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ABSTRACT

Background As compared with thrombolytic ther-
apy, primary coronary angioplasty results in a higher
rate of patency of the infarct-related coronary artery,
lower rates of stroke and reinfarction, and higher in-
hospital or 30-day survival rates. However, the com-
parative long-term efficacy of these two approaches
has not been carefully studied.

Methods We randomly assigned a total of 395 pa-
tients with acute myocardial infarction to treatment
with angioplasty or intravenous streptokinase. Clinical
information was collected for a mean (=SD) of 5+2
years, and medical charges associated with the two
treatments were compared.

Results  Atotal of 194 patients were assigned to un-
dergo primary angioplasty, and 201 to receive strep-
tokinase. Mortality was 13 percent in the angioplasty
group, as compared with 24 percent in the streptoki-
nase group (relative risk, 0.54; 95 percent confidence
interval, 0.36 to 0.87). Nonfatal reinfarction occurred
in 6 percent and 22 percent of the two groups, respec-
tively (relative risk, 0.27; 95 percent confidence inter-
val, 0.15 to 0.52). The combined incidence of death
and nonfatal reinfarction was also lower among pa-
tients assigned to angioplasty than among those as-
signed to streptokinase, with a relative risk of 0.13
(95 percent confidence interval, 0.05 to 0.37) for early
events (within the first 30 days) and a relative risk of
0.62 (95 percent confidence interval, 0.43 to 0.91) for
late events (after 30 days). The rates of readmission for
heart failure and ischemia were also lower among pa-
tients in the angioplasty group than among patients
in the streptokinase group. Total medical charges per
patient were lower in the angioplasty group ($16,090)
than in the streptokinase group ($16,813, P=0.05).

Conclusions As compared with thrombolytic ther-
apy with streptokinase, primary coronary angioplas-
ty is associated with better clinical outcomes over
five years. (N Engl J Med 1999;341:1413-9.)
©1999, Massachusetts Medical Society.

N recent years, the prognosis for patients with
acute myocardial infarction has been improved
mainly by timely restoration of blood flow in
the infarct-related coronary artery. Intravenous
thrombolytic therapy lowers the early mortality rate
by an estimated 20 to 30 percent.!3 Primary angio-
plasty, when performed by experienced clinicians, re-
stores normal blood flow (grade 3 flow, according to
the Thrombolysis in Myocardial Infarction [TIMI]
classification) in 80 to 95 percent of patients.#$ This
result compares favorably with the 50 to 70 percent
of patients in whom normal flow is restored after
thrombolytic therapy.35? Publication of the results
of three randomized trials*¢ prompted a debate about
the benefits and limitations of these two treat-
ments,'%! but the discussion has been hampered by
a lack of data on long-term follow-up. A recent analy-
sis of data pooled from 10 randomized trials con-
firmed that during the first weeks after an acute
myocardial infarction, the rates of death, nonfatal re-
infarction, and stroke are lower after primary angio-
plasty than after thrombolytic therapy.!2
Therefore, three questions about primary angio-
plasty should be resolved before it can be considered
the most efficacious therapy for patients with evolving
myocardial infarction. Does the higher rate of patency
of the infarct-related coronary artery result in a more
favorable clinical outcome during long-term follow-
up? Is the survival benefit sustained? What is the rate
of morbidity due to coronary artery discase during
long-term follow-up? We addressed these questions
in a study of 395 patients randomly assigned to treat-
ment with primary angioplasty or intravenous strep-
tokinase and followed for a mean (=SD) of 5+2 years.
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METHODS

The research protocol was reviewed and approved by our insti-
tutional review board. Patients were enrolled if they had no con-
traindications to thrombolytic intervention; had symptoms of acute
myocardial infarction lasting longer than 30 minutes, accompa-
nied by an electrocardiogram with ST-segment elevation of more
than 1 mm (0.1 mV) in two or more contiguous leads; and present-
ed within 6 hours after the onset of symptoms, or within 6 to 24
hours after the onset of symptoms if there was evidence of con-
tinuing ischemia.’ The clinical description of these patients and the
short-term results of the study have been reported previously.>713
With rare exceptions, the study population consisted of a consec-
utive series of patients, since the majority of patients who present-
ed to our hospital with acute myocardial infarction accompanied
by ST-segment elevation agreed to participate.!* From August 1990
through April 1993, all presenting patients were asked to partic-
ipate,5714 and thereafter patients with marked hemodynamic in-
stability or electrocardiographic signs of extensive infarction were
excluded, as previously described in detail.!®¥ Enrollment ended in
April 1995. Base-line characteristics, clinical data, angiographic data,
and outcomes were recorded in a dedicated data base.

