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ABSTRACT

Background As compared with thrombolytic ther-
apy, primary percutaneous transluminal coronary an-
gioplasty (PTCA) in acute myocardial infarction reduc-
es the rates of death, reinfarction, and stroke, but
recurrent ischemia, restenosis, and reocclusion of the
infarct-related artery remain problematic. When used
in combination with PTCA, coronary stenting and
platelet glycoprotein lIb/llla inhibitors may further im-
prove outcomes.

Methods Using a 2-by-2 factorial design, we ran-
domly assigned 2082 patients with acute myocardial
infarction to undergo PTCA alone (518 patients), PTCA
plus abciximab therapy (528), stenting alone with the
MultiLink stent (512), or stenting plus abciximab ther-
apy (524).

Results Normal flow was restored in the target
vessel in 94.5 to 96.9 percent of patients and did not
vary according to the reperfusion strategy. At six
months, the primary end point — a composite of
death, reinfarction, disabling stroke, and ischemia-
driven revascularization of the target vessel — had
occurred in 20.0 percent of patients after PTCA, 16.5
percent after PTCA plus abciximab, 11.5 percent after
stenting, and 10.2 percent after stenting plus abcix-
imab (P<0.001). There were no significant differenc-
es among the groups in the rates of death, stroke, or
reinfarction; the difference in the incidence of the
primary end point was due entirely to differences in
the rates of target-vessel revascularization (ranging
from 15.7 percent after PTCA to 5.2 percent after
stenting plus abciximab, P<0.001). The rate of angio-
graphically established restenosis was 40.8 percent
after PTCA and 22.2 percent after stenting (P<<0.001),
and the respective rates of reocclusion of the infarct-
ed-related artery were 11.3 percent and 5.7 percent
(P=0.01), both independent of abciximab use.

Conclusions At experienced centers, stent implan-
tation (with or without abciximab therapy) should be
considered the routine reperfusion strategy. (N Engl
J Med 2002;346:957-66.)

Copyright © 2002 Massachusetts Medical Society.

N Engl ] Med, Vol. 346, No. 13 -

S compared with thrombolytic reperfusion

in acute myocardial infarction, primary per-

cutaneous transluminal coronary angioplas-

ty (PTCA) increases the rates of patency
of the infarcted artery, improves survival rates, and
reduces the rates of reinfarction and stroke.* How-
ever, ischemia and reinfarction recur within one month
in 10 to 15 percent and 3 to 5 percent of patients,
respectively, and late restenosis or reocclusion of the
infarcted artery develops in as many as 50 percent
and 10 percent, respectively — events that increase
morbidity, mortality, and costs.3¢ Outcomes may be
further improved if coronary stents”!® and platelet
glycoprotein IIb/I1Ia inhibitors!6-1? are used in con-
junction with PTCA. We therefore performed a large-
scale multicenter, prospective, randomized trial to
determine the optimal reperfusion strategy in patients
with evolving acute myocardial infarction.

METHODS
Study Population and Study Protocol

The study was conducted from November 1997 to September
1999. Inclusion criteria were an age of more than 18 years, the pres-
ence for at least 30 minutes but less than 12 hours of symptoms
consistent with acute myocardial infarction, and the presence of
ST-segment elevation in at least two contiguous leads or left bun-
dle-branch block. Patients with other electrocardiographic patterns
were enrolled if angiography demonstrated that they had a high-
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grade stenosis and associated abnormalities in regional wall motion.
Patients were excluded if they were in cardiogenic shock (defined as
systolic blood pressure of less than 80 mm Hg for more than 30
minutes or the need for intravenous pressors or intraaortic-balloon
counterpulsation); had a history of bleeding diathesis or allergy to
the study drug; had undergone major surgery within the preceding
six weeks; had had gastrointestinal or genitourinary bleeding with-
in the preceding six months; had had a cerebrovascular event within
the preceding two years or had any permanent residual neurologic
defect; had a history of leukopenia, thrombocytopenia, or hepatic
or renal dysfunction; had recently received a thrombolytic agent;
had a noncardiac illness associated with a life expectancy of less than
one year; or were participating in another study. The study was ap-
proved by the institutional review board or ethics committee at each
participating center, and consecutive, eligible patients provided writ-
ten informed consent.

