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ABSTRACT

Background Several relatively small randomized
trials have shown that primary angioplasty results
in a better short-term outcome than thrombolytic
therapy in patients with acute myocardial infarction.
These results, however, have not been duplicated
other than in investigational trials.

Methods We compared mortality during hospital-
ization and long-term mortality, as well as the use of
resources, among 1050 patients in a primary-angio-
plasty group and 2095 patients in a thrombolytic-
therapy group. Patients were selected from the My-
ocardial Infarction Triage and Intervention Project
Registry cohort of 12,331 consecutive patients ad-
mitted with acute myocardial infarction to 19 Seattle
hospitals between 1988 and 1994. Because of the po-
tential for selection bias, several subgroup analyses
were performed that included patients eligible for
thrombolysis, high-risk patients, and patients in the
primary-angioplasty group who were treated at hos-
pitals with high volumes of angioplasty.

Results There was no significant difference in
mortality during hospitalization or long-term follow-
up between patients in the thrombolytic-therapy
group and those in the primary-angioplasty group
(mortality during hospitalization, 5.6 percent and 5.5
percent, respectively; P=0.93; adjusted hazard ratio
for the risk of death within three years after primary
angioplasty, 0.95; 95 percent confidence interval, 0.8
to 1.2). There was also no significant difference in
mortality between high-risk subgroups of patients in
the two treatment groups. The rates of procedures
and costs were lower among patients in the throm-
bolytic-therapy group both at the time of hospital
discharge and after three years of follow-up (30 per-
cent fewer coronary angiograms, 15 percent fewer
coronary angioplasties, and 13 percent lower costs
after three years of follow-up).

Conclusions In a community setting, we observed
no benefit in terms of either mortality or the use of
resources with a strategy of primary angioplasty
rather than thrombolytic therapy in a large cohort of
patients with acute myocardial infarction. (N Engl J
Med 1996;335:1253-60.)
©1996, Massachusetts Medical Society.

EVERAL randomized, controlled trials have

shown that the short-term outcome in pa-

tients with acute myocardial infarction is better

after primary angioplasty than after thrombo-
lytic therapy.}3 In a recent pooled analysis of all trials
of primary angioplasty, there was a 44 percent re-
duction in mortality during hospitalization (odds
ratio, 0.56; 95 percent confidence interval, 0.53 to
0.94) and a 9 percent reduction in mortality at one
year (hazard ratio, 0.91; 95 percent confidence in-
terval, 0.42 to 2.00).+

Due to the small size of each of the trials, the real
magnitude of any beneficial effect of primary angio-
plasty — especially beyond 30 days — is unclear. In
addition, few data have been reported on the long-
term use of resources associated with either reperfu-
sion strategy. Whether these results can be duplicat-
ed in larger series or outside centers performing a
high volume of primary angioplasty has not been
evaluated.

In the absence of larger randomized trials, careful-
ly designed cohort studies can be used to supplement
our knowledge about these treatments. The Myo-
cardial Infarction Triage and Intervention (MITI)
Project Registry includes detailed data on a cohort
of 12,331 consecutive patients with acute myocar-
dial infarction in Seattle. The registry data can be
used to compare the short- and long-term outcome
in patients treated with either primary angioplasty
or thrombolytic therapy. Although this is not a ran-
domized comparison, the choice of reperfusion strat-
egy was often a result of which hospital the patient
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was admitted to. That is, patients admitted to one of
three hospitals that favor primary angioplasty were
likely to receive this treatment, and patients admit-
ted to other Seattle hospitals were usually treated
with thrombolytic therapy. Thus, the treatments can
be compared with limited selection bias.

METHODS

Patients

The subjects of this study were selected from a population of
12,331 patients with acute myocardial infarction who were en-
rolled in the MITI registry between 1988 and 1994. Character-
istics of the registry, data-gathering procedures, and reliability
have been described previously.® Briefly, the MITI Project is a
collaborative effort to evaluate new treatment strategies for pa-
tients with acute myocardial infarction and also includes a registry
of all patients admitted for suspected myocardial infarction in the
Seattle metropolitan area. For patients transferred to a different
institution during the index hospitalization, medical records were
abstracted at the second hospital so that each patient had a con-
tinuous record of care. The study was approved by the University
of Washington Human Subjects Review Committee.

