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BSTRACT

 

Background

 

Coronary-stent implantation is fre-
quently performed for treatment of acute myocardial
infarction. However, few studies have compared stent
implantation with primary angioplasty alone.

 

Methods

 

We designed a multicenter study to com-
pare primary angioplasty with angioplasty accompa-
nied by implantation of a heparin-coated Palmaz–
Schatz stent. Patients with acute myocardial infarction
underwent emergency catheterization and angioplas-
ty. Those with vessels suitable for stenting were ran-
domly assigned to undergo angioplasty with stenting
(452 patients) or angioplasty alone (448 patients).

 

Results

 

The mean (±SD) minimal luminal diame-
ter was larger after stenting than after angioplasty
alone (2.56±0.44 mm vs. 2.12±0.45 mm, P<0.001),
although fewer patients assigned to stenting had
grade 3 blood flow (according to the classification of
the Thrombolysis in Myocardial Infarction trial) (89.4
percent, vs. 92.7 percent in the angioplasty group;
P=0.10). After six months, fewer patients in the stent
group than in the angioplasty group had angina (11.3
percent vs. 16.9 percent, P=0.02) or needed target-ves-
sel revascularization because of ischemia (7.7 percent
vs. 17.0 percent, P<0.001). In addition, the combined
primary end point of death, reinfarction, disabling
stroke, or target-vessel revascularization because of
ischemia occurred in fewer patients in the stent
group than in the angioplasty group (12.6 percent vs.
20.1 percent, P<0.01). The decrease in the combined
end point was due entirely to the decreased need for
target-vessel revascularization. The six-month mor-
tality rates were 4.2 percent in the stent group and
2.7 percent in the angioplasty group (P=0.27). An-
giographic follow-up at 6.5 months demonstrated a
lower incidence of restenosis in the stent group than
in the angioplasty group (20.3 percent vs. 33.5 per-
cent, P<0.001).

 

Conclusions

 

In patients with acute myocardial in-
farction, routine implantation of a stent has clinical
benefits beyond those of primary coronary angioplas-
ty alone. (N Engl J Med 1999;341:1949-56.)
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ERCUTANEOUS transluminal coronary an-
gioplasty for primary treatment after acute
myocardial infarction has been demonstrated
to be superior to thrombolytic therapy with

regard to the restoration of normal coronary blood
flow

 

1

 

 and is associated with lower rates of recurrent
ischemia, reinfarction, stroke, and death.

 

2-4

 

 Primary
angioplasty has clinical limitations, however. Abrupt
closure occurs more often after primary angioplasty
for emergency reperfusion than after elective proce-
dures, and in 10 to 15 percent of patients ischemia
recurs before hospital discharge.

 

2,5

 

 Routine angio-
graphic follow-up at six months has demonstrated re-
occlusion of the infarct-related artery in 10 to 15 per-
cent of patients and restenosis in 35 to 40 percent.

 

6,7

 

In our previous study of primary angioplasty, we
found that the presence of coronary dissection or
more than 30 percent residual stenosis was predictive
of subsequent ischemic events.

 

8

 

 Implantation of a cor-
onary stent, which results in a large coronary lumen
with few dissections, may reduce shear forces and
platelet-thrombus deposition. Clinical benefits of this
approach, as compared with primary angioplasty, may
include lower rates of early ischemia as well as im-
proved long-term patency and lower rates of restenosis
of the infarct-related artery. However, the presence
of a thrombus is common after acute myocardial in-
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farction and may predispose patients to subacute
thrombosis (thrombosis within the first month) after
stenting.
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 In studies in animals, implantation of a
heparin-coated Palmaz–Schatz stent was associated
with 95 percent less platelet deposition than was im-
plantation of an uncoated stent,
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 and in clinical tri-
als, use of the coated stent was associated with low
rates of subacute thrombosis.

 

11-13

 

We therefore designed a multicenter, randomized
trial to test the hypothesis that routine implantation
of a stent, as compared with primary angioplasty
alone, would result in larger luminal diameters after
the procedure and would be associated with less an-
giographic evidence of restenosis and improved clin-
ical outcomes at six months in patients with acute
myocardial infarction.

 

METHODS

 

Selection of Patients

 

Patients were considered for the trial if they were at least 18 years
old, if symptoms of myocardial infarction had begun less than 12
hours before written informed consent was requested, and if they
had either ST-segment elevation of at least 1 mm in two or more
contiguous electrocardiographic leads or a nondiagnostic electro-
cardiogram (including left bundle-branch block, a paced rhythm,
ST-segment depression, or T-wave inversion) with documentation
of acute myocardial infarction in the catheterization laboratory
(with findings of high-grade coronary stenosis and associated left
ventricular wall-motion abnormalities). Clinical criteria for exclu-
sion were the previous administration of thrombolytic agents for
the index infarction, current use of warfarin, stroke during the pre-
ceding month, renal failure, cardiogenic shock, remaining life ex-
pectancy of less than one year, childbearing potential (unless the
result of a recent pregnancy test was negative), and known con-
traindications to aspirin, heparin, or ticlopidine. The study was con-
ducted according to the principles of the Declaration of Helsinki,
and all patients gave written informed consent.