Randomization and Treatment

After informed consent had been obtained, patients were ran-
domly assigned to undergo primary coronary angioplasty or to re-
ceive streptokinase. All the patients received aspirin and heparin.
Patients randomly assigned to the streptokinase group received
1.5 million units intravenously over a one-hour period. Patients
randomly assigned to the angioplasty group were immediately
transported to the catheterization laboratory; if the coronary anat-
omy was suitable for angioplasty, the procedure was performed
immediately, with standard techniques. Global left ventricular ejec-
tion fraction was measured by equilibrium radionuclide ventricu-
lography between days 4 and 10 after treatment. Coronary angi-
ography was performed during follow-up in all patients to assess
the extent to which the patency of the infarct-related artery was
maintained, as previously described.”® For purposes of this study,
patency in the angioplasty group was defined as grade 3 blood flow
(according to the TIMI classification) after the angioplasty proce-
dure and on follow-up angiograms. In the streptokinase group, pa-
tency was also defined as TIMI grade 3 blood flow as assessed by
coronary angiography.® In the latter group, an initial, conservative
approach of watchful waiting after treatment was followed by
clective coronary angiography. For all the patients, additional re-
vascularization procedures were performed if indicated for symp-
toms or signs of myocardial ischemia.!5.16

Follow-up information was obtained in September 1998. All
outpatient reports were reviewed, and general practitioners were
contacted by telephone. For patients who had died or who had
had clinical events during follow-up, hospital records were re-
viewed. All subsequent hospital admissions (for angina, recurrent
infarction, additional intervention, or heart failure) and medications
used during follow-up were recorded. Nonfatal recurrent myocar-
dial infarction was defined as the combination of chest pain, changes
in the ST-T segment, and a second increase in the serum creatine
kinase level to more than two times the upper limit of normal. If
the creatine kinase level had not decreased to normal values, a sec-
ond increase of more than 200 U per liter over the previous value
was regarded as indicating a recurrent infarction.® All electrocar-
diograms and laboratory results were reviewed for evidence of re-
current ischemia by two cardiologists who were unaware of the
treatment assignments.>

Medical Charges

Medical charges were calculated on the basis of estimated unit
charges for all aspects of medical care — namely, days spent in the
hospital (for standard care, coronary care, or postoperative inten-
sive care), diagnostic and therapeutic procedures, and medications
(including thrombolytic drugs given as the study treatment). Data

1414 - November 4, 1999

were collected for the initial admission, readmissions, and visits to
the outpatient clinic. Unit charges for procedures and hospital days
were calculated on the basis of hospital records for 1992. These in-
cluded professional charges and were adjusted for increased charges
on nights or weekends. Charges per patient for diagnostic cathe-
terization were $716; for angioplasty, $3,818; and for bypass sur-
gery, $8,591. Charges for one day on a general ward were $238;
for one day in the coronary care unit, $740; and for one day in the
postoperative intensive care unit, $1,074. The charge for strepto-
kinase was $191. Charges for additional pharmacologic treatment
were based on the average charges in 1992 for the various drugs,
including pharmacy charges. Charges per patient per month were
estimated as follows: for aspirin, $5; for nitrates, $9; for diuretics,
$15; for warfarin, $16 (including coagulation tests); for antiarrhyth-
mic drugs, $17; for beta-blockers, $28; for calcium-channel block-
ers, $34; for angiotensin-converting—enzyme inhibitors, $50; and
for cholesterol-lowering drugs, $64. This method has been de-
scribed previously.!”