The primary-angioplasty cohort was defined as patients with
myocardial infarction, not treated with thrombolytic therapy,
who underwent diagnostic angiography within six hours after ad-
mission to the hospital and then immediately underwent per-
cutaneous transluminal coronary angioplasty or coronary-artery
bypass surgery, or did not receive reperfusion therapy. The throm-
bolytic-therapy cohort was defined as patients with myocardial in-
farction treated with thrombolytic therapy within six hours after
admission. Thrombolytic therapy was given at the treating physi-
cian’s discretion according to standard protocols with alteplase
(65 percent), streptokinase (32 percent), or prourokinase (3 per-
cent). A small proportion of patients in this group were treated
before hospitalization (8 percent).

Hospitals participating in the MITI registry include 2 universi-
ty hospitals, 2 hospitals affiliated with staff-model health mainte-
nance organizations, 1 Veterans Affairs hospital, and 14 commu-
nity hospitals. During most of the study period, 11 (58 percent)
of the participating hospitals had on-site catheterization labora-
tories, and 6 (32 percent) performed bypass surgery. Primary an-
gioplasty was performed in at least 40 percent of all patients with
acute infarction who received short-term reperfusion treatment in
three of the participating hospitals.

Data Collection

Trained abstractors collected detailed data on the patients’
demographic characteristics, prehospital treatment, clinical pres-
entation, and hospital course and on procedures performed from
the patients’ records within three months after discharge or
death. Deaths that occurred after discharge, readmissions, and
the rates of subsequent use of procedures were obtained by link-
ing the MITT registry to the Washington State Comprehensive
Hospital Abstract Reporting system. This data base includes in-
formation on the use of resources, hospital charges, and vital sta-
tus for every hospital admission in the state of Washington. The
rates of readmission (with a diagnosis of primary cardiac disease
according to the International Classification of Diseases, 9th Re-
vision, Clinical Modification) and use of cardiac procedures were
calculated one and three years after discharge and are cumulative.
The rates of use of procedures after discharge did not include
procedures performed during the index admission. All charges
were converted to 1995 dollars, and costs were calculated by
multiplying charges by the Medicare cost-to-charge ratio for
cach participating hospital. To adjust for outliers in the cost
comparison, the top and bottom 1 percent of charges were de-
leted from the analysis.
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Statistical Analysis

We used the chi-square test and Student’s t-test to test for sig-
nificant differences in base-line characteristics between patients
who underwent primary angioplasty and those treated with throm-
bolytic therapy. Lengths of hospital stay and costs were compared
by the Mann-Whitney nonparametric test. The rates of procedure
use after discharge and the rates of readmission to the hospital
were compared at one and three years, and long-term mortality
was compared with Kaplan—Meier plots and the log-rank test. To
test whether there was an association between the use of primary
angioplasty and long-term mortality independent of base-line dif-
ferences, we constructed a series of Cox regression models. For
each comparison, the models were evaluated with and without
the complications of stroke and recurrent infarction, since these
factors may have been associated with both the treatment and
outcome. In all models, thrombolytic therapy was considered the
standard of comparison.

To limit possible selection bias, several subgroup analyses were
performed. The first subgroup analysis included only patients
who were eligible to receive thrombolysis: those presenting with
ST-segment elevation and a systolic blood pressure of less than
180 mm Hg and without evidence of shock on admission, a his-
tory of bypass surgery, or a history of stroke or bleeding (gastro-
intestinal or other sites). In a second subgroup analysis, we com-
pared the outcome in patients treated with thrombolytic therapy
with that in patients in the primary-angioplasty group who were
admitted to one of the three hospitals in which primary angio-
plasty was performed in at least 40 percent of all cases of reper-
fusion. All patients in this subgroup were also eligible to undergo
thrombolysis. In this comparison, we assumed that primary an-
gioplasty was performed because of the physician’s preference for
this form of reperfusion and not because of specific characteristics
of the patients. The final subgroup analysis included only patients
classified as high risk as defined in the Primary Angioplasty in
Mpyocardial Infarction (PAMI)? trial: those with an anterior loca-
tion of infarct, age greater than 70 years, or heart rate greater
than 100 beats per minute.