 

Catheterization and Study Procedure

 

The study protocol recommended that aspirin (250 mg adminis-
tered intravenously or 325 mg administered as non–enteric-coated,
chewable tablets), ticlopidine (500 mg orally), heparin (5000 to
10,000 IU intravenously), and (in the absence of contraindica-
tions) beta-blockers be given in the emergency department. Pa-
tients were then taken immediately to the cardiac catheterization
laboratory, where coronary arteriography and left ventriculogra-
phy were performed with the use of low-osmolar ionic contrast
medium (ioxaglate, Mallinckrodt, St. Louis) to reduce the risk of
thrombosis.
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 Once blood flow had been established (either spon-
taneously or by initial inflation of the balloon), the operator deter-
mined whether the patient qualified for randomization; the infarct-
related vessel had to be a native coronary artery with a reference
diameter of 3.0 to 4.5 mm and with one or more lesions that could
be covered with one or two stents 15 mm in length. Patients were
excluded from randomization if the operator decided that the pa-
tient would be better treated medically or surgically or if the infarct-
related vessel had a high likelihood of requiring a stent. Patients
were also excluded if the stent would protrude into the left main
coronary artery (because of ostial lesions in the left anterior de-
scending or circumflex artery), if large side branches (»3.0 mm
in diameter) would be covered by the stent, or if tortuosity or
calcification made it unlikely that the stent could be placed and
expanded.

Once patients’ eligibility for stenting had been established, ran-
domization by telephone was performed in blocks of four according
to clinical site. The diameters of the stent and of the balloon were

selected by visual estimation to achieve a balloon-to-artery ratio
of 1:1. The protocol stent was a 15-mm, heparin-coated Palmaz–
Schatz stent mounted on a balloon that incorporated a sleeved stent-
delivery system (Cordis, Johnson & Johnson, Warren, N.J.). After
deployment of the stent at 8 atm, a separate inflation at high pres-
sure (»16 atm) was recommended. Heparin was administered
throughout the procedure to maintain an activated clotting time
of 350 seconds or longer. Administration of thrombolytic agents
or platelet glycoprotein IIb/IIIa receptor inhibitors and the use of
stents other than the protocol stent were discouraged, unless the
vessel had a large thrombus, residual stenosis, or dissection that ne-
cessitated these interventions. In accordance with our standard
protocol,
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 heparin infusion was recommended after primary an-
gioplasty alone, but not after the placement of a heparin-coated
stent unless the angiographic result was suboptimal (>10 percent
stenosis, residual thrombus, dissection, or absence of reflow) or un-
less there were other clinical indications (such as atrial fibrillation,
left ventricular dysfunction, or multivessel disease).

Clinical events were monitored throughout the patient’s hospital
stay, and patients were evaluated at one month and at six months.
Before performance of follow-up angiography at 6.5 months, in-
vestigators documented the Canadian Cardiovascular Society class
of angina, the results of stress testing (if performed), and any elec-
trocardiographic evidence of ischemia and reported to the coor-
dinating center whether cardiac catheterization would have been
performed if it had not been required by the protocol.

 

Angiographic Analysis

 

Cineangiograms were obtained immediately after the procedure
and at 6.5 months according to standard acquisition guidelines.
The angiograms were submitted to the independent core angiog-
raphy laboratories (Washington Hospital Center, Washington, D.C.,
and Cardialysis, Rotterdam, the Netherlands), and quantitative an-
giographic analysis was performed (CAAS II, Pie Medical, Maas-
tricht, the Netherlands).
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 Standard morphologic criteria were used
to characterize the complexity of the base-line lesions
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 and to iden-
tify complications that occurred during angiography.
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 Myocar-
dial perfusion was graded according to the classification system of
the Thrombolysis in Myocardial Infarction (TIMI) trial, in which
blood flow with a grade of 3 indicates normal flow within the ves-
sel.
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 The user-defined reference diameter and the minimal lumi-
nal diameter were used to calculate the percentage of stenosis. A
value of 0 mm was assigned for the minimal luminal diameter in
cases of total occlusion at base line or follow-up.

 

End Points

 

Detailed case-report forms were completed by the clinical coor-
dinators at each site. Independent data monitors traveled to each
site to verify hospital records for all the patients. The primary end
point of the study was the composite incidence of death, nonfatal
reinfarction, disabling stroke, or target-vessel revascularization for
treatment of ischemia (either percutaneous reintervention or bypass
surgery) during the six-month follow-up period. Each compo-
nent event in the primary end point was adjudicated by an inde-
pendent clinical-events committee.