Before undergoing catheterization, patients received 324 mg of
chewable aspirin (or 250 mg intravenously at European centers),
500 mg of ticlopidine or 300 mg of clopidogrel orally, a 5000-U
bolus of heparin, and a beta-blocker intravenously in the absence
of contraindications. Left ventriculography and arteriography were
performed with the use of ioxaglate, and all patients who met the
angiographic enrollment criteria underwent randomization. The an-
giographic inclusion criterion was the finding of a native coronary-
artery vessel with a lesion that was no longer than 64 mm and that
had a reference diameter of 2.5 to 4.0 mm. Patients were excluded
if the angiographic findings indicated that noninterventional (med-
ical or surgical) management was the proper approach, if multives-
sel angioplasty was required during the index procedure, or if pre-
specified anatomical conditions were present that would reduce the
likelihood of successful stenting. Patients who were excluded from
randomization received clinically appropriate treatment.

Patients were randomly assigned in a balanced fashion to one of
four interventional strategies of reperfusion with the use of a 2-by-2
factorial design: PTCA alone, PTCA plus abciximab, stenting alone,
or stenting plus abciximab. The stent used was the MultiLink2?° or
MultiLink Duet?! (Guidant, Santa Clara, Calif), available in diam-
eters ranging from 2.5 to 4.0 mm and in multiple lengths, up to
38 mm. Abciximab (ReoPro, Centocor, Malvern, Pa.), which binds
to the glycoprotein IIb/IIla receptor of human platelets and in-
hibits platelet aggregation, was administered as a bolus of 0.25 mg
per kilogram of body weight, followed by a 12-hour infusion at a
rate of 0.125 ug per kilogram per minute (maximum, 10 pg per
minute). The dose of heparin was calculated with use of a nomo-
gram to achieve an activated clotting time of at least 350 seconds
(200 to 300 seconds among the patients assigned to receive ab-
ciximab). In the two PTCA groups, crossover to stenting was al-
lowed if, after PTCA, there was residual stenosis of more than 50
percent despite prolonged balloon inflations or a dissection of at
least type C. In the two groups of patients who were not assigned
to receive abciximab, crossover to abeiximab therapy was allowed
after the intervention if flow could not be reestablished in the ab-
sence of a mechanical obstruction (“no retflow”), despite therapy
with intracoronary calcium-channel blockers, or if there was per-
sistent thrombus within or adjacent to the stent.

After the intervention, patients received 325 mg of aspirin daily,
as well as beta-blockers and angiotensin-converting—enzyme inhib-
itors, if these agents were not contraindicated. Patients who received
stents were given 250 mg of ticlopidine orally twice daily or 75 mg
of clopidogrel orally per day for four weeks. Follow-up visits were
scheduled at 1, 6, and 12 months. According to the study protocol,
follow-up angiography was prespecified at seven months in a sub-
group of 900 consecutive patients who had not had a stroke and
were not scheduled to undergo carly bypass surgery.

Data Collection and Management

Clinical data were prospectively collected by research nurses, and
follow-up was performed during office visits to physicians. Inde-
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pendent study monitors verified 100 percent of the data for the case-
report form on site. The data for all patients with primary end-point
events were reviewed by an independent adjudication committee
whose members were unaware of patients’ treatment assignments.
A data safety and monitoring committee reviewed blinded data af-
ter 250, 500, and 1000 patients had undergone randomization, and
each time it recommended that the study continue without mod-
ification. Independent analysis was performed at the core angio-
graphic laboratory as previously described?? by technicians who
were unaware of patients’ clinical outcomes. All films were reread for
accuracy by one physician. The left ventricular ejection fraction was
calculated with use of the area—length method,?? and regional wall
motion was determined with use of the centerline chord method.2
The investigators had full access to the data and independently con-
firmed all analyses initially performed by the sponsor.

Statistical Analysis

The primary end point was a composite of death from any cause,
reinfarction, repeated intervention or revascularization of the target
vessel as a result of ischemia, or disabling stroke during the first six
months after the index procedure. Reinfarction was defined by
the presence of recurrent ischemic symptoms or electrocardiograph-
ic changes accompanied by a creatine kinase level that was more
than twice the upper limit of the normal range (with an elevated
MB isoform level) or more than 50 percent higher than the previ-
ous value obtained during hospitalization. Revascularization of the
target vessel was considered to have been prompted by ischemia if
there was evidence of ischemia during functional testing or of an-
gina. Disabling stroke was defined as an acute neurologic deficit
that lasted more than 24 hours and aftfected the ability to perform
daily activities or resulted in death.

