyPCI group (537 patients). Baseline characteristics
were well balanced between the two groups except
that there was a higher prevalence of previous
stroke or transient ischemic attack in the earlyPCI group than in the standard-treatment group
and a higher prevalence of previous congestive
heart failure in the standard-treatment group than
in the early-PCI group (Table 1).

n engl j med 360;26

Procedures

Cardiac catheterization was performed in 88.7%
of the patients in the standard-treatment group
at a median of 32.5 hours after randomization and
in 98.5% of the patients in the early-PCI group at
a median of 2.8 hours after randomization (Table
2 and Fig. 1). PCI was performed in 67.4% of the
patients in the standard-treatment group at a median of 21.9 hours after randomization and in
84.9% of the patients in the early-PCI group at a
median of 3.2 hours after randomization.
Urgent catheterization was performed within
12 hours after fibrinolysis in 182 (34.9%) of the
patients in the standard-treatment group (Fig. 1).
The indications for urgent catheterization among
these patients included reinfarction (20 patients),
cardiogenic shock (7), new or worsening heart
failure (2), recurrent ischemia (3), and persistent
chest pain, ST-segment elevation, or both (131).
In the case of the remaining 19 patients, the in-
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dication for urgent catheterization was not documented.
Stents were implanted in 98.3% of the patients
who underwent PCI, and glycoprotein IIb/IIIa antagonists were administered in 82.5%. Aside from
a higher rate of clopidogrel use in the early-PCI
group, the use of evidence-based medical therapy
was similar between the treatment groups.

and all but one patient in the early-PCI group
(99.9% overall). The clinical end points are shown
in Table 3. The primary end point occurred in
11.0% of the patients in the early-PCI group and
in 17.2% of the patients in the standard-treatment
group (relative risk with early PCI, 0.64; 95% confidence interval [CI], 0.47 to 0.87; P = 0.004) (Fig. 2).
There were also significantly lower rates in the
early-PCI group than in the standard-treatment
Efficacy Outcomes
group of recurrent ischemia (0.2% vs. 2.1%) and
A follow-up evaluation at 30 days was completed new or worsening congestive heart failure (3.0%
for all patients in the standard-treatment group vs. 5.6%). Fewer episodes of reinfarction were seen
Table 2. Interventions Used in the Two Groups.*
Standard Treatment
(N = 522)

Routine Early PCI
(N = 537)

Aspirin

509 (97.5)

525 (97.8)

0.79

Clopidogrel

359 (68.8)

475 (88.5)

<0.001

Unfractionated heparin

239 (45.8)

266 (49.5)

0.22

Enoxaparin

282 (54.0)

269 (50.1)

0.20

Intervention

P Value

Drug therapy
Before admission or within the first 6 hr — no. (%)

With fibrinolysis — no. (%)

At discharge — no./total no. (%)†
Aspirin

468/506 (92.5)

487/513 (94.9)

0.11

Clopidogrel

412/506 (81.4)

463/513 (90.3)

<0.001

Beta-blocker

432/506 (85.4)

462/513 (90.1)

0.02

ACE inhibitor or angiotensin-receptor blocker

409/506 (80.8)

425/513 (82.8)

0.40

Statin

453/506 (89.5)

463/513 (90.3)

0.70

463 (88.7)

529 (98.5)

<0.001

32.5

2.8

<0.001

4.0–69.1

2.2–3.8

Cardiac catheterization
Total — no. (%)
Time from randomization to insertion of arterial sheath
— hr‡
Median
Interquartile range
Single-vessel coronary artery disease — no./total no. (%)

216/463 (46.7)

227/529 (42.9)

0.24

Left anterior descending

228/463 (49.2)

277/529 (52.4)

0.33

Right

163/463 (35.2)

190/529 (35.9)

0.82

50/463 (10.8)

50/529 (9.5)

0.48

2/463 (0.4)

4/529 (0.8)