Reinfarction was defined as the recurrence of clinical symptoms
(or the development of new electrocardiographic changes) accom-
panied by new elevation of the creatine kinase and creatine kinase
MB enzyme levels. The level of creatine kinase required for a diag-
nosis of reinfarction depended on the interval from the index in-
farction: if new symptoms appeared within 48 hours of the index
acute myocardial infarction, the necessary creatine kinase level was
at least 1.5 times the previous value; after 48 hours, at least 3 times
the upper limit of normal; and after subsequent bypass surgery,
at least 5 times the upper limit of normal. A disabling stroke was
defined as a stroke that resulted in severe limitation in the ability to
perform daily activities or the inability to live independently. Is-
chemia during hospitalization was defined as a recurrence of symp-
toms accompanied by electrocardiographic changes, new elevation
of creatine kinase levels, new hypotension, a new murmur, or sub-
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acute occlusion. Ischemia after discharge was defined as the de-
velopment of Canadian Cardiovascular Society class II, III, or IV
angina, abnormal results on an exercise test, or both. The need for
target-vessel revascularization was attributed to ischemia if one
or more of these components of ischemia were determined to be
present by the clinical-events committee.

Secondary end points included the percentage of stenosis, the
minimal luminal diameter, and the TIMI blood-flow grade im-
mediately after the procedure; clinical events during the 30 days
after the procedure; and minimal luminal diameter, restenosis (»50
percent stenosis), and reocclusion (TIMI grade 0 or 1 flow in a ves-
sel that was previously patent) at 6 months. Major bleeding was de-
fined as the need for surgical vascular repair, the need for trans-
fusion of 2 or more units of blood, retroperitoneal or intracranial
bleeding, or fatal bleeding. Hematoma, changes in the hemato-
crit, or both were considered to constitute minor bleeding.

 

Statistical Analysis

 

Enrollment of 900 patients randomly assigned to either pri-
mary angioplasty alone or primary angioplasty accompanied by
stent implantation, with a two-sided type I error rate of 0.05,
yielded 90 percent power to detect a decrease in the incidence of
the primary end point, from 30 percent after primary angioplasty
to 20 percent after stenting. Comparisons between the two treat-
ment groups were performed on an intention-to-treat basis, un-
less otherwise specified. For comparisons between the groups, the
chi-square test (or, if there were fewer than five expected obser-
vations, Fisher’s exact test) was used. For comparisons of contin-
uous variables, analysis of variance was used according to the type
of data and their distribution. Variables pertaining to the time
elapsed before events were analyzed by the Kaplan–Meier method.
Two-sided P values are reported.

 

RESULTS

 

Base-Line Characteristics and Immediate Results

 

Over an 11-month enrollment period, 1458 patients
with acute myocardial infarction were screened at 62
sites in several countries. Of these 1458 patients,

900 were randomly assigned to one of two treat-
ment groups: 452 to angioplasty and implantation
of a heparin-coated Palmaz–Schatz stent and 448 to
primary angioplasty alone. Of the remaining 558 pa-
tients, who were enrolled in a parallel registry, 170
did not undergo angioplasty and 388 underwent per-
cutaneous revascularization (stent implantation in 162
and angioplasty in 226). The most common reasons
for excluding these patients from enrollment were ves-
sel size less than 3.0 mm or greater than 4.5 mm in
diameter, vessel tortuosity, or a perceived need for
stenting.

The base-line characteristics of the two groups were
well matched, with the exception that patients in the
stent group were slightly older (mean [±SD] age,
60.9±12.3 years, vs. 59.2±12.6 years in the angio-
plasty group; P=0.05) (Table 1). The use of adjunc-
tive medications is reported in Table 2. High doses
of heparin resulted in a median activated clotting
time of 388 seconds in both groups. The rate of use
of intracoronary thrombolytic agents (in 0.4 percent
of the stent group and 0.2 percent of the angioplas-
ty group) and of abciximab (5.8 percent and 4.5
percent, respectively) was low in both groups.

Of the patients randomly assigned to stent implan-
tation, 0.9 percent did not receive a heparin-coated
stent, because of lack of availability of this type of
stent, and in 1.5 percent the stent could not be de-
ployed. Therefore, 98 percent of the patients in the
stent group received their assigned therapy. Of the pa-
tients randomly assigned to angioplasty, 15 percent
crossed over to treatment with a commercially avail-
able stent, because of suboptimal angiographic re-

 

*Plus–minus values are means ±SD.

†The interquartile range is the 25th to the 75th percentile.

‡The inclusion of patients requiring revascularization of a non-native vessel was a protocol deviation.
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Age — yr 60.9±12.3 59.2±12.6 0.05

Male sex — % of patients 74.8 74.8 1.00

Diabetes — % of patients 15.9 14.1 0.69

Previous infarction — % of patients 10.8 11.8 0.45

Previous stroke — % of patients 4.6 2.9 0.33

Time in minutes — median (interquartile range)†
From symptom onset to presentation
From presentation to catheterization
From presentation to first inflation

120 (74–233)
68 (42–112)

110 (77–162)

110 (60–210)
71 (45–110)

114 (80–153)

0.03
0.46
0.58

Infarct-related vessel — % of patients
Left anterior descending
Right coronary
Circumflex
Graft‡

39.8
46.0
13.7
0.4

43.5
42.6
13.6
0.2

0.55

Multivessel disease — % of patients 46.0 44.0 0.55

Ejection fraction — % 48.4±11.9 47.8±11.3 0.52
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