RESULTS
Base-Line Characteristics

From a cohort of 12,331 patients with acute in-
farction who were enrolled in the MITI registry, we
studied 1272 patients in the primary-angioplasty
group and 2664 patients in the thrombolytic-thera-
py group. Electrocardiographic data were missing
for 156 patients in the primary-angioplasty group
and 569 patients in the thrombolytic-therapy group.
These patients were excluded from the analysis. An
additional 66 patients in the primary-angioplasty
group who were treated for ST-segment elevation
between 6 and 24 hours after admission were also
excluded from the analysis. We therefore studied a
total of 1050 patients in the primary-angioplasty
group and 2095 patients in the thrombolytic-thera-
py group. There was no difference in the mortality
rates during hospitalization between these excluded
patients and those included in the primary-angio-
plasty cohort.

The base-line characteristics of the thrombolytic-
therapy and primary-angioplasty cohorts were similar.
There were no significant differences in age, sex, race,
or the proportion of patients with prior myocardial
infarction or heart failure (Table 1). The thrombolyt-
ic-therapy cohort had a lower proportion of patients
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TABLE 1. BASE-LINE CHARACTERISTICS OF PATIENTS WITH ACUTE
MYOCARDIAL INFARCTION ACCORDING TO TREATMENT GROUP.*

THROMBOLYTIC PRIMARY
THERAPY ANGIOPLASTY P
CHARACTERISTIC (N=2095) (N=1050) VALUE
Age (yr) 59.8+11.9 59.9+11.9 0.89
Female sex (%) 239 234 0.76
Prior infarct (%) 13.0 14.8 0.16
Prior heart failure (%) 3.7 33 0.62
Prior bypass surgery (%) 55 7.8 0.01
History of stroke (%) 4.2 6.5 0.16
History of gastrointestinal 0.8 2.8 0.007
bleeding (%)
Systolic blood pressure 5.9 7.8 0.1
>180 mm Hg (%)
Heart rate >100 beats/min 10.0 11.6 0.19
(%)
Systolic blood pressure 10.3 11.7 0.32
<100 mm Hg (%)
Anterior location of infarct 37.3 342 0.08
(%)
High risk (%)t 54.6 57.0 0.28
Time to treatment (hr) 1.0£1.0 1.7x1.2 <0.001

*Plus—minus values are means =SD.

tHigh risk was defined according to the criteria of the PAMI trial .2

who were potentially ineligible for thrombolysis be-
cause of a history of bypass surgery (5.5 percent vs.
7.8 percent, P=0.01), stroke (4.2 percent vs. 6.5 per-
cent, P=0.16), or gastrointestinal bleeding (0.8 per-
cent vs. 2.8 percent, P=0.007) or a systolic blood
pressure of more than 180 mm Hg on admission (5.9
percent vs. 7.8 percent, P=0.1). There were no sig-
nificant differences in heart rate, blood pressure, or
the proportion of patients classified as high risk ac-
cording to the PAMI criteria at admission.

Patients in the thrombolytic-therapy group were
treated sooner than were those in the primary-
angioplasty group (mean [+SD] interval from arriv-
al at the emergency room to thrombolytic therapy,
1.0+1.0 hour, as compared with a mean interval
from arrival at the emergency room to balloon infla-
tion of 1.7*1.2 hours; P<0.001). The 25th, 50th,
and 75th percentile values for the time to treatment
were 0.47, 0.78, and 1.28 hours, respectively, in the
thrombolytic-therapy group and 0.87, 1.32, and
2.18 hours in the primary-angioplasty group.

Ten of the 19 participating hospitals performed
at least one primary angioplasty procedure. Hospi-
tals with higher volumes of primary angioplasty
treated patients more promptly than those with low-
er volumes (time to treatment, 1.5 vs. 2.3 hours,
P<0.001), but there was no association between
volume and the proportion of successful angioplasty
procedures (Table 2). Although hospitals with low
volumes of primary angioplasty had higher rates of
mortality during hospitalization in a univariate com-

parison (8.1 percent, as compared with 4.5 percent
for the high-volume hospitals; P<<0.01), this differ-
ence was no longer significant after multivariate ad-
justment.