0.51

Infarct-related coronary artery — no./total no. (%)

Left circumflex
Left main
Baseline TIMI flow — no./total no. (%)

2710

0.06

0

83/405 (20.5)

88/511 (17.2)

1

37/405 (9.1)

68/511 (13.3)

2

56/405 (13.8)

89/511 (17.4)

3

229/405 (56.5)

266/511 (52.1)
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Table 2. (Continued.)
Intervention

Standard Treatment
(N = 522)

Routine Early PCI
(N = 537)

P Value

352 (67.4)

456 (84.9)

<0.001

21.9

3.2

<0.001

3.9–73.8

2.5–4.2

22.7

3.9

4.5–74.3

3.1–4.9

285/349 (81.7)

382/455 (84.0)

64/349 (18.3)

73/455 (16.0)

0.39

11/352 (3.1)

19/456 (4.2)

0.44

PCI
Total — no. (%)
Time from randomization to first balloon inflation — hr§
Median
Interquartile range
Time from administration of tenecteplase to first balloon
inflation — hr¶
Median
Interquartile range

<0.001

Access — no./total no. (%)
Femoral
Radial
Thrombectomy — no./total no. (%)
Stent implanted — no./total no. (%)
≥1 bare-metal

349/352 (99.1)

445/456 (97.6)

0.09

264/352 (75.0)

377/456 (82.7)

0.008

≥1 drug-eluting
Glycoprotein IIb/IIIa inhibitor use — no. (%)

0.39

97/352 (27.6)

80/456 (17.5)

<0.001

286/352 (81.2)

381/456 (83.6)

0.39

12.4

3.8

<0.001

4.2–68.3

3.0–4.8

Time from administration of tenecteplase to infusion of
glycoprotein IIb/IIIa inhibitor — hr
Median
Interquartile range
Duration of glycoprotein IIb/IIIa inhibitor infusion — hr
Median
Interquartile range

13.8

12.1

12.0–18.1

11.9–16.8

Final TIMI flow — no./total no. (%)

<0.001
0.58

0

3/339 (0.9)

2/451 (0.4)

1

3/339 (0.9)

4/451 (0.9)

2

12/339 (3.5)

24/451 (5.3)

3

321/339 (94.7)

421/451 (93.3)

Coronary-artery bypass grafting — no. (%)

45 (8.6)

38 (7.1)

0.35

* ACE denotes angiotensin-converting enzyme, PCI percutaneous coronary intervention, and TIMI Thrombolysis in Myo
cardial Infarction.
† The total number represents the number of patients who were discharged alive.
‡ Data were from 449 patients in the standard-treatment group and 528 in the early-PCI group.
§ Data were from 348 patients in the standard-treatment group and 455 in the early-PCI group.
¶ Data were from 348 patients in the standard-treatment group and 454 in the early-PCI group.

with routine early PCI than with standard treatment (3.4% vs. 5.7%), but this trend was not significant.
Information on death and reinfarction at
6 months was available for 1039 patients (98.1%).
At 6 months, the rates of reinfarction and of death
or reinfarction did not differ significantly between
the two groups (Table 3 and Fig. 3).
n engl j med 360;26

Adverse Events

Complications requiring treatment developed during transfer in 3.0% of the patients in the standardtreatment group who were transferred to a PCI facility and in 2.4% of the patients in the early-PCI
group (all of whom were transferred to a PCI facility). The most common complication was hypotension. The only death that occurred during
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Time from Randomization to Cardiac Catheterization (hr)