Two primary hypotheses were prespecified: stenting without ab-
ciximab is superior to PTCA without abciximab, and stenting with-
out abciximab is not inferior to PTCA plus abciximab. With respect
to the first hypothesis, we calculated that a total of 966 patients
would be required, using a two-sided test for differences in inde-
pendent binomial proportions at the 2.5 percent level of signifi-
cance (with Bonferroni’s correction) and given an expected rate of
events of 30 percent after PTCA,23:6.10-1¢ for the study to have more
than 90 percent power to detect a reduction in the primary end
point of 10 percentage points after stenting. With respect to the
second hypothesis, we used the Blackwelder method?s to estimate
that a total of 898 randomized patients would be required for the
study to have more than 80 percent power to detect the preserva-
tion of a difference of 7.5 percentage points between the event rate
for PTCA plus abciximab and that for stenting without abciximab,
using a significance level of 2.5 percent and an expected event rate
of 20 percent for PTCA plus abciximab.

We used the likelihood-ratio chi-square test or Fisher’s exact
test to compare categorical variables. Continuous variables are pre-
sented as medians and interquartile ranges and were compared
with use of one-way analysis of variance or the Kruskal-Wallis test
and, in pairwise analyses, with use of the Wilcoxon two-sample test.
Time-to-event data were analyzed with use of survival techniques
and compared with use of the log-rank test. All cross-group pair-
wise statistical comparisons are reported if the results of the log-
rank test for the four treatment groups were statistically signifi-
cant (a=0.05)26; otherwise, the two-way significance level was
set at 0.01 to correct for multiple comparisons. The influence of
base-line demographic and angiographic variables on the primary
end point at six months was evaluated with use of logistic regres-
sion with Wald’s chi-square test, and the results are expressed as
odds ratios with 95 percent confidence intervals. All analyses were
conducted according to the intention-to-treat principle unless oth-
erwise stated, and all P values are two-sided. Statistical tests were
performed with SAS for Windows, version 8.02 (SAS Institute,
Cary, N.C.).
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RESULTS
Patient Population and Base-Line Characteristics

A total of 2681 patients with acute myocardial in-
farction were enrolled at 76 centers in nine countries,
of whom 2082 (77.7 percent) met the angiographic
criteria for stent implantation and underwent random-
ization. The base-line characteristics of the patients
were similar in the four randomized groups (Table 1).
Patients were excluded for the following reasons (some
met more than one exclusion criterion): the lesion was
longer than 64 mm (in 56 patients); the reference
diameter was less than 2.5 mm or more than 4.0 mm
(in 118); stenosis was present within a stent (in 36);
the culprit lesion was in a vein graft (in 52); there was
excessive tortuosity (in 90), calcification (in 64), in-
volvement of major side branches (in 31), or discase of

the left main coronary artery or ostia (in 67); or mul-
tivessel angioplasty (in 36), surgical management (in
221), or medical management (in 139) was indicated.

Among the 599 patients who did not undergo ran-
domization, 190 (31.7 percent) were treated medically,
140 (23.4 percent) underwent bypass surgery, and 269
(44.9 percent) underwent PTCA before being dis-
charged from the hospital, of whom 142 received
stents. Thus, 88.6 percent of all patients who under-
went primary angioplasty and 94.6 percent of those
who received or were eligible to receive a stent under-
went randomization.

Procedural Results

Approximately 16 percent of patients who were
randomly assigned to undergo PTCA received stents
because the results of balloon angioplasty were sub-

TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

CHARACTERISTIC

Age (yr)
Median
Interquartile range
Range
Male sex (% of patients)
Diabetes mellitus (% of patients)
Hypertension (% of patients)
Hyperlipidemia (% of patients)
Current cigarette use (% of patients)
Prior myocardial infarction (% of patients)
Prior PTCA (% of patients)
Prior coronary bypass surgery (% of patients)
Prior stroke or transient ischemic attack (% of patients)
Killip class =II (% of patients)
ST-segment clevation or left bundle-branch block
(% of patients)
Myocardial infarction without ST-segment elevation
(% of patients)
Time from onset of symptoms to hospital presentation (hr)
Median
Interquartile range
Time from hospital presentation to angioplasty (hr)
Median
Interquartile range
Angiographic features
Single-vessel disease (% of patients)
Double-vessel disease (% of patients)
Triple-vessel disease (% of patients)
Left ventricular ejection fraction
Median
Interquartile range
Infarct-related vessel (% of patients)
Left anterior descending coronary artery
Left circumflex artery
Right coronary artery
Left main coronary artery (protected)