Statistical Analysis

The outcomes assessed were death and the combined incidence
of death and nonfatal reinfarction.

In univariate analyses we investigated the association between
these study outcomes and the following risk factors: left ventric-
ular ejection fraction (in quartiles), patency of the infarct-related
artery, diabetes, age (as a continuous variable), multivessel dis-
case, treatment assignment (angioplasty vs. streptokinase), infarct
location (anterior vs. other), presence or absence of previous my-
ocardial infarction, time from onset of symptoms to admission,
and sex. Multivariate analyses included infarct location, left ven-
tricular ejection fraction, age, and sex.

All outcomes were analyzed according to the intention-to-treat
principle. Differences between group means were assessed with
the two-tailed Student’s t-test. Chi-square analysis or Fisher’s ex-
act test was used to test differences between proportions. Survival
was calculated by the Kaplan—Meier product-limit method.!$ The
Mantel-Cox (or log-rank) test was used to evaluate differences
in survival between the two treatment groups. The Cox propor-
tional-hazards regression model was used for multivariate analy-
sis.! Left ventricular ejection fraction was included as a catego-
rized variable (in quartiles). Statistical significance was considered
to be indicated by a two-tailed P value of less than 0.05. Relative
risks were calculated with 95 percent confidence intervals.

RESULTS

Of the 395 patients enrolled, 194 were randomly
assigned to undergo primary angioplasty and 201 to
receive streptokinase. According to the results of an-
giography at base line, 9 patients in the angioplasty
group were treated conservatively, and 7 were re-
ferred for urgent coronary-artery bypass grafting;
the other 178 patients underwent angioplasty. One
patient in the streptokinase group died before the
infusion could be started; the other 200 patients re-
ceived streptokinase. The clinical characteristics of the
two groups are shown in Table 1. The groups were
similar with regard to age, sex, infarct location, and
the presence or absence of a previous myocardial in-
farction, multivessel coronary artery disease, and di-
abetes mellitus. Patency of the infarct-related vessel
was analyzed in all patients who survived to the time
of follow-up angiography: 191 patients in the angio-
plasty group and 196 in the streptokinase group. The
infarct-related coronary artery was patent in a greater
proportion of patients in the angioplasty group (90
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TABLE 1. BASE-LINE CHARACTERISTICS OF PATIENTS
ASSIGNED TO ANGIOPLASTY OR STREPTOKINASE
FOR ACUTE MYOCARDIAL INFARCTION.*

ANGIOPLASTY ~ STREPTOKINASE
GRroup GRroup P
CHARACTERISTIC (N=194) (N=201) VALUE
Age — yr 59+11 60*+10 0.63
Male sex — no. (%) 160 (82) 158 (79) 0.37
Anterior infarction — no. (%) 77 (40) 74 (37) 0.60
Previous infarction — no. (%) 38 (20) 31 (15) 0.29
Diabetes — no. (%) 16 (8) 16 (8) 1.00
Patent infarct-related vessel — 171 (90) 127 (65) <0.001
no. (%)t
Left ventricular ejection frac- 27 (14) 48 (206) 0.006

tion <40% — no. (%)%

*Plus—minus values are means *=SD.

tPatency of the infarct-related vessel was analyzed in 191 patients in the
angioplasty group and 196 patients in the streptokinase group.

fLeft ventricular ejection fraction was analyzed in 189 patients in the an-
gioplasty group and 188 patients in the streptokinase group.

percent) than in the streptokinase group (65 per-
cent, P<<0.001). The left ventricular ejection fraction
was measured before discharge by radionuclide im-
aging in 189 patients in the angioplasty group and
188 patients in the streptokinase group. The propor-
tion of patients with a left ventricular ejection fraction
of less than 40 percent was higher in the streptokinase
group (26 percent) than in the angioplasty group
(14 percent, P=0.0006).

Patients were followed for a mean of 52 years, and
only one patient was lost to follow-up (after 1.5 years).