24 to <48
12 to <24
11 to <12
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Standard treatment
(N=463)
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Figure 1. Time from Randomization to Cardiac Catheterization in the Two
Treatment Groups.
PCI denotes percutaneous coronary intervention.
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Discussion
In this trial, we compared a strategy of prompt
interhospital transfer for early PCI after fibrinolysis with a standard strategy of transfer for PCI
only in cases in which fibrinolytic therapy has
2712
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failed among 1059 patients presenting with STelevation myocardial infarction who could not undergo timely primary PCI. The primary end point,
a composite of death, reinfarction, recurrent is
chemia, congestive heart failure, or cardiogenic
shock at 30 days, occurred significantly less frequently with early PCI than with standard therapy.
No significant differences in the rates of major
bleeding or transfusion were seen.
Trials of early PCI after fibrinolysis that were
performed in the time before stents were used did
not show a clinical benefit of this strategy and
showed higher rates of major bleeding complications.16 In one trial, there was a trend to higher
mortality with early PCI.6 One explanation that
was proposed for the lack of benefit was that
there is a risk of reocclusion after standard balloon angioplasty.17 The implantation of coronary
stents and the use of glycoprotein IIb/IIIa antagonists and thienopyridines reduce the incidence of
reocclusion after successful PCI.18-20 It is also possible that higher rates of bleeding episodes with
early PCI may have offset any benefit achieved with
this intervention. Bleeding rates after PCI have
been reduced with the use of smaller sheaths, earlier removal of sheaths, radial access, the administration of lower doses of anticoagulants, and the
elimination of postprocedural heparin infusions.21
The use of highly fibrin-specific fibrinolytic agents
such as tenecteplase is associated with lower rates
of noncerebral bleeding.22 Furthermore, the rates
of emergency coronary-artery bypass surgery after
PCI have dropped dramatically since the use of
coronary stents has become routine.23 All these
advances have made PCI safer and more effective
when performed early after fibrinolysis.
Trials performed after widespread use of stents
became routine have shown encouraging results
for PCI performed early after fibrinolysis.8-10,24-26
Our results are consistent with those of smaller
trials and meta-analyses of trials in which contemporary PCI techniques and pharmacotherapy
were used.8-10,16,24-28 Our findings are similar to
those seen in the recent Combined Abciximab
Reteplase Stent Study in Acute Myocardial Infarction trial (CARESS-in-AMI; ClinicalTrials.gov
number, NCT00220571), in which a half-dose of
reteplase combined with abciximab was used as
the initial reperfusion therapy.26 The results of
that trial, together with those of our study, suggest that, in order to be effective, such strategies
would probably require adequate antiplatelet ther-
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Table 3. Clinical End Points.*
Standard Treatment
(N = 522)

Routine Early PCI
(N = 536)†

Relative Risk with
Routine Early PCI
(95% CI)

P Value

Primary end point‡

90 (17.2)

59 (11.0)

0.64 (0.47–0.87)

0.004

Death

18 (3.4)

24 (4.5)

1.30 (0.71–2.36)

0.39

Reinfarction

30 (5.7)

18 (3.4)

0.57 (0.33–1.04)

0.06

Death or reinfarction

47 (9.0)

38 (7.1)

0.79 (0.52–1.19)

0.25

Recurrent ischemia

11 (2.1)

1 (0.2)

0.09 (0.01–0.68)

0.003

Death, reinfarction, or recurrent ischemia

58 (11.1)

39 (7.3)

0.65 (0.44–0.96)

0.03

New or worsening congestive heart failure

29 (5.6)

16 (3.0)

0.54 (0.30–0.98)

0.04

Cardiogenic shock

16 (3.1)

24 (4.5)

1.46 (0.79–2.72)

0.23

Death

23/511 (4.5)

30/528 (5.7)

1.27 (0.77–2.23)

0.39

Reinfarction

33/511 (6.5)

21/528 (4.0)

0.60 (0.34–1.05)

0.07

Death or reinfarction

54/511 (10.6)

47/528 (8.9)

0.83 (0.55–1.25)

0.36

84 (16.1)

110 (20.5)

1.27 (0.98–1.65)

0.06

End Point
Efficacy end points at 30 days — no. (%)

Efficacy end points at 6 mo — no./total no. (%)