PTCA pLUS STENTING PLUS
PTCA ABCIXIMAB  STENTING ABCIXIVAB P
(N=518) (N=528) (N=512) (N=524) VALUE
59 60 60 59 0.58
50-68 51-69 51-68 51-69 —
21-90 29-91 28-95 24-94 —
71.4 74.1 72.5 74.0 0.73
15.3 15.7 16.2 19.3 0.30
448 51.7 50.2 45.6 0.07
35.7 40.7 37.5 37.6 0.41
41.9 43.6 45.1 42.0 0.69
13.9 15.9 11.9 13.0 0.28
11.8 12.3 8.8 11.8 0.24
2.3 2.3 1.2 1.9 0.48
4.1 2.7 2.3 2.9 0.41
9.9 11.1 11.4 11.2 0.53
87.9 88.2 87.3 87.8 0.98
12.1 11.8 12.7 12.2 0.98
0.12
1.8 1.6 1.9 1.8
1.0-3.9 1.0-3.0 1.1-3.8 1.0-3.3
0.99
2.1 2.0 2.0 2.0
1.5-2.8 1.5-27 1.5-2.7 1.5-2.7
54.2 49.8 48.8 51.9 0.31
31.3 32.8 35.7 33.2 0.49
14.5 17.4 15.4 14.9 0.55
0.33
0.48 0.50 0.50 0.50
0.40-0.55 0.40-0.56 0.40-0.56 0.40-0.60
394 354 38.5 33.8 0.20
16.0 17.8 17.4 19.3 0.59
44.6 46.6 44.1 46.9 0.74
0 0.2 0 0 0.99

*PTCA denotes percutancous transluminal coronary angioplasty.
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optimal, and less than 10 percent of patients who were
assigned to undergo PTCA or stenting alone received
abciximab. The minimal luminal diameter was signif-
icantly greater (P<<0.001) and the degree of residual
stenosis significantly lower (P<<0.001) after stenting
than after PTCA (Table 2). Flow rates of grade 3 ac-
cording to the classification of the Thrombolysis in

Myocardial Infarction (TIMI) trial were achieved in
94.5 to 96.9 percent of patients, whatever their ran-
domization assignment.

Major Adverse Cardiac Events

At 30 days, the incidence of the primary end point
— a composite of death, reinfarction, revasculariza-

TABLE 2. PROCEDURAL RESULTS.*

PTCA
VARIABLE (N=518)
One or more stents implanted 18.1

(% of patients)
No. of stents implantedt
Median 1
Interquartile range
Length of stent (mm)f
Median —
Interquartile range —
Maximal size of balloon or
stent (mm)
Median
Interquartile range

35
3.0-35
Maximal pressure (atm)

Median 10

Interquartile range 8-12
Abciximab therapy (% of patients) 7.3
TIMI flow (% of patients)

Before procedure

Grade 0 or 1 71.0
Grade 2 9.7
Grade 3 19.3
After procedure
Grade 0 or 1 1.0
Grade 2 4.3
Grade 3 94.7
Reference diameter (mm)
Before procedure
Median 2.95
Interquartile range 2.61-3.31
Final
Median 2.96
Interquartile range 2.60-3.34
Minimal luminal diameter (mm)
Before procedure
Median 0
Interquartile range 0-0.64
Final§
Median 2.20
Interquartile range 1.92-2.55
Extent of stenosis (%)
Before procedure
Median 100
Interquartile range 77.0-100

Final§

Median 25.2
Interquartile range 16.7-34.3

PTCA pLUS STENTING PLUS
ABCIXIMAB STENTING ABCIXIMAB
(N=528) (N=512) (N=524) P VALUE
14.0 98.0 97.7 —
1 1 1
1-2 1-2 1-1
0.94
— 25 25
— 18-35 15-35
0.69
35 3.5 3.5
3.0-3.5 3.0-3.5 3.0-3.5
<0.001
10 14t 141
8-12 12-16 12-16
99.1 4.7 99.4 —
66.7 68.0 66.0 0.33
9.7 10.7 10.0 0.95
23.6 21.3 24.0 0.24
1.6 1.8 1.2 0.69
2.3 3.7 1.9 0.08
96.1 94.5 96.9 0.16
0.06
2.96 2.89 3.01
2.56-3.31 2.61-3.31 2.65-3.37
0.02
2.95 2.96 3.03%
2.60-3.35 2.64-3.35 2.69-3.42
0.49
0 0 0
0-0.75 0-0.70 0-0.74
<0.001
2.15 2.64% 2.70%
1.88-2.55 2.37-2.90 247-2.99
0.48
100 100 100
73.4-100 75.1-100 75.4-100
<0.001
25.2 11.7% 10.8%
18.2-33.2 3.8-18.9 3.8-17.6

*PTCA denotes percutaneous transluminal coronary angioplasty, and TIMI Thrombolysis in My-

ocardial Infarction.

1Only patients who received one or more stents are included.
$P<0.001 for the two-way comparison with PTCA and with PTCA plus abciximab.

§Measurements were made within a lesion or within a stent if a stent was implanted.
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