A total of 74 patients died, 21 from a proven noncar-
diac cause. Mortality and causes of death are shown in
Table 2. There were 26 deaths in the angioplasty
group (13 percent) and 48 in the streptokinase group
(24 percent) (relative risk of death for patients in the
angioplasty group, 0.54; 95 percent confidence in-
terval, 0.36 to 0.87). There was a very strong relation
between the left ventricular ejection fraction (in quar-
tiles) and the incidence of death due to cardiac causes.
The rate of death from cardiac causes was 23 percent
for patients with a left ventricular ejection fraction
of less than 43 percent, 10 percent for those with an
ejection fraction of 43 to 49 percent, 6 percent for
those with an ejection fraction of 50 to 55 percent,
and 4 percent for those with an ejection fraction
greater than 55 percent.

Nonfatal reinfarction occurred in 56 patients: 12
in the angioplasty group (6 percent) and 44 in the
streptokinase group (22 percent) (relative risk, 0.27;
95 percent confidence interval, 0.15 to 0.52). In the
first 30 days after enrollment, there was 1 nonfatal re-
infarction (0.5 percent) in the angioplasty group as
compared with 19 (9 percent) in the streptokinase
group (relative risk, 0.06; 95 percent confidence in-
terval, 0.01 to 0.40). After 30 days, there were 11 re-
infarctions (6 percent) in the angioplasty group as
compared with 25 (12 percent) in the streptokinase
group (relative risk, 0.05; 95 percent confidence inter-
val, 0.02 to 0.85). All 20 reinfarctions that occurred
within the first 30 days affected the same region of my-
ocardium as the index infarction. Of the 36 reinfarc-
tions that occurred after day 30 (15 during the first
year of follow-up and 21 thereafter), 20 involved the
original infarct-related coronary artery, and 16 in-

TABLE 2. MORTALITY AND CAUSES OF EARLY AND LATE DEATH.

<30 DAYs AFTER STUDY

>30 DAYS AFTER STUDY

CAuse oF DEATH TREATMENT TREATMENT TotAL FoLLow-up PERIOD
ANGIO-  STREPTO- ANGIO- STREPTO- ANGIO- STREPTO-
PLASTY KINASE P PLASTY KINASE P PLASTY KINASE P
(N=194) (N=201) VALUE (N=194) (N=201)  VALUE (N=194) (N=201) VALUE
no. (%) no. (%) no. (%)

Cardiac 2(1.0) 13(6.5) <0.01 11 (5.7) 27 (13.4) <0.01 13 (6.7) 40 (19.9) <0.001
Myocardial rupture 1 (0.5) 1(0.5) 1.0 0 1(0.5) 0.49 1(0.5) 2(1.0) 1.0
Heart failure 1(0.5) 11 (5.5) <0.01 5(2.6) 9 (4.5) 0.25 6(3.1) 20(10.0) <0.01
Sudden death 0 1(0.5) 1.0 6(3.1) 17 (8.5) 0.02 6(3.1) 18(9.0) 0.02

Noncardiac 0 1(0.5) 1.0 13 (6.7) 7 (3.5) 0.19 13 (6.7) 8 (4.0) 0.23
Stroke 0 1(0.5) 1.0 2(1.0) 0 0.50 2 (1.0) 1(0.5) 0.62
Lung cancer 0 0 1.0 4(2.1) 3(1.5) 1.0 4(2.1) 3(15) 0.72
Other cancer* 0 0 1.0 5(2.6) 3 (1.5) 0.72 5(2.6) 3(1.5) 0.50
Othert 0 0 1.0 2(1.0) 1(0.5) 1.0 2 (1.0) 1(0.5) 0.62

All causes 2(1.0) 14(7.0) 0.01 24 (12.4) 34 (169) 0.12 26 (13.4) 48 (239) 0.01

*Other cancers included colon cancer (in two patients), metastatic carcinoma with unknown primary tumor (in two),
pancreatic cancer (in one), sarcoma (in one), breast cancer (in one), and esophageal cancer (in one).

tOther noncardiac causes included renal failure (in one patient), pulmonary embolism (in one), and an automobile

accident (in one).

Volume 341 Number 19 1415

Downloaded from www.nejm.org on July 24, 2008 . For personal use only. No other uses without permission.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.