Safety end points during index hospitalization —
no. (%)
Any bleeding
Intracranial hemorrhage

6 (1.1)

3 (0.6)

0.49 (1.22–1.93)

0.34

18 (3.4)

27 (5.0)

1.46 (0.81–2.61)

0.20

Minor

17 (3.3)

26 (4.8)

1.49 (0.82–2.71)

0.19

Major

47 (9.0)

40 (7.4)

0.83 (0.55–1.24)

0.36

Major, non–CABG-related

25 (4.8)

18 (3.4)

0.70 (0.39–1.27)

0.24

Mild

47 (9.0)

70 (13.0)

1.45 (1.02–2.05)

0.04

Moderate

29 (5.6)

34 (6.3)

1.14 (0.70–1.84)

0.59

8 (1.5)

6 (1.1)

0.73 (0.25–2.09)

0.55

Bleeding at access site
TIMI bleeding

GUSTO bleeding

Severe
Severe, non–CABG-related

7 (1.3)

5 (0.9)

0.69 (0.22–2.17)

0.53

Major TIMI or severe GUSTO bleeding

47 (9.0)

40 (7.4)

0.83 (0.55–1.24)

0.36

Transfusion

32 (6.1)

40 (7.4)

1.22 (0.78–1.90)

0.39

* CABG denotes coronary-artery bypass grafting, CI confidence interval, GUSTO Global Use of Strategies to Open Occluded Coronary Arteries,
PCI percutaneous coronary intervention, and TIMI Thrombolysis in Myocardial Infarction.
† In this group, the efficacy end points were calculated on the basis of 536 patients because 1 patient was lost to follow-up at 30 days. The
safety end points were calculated on the basis of all 537 patients in the group.
‡ The primary end point was the composite of death, reinfarction, recurrent ischemia, new or worsening congestive heart failure, or cardiogenic shock within 30 days.

apy with either glycoprotein IIb/IIIa antagonists
combined with reduced-dose fibrinolysis or clo
pidogrel combined with full-dose fibrinolysis and
the liberal use of glycoprotein IIb/IIIa antagonists
during PCI.
The strategy of PCI performed a few hours
after fibrinolysis — which was evaluated in our

n engl j med 360;26

trial — should be distinguished from the strategy
of PCI performed immediately after fibrinolysis,
an approach that has been termed facilitated PCI.29
Clinical trials of facilitated PCI have shown increased rates of bleeding and no clinical benefit
with that strategy as compared with primary PCI
alone.30,31 Although the reasons for these disap-
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sumably a patient can be transferred for elective
or urgent PCI if ischemia recurs. The benefit of
routine early PCI with respect to new or worsening heart failure must be considered to be of uncertain significance, since new or worsening heart
failure is only one of several secondary end points
evaluated. The trend toward a reduction in the rate
of reinfarction with routine early PCI was not significant.
An alternative to the approach used in this trial
would be a strategy of prompt transfer to a PCI
center after fibrinolysis, followed by the selective
use of PCI for only those patients with failed re
perfusion or subsequent ischemic complications.
This strategy, which might be designated “transfer and wait,” was not studied in our trial. In our
trial, nearly a third of the patients in the standardtherapy group underwent urgent catheterization
within 12 hours after fibrinolysis, suggesting that
a substantial number of patients for whom a
transfer-and-wait strategy would be adopted (at
least patients with a similar risk profile to that of
our trial population) would require intervention.
In conclusion, among patients presenting with
a myocardial infarction with ST-segment elevation who could not undergo timely primary PCI,
we compared a strategy of prompt interhospital
transfer for early PCI after fibrinolysis with a standard strategy of transfer for PCI only when fibrinolysis fails. The primary end point, a composite

of

m e dic i n e

of death, reinfarction, recurrent ischemia, congestive heart failure, or cardiogenic shock at 30 days,
occurred significantly less frequently with the
early-PCI strategy than with standard therapy.
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