Outcome during Hospitalization

By definition, all patients in the primary-angio-
plasty group underwent coronary angiography. Of
those who underwent immediate angiography, 93
percent underwent primary angioplasty, 3 percent
underwent immediate coronary-artery bypass sur-
gery (<6 hours after admission), and in 4 percent
there was no attempt at reperfusion. The overall suc-
cess rate for angioplasty was 89 percent as reported
by the operating physicians and improved during
later years of the registry (87 percent in 1988 to
1991 vs. 90 percent in 1992 to 1994, P=0.003).

Patients treated with thrombolytic therapy also
had high rates of use of procedures (74 percent un-
derwent angiography, and 32 percent underwent
coronary angioplasty) (Fig. 1). Of the patients treat-
ed with thrombolytic therapy who underwent angi-
ography, 697 underwent angiography on the day of
admission (351 for recurrent chest pain), 537 of
whom also underwent revascularization on the day
of admission.

There was no significant difference in the pro-
portions of patients who underwent coronary-
artery bypass surgery. Patients treated with throm-
bolytic therapy were more likely to have a stroke
during hospitalization (1.5 percent vs. 0.7 percent,
P=0.04), but there was no significant difference in

TABLE 2. CHARACTERISTICS OF THE HOSPITALS
AND PATIENT OUTCOME ACCORDING TO THE VOLUME
OF PRIMARY ANGIOPLASTIES PERFORMED. *

Low-VoLumE HiGH-VoLUME
HospiTaL HospiTaL
CHARACTERISTIC (N=7) (N=3)

Mean no. of elective and emergency
coronary interventions performed in
1995 (range)

Total no. of cases of emergency reper- 1394 995
fusion of infarction in MITT registry
(primary angioplasty or thrombolytic

301 (43-600) 262 (114-422)

therapy)
No. of patients treated with primary 207 (15) 801 (80)
angioplasty for reperfusion (%)
Success rate for angioplasty — % 86 89
Time to treatment — hrt 2.3 1.5
In-hospital mortality — %% 8.1 4.5

*A low-volume hospital was one that performed primary angioplasty in
<40 percent of patients treated with reperfusion, and a high-volume hos-
pital was one that performed primary angioplasty in =40 percent of such
patients.

1P<<0.001 for the comparison between groups.

$P<<0.01 for the comparison between groups.
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the proportion of patients with reinfarction (4.3
percent vs. 3.5 percent, P=0.37). Patients in the
thrombolytic-therapy group were hospitalized a mean
of 1.1 days longer than patients in the primary-
angioplasty group (7.9+5.3 vs. 6.84.4 days; me-
dian, 7 vs. 6 days; P<<0.001), but their mean total
hospital costs were lower ($16,838+12,480 wvs.
$19,702+12,175; median, $12,600 vs. $16,300;
P<<0.001). There was no significant difference in the
mortality rate during hospitalization between the
cohorts (5.6 percent vs. 5.5 percent, P=0.93).

Long-Term Outcome

Patients in the thrombolytic-therapy group un-
derwent fewer coronary procedures after discharge
than those in the primary-angioplasty group. Pa-
tients treated with thrombolytic therapy were less
likely to have undergone coronary angiography after
discharge at either one year (7.4 percent vs. 13.2 per-
cent, P<<0.001) or three years (19.7 percent vs. 28.3
percent, a 30 percent reduction; P<<0.001) (Fig. 2).
Patients treated with thrombolytic therapy were also
significantly less likely to have undergone coronary
angioplasty after discharge at one year (6.6 percent
vs. 9.0 percent, P=0.03) but not at three years (15.9
percent vs. 18.8 percent, a 15 percent reduction;
P=0.15). There were no significant differences be-
tween the two groups in the proportions of patients

who had undergone bypass surgery or had been
admitted to the hospital at one or three years of fol-
low-up. The mean total cumulative inpatient costs
were 13 percent lower at three years in patients treat-
ed with thrombolytic therapy ($22,163 18,118 vs.
$25,459+17,543; median, $16,500 vs. $19,600;
P<<0.001).

In an unadjusted comparison, there was no signif-
icant difference in long-term survival between groups
(Fig. 3). In order to evaluate the association be-
tween the reperfusion strategy and long-term mor-
tality independently of differences in base-line char-
acteristics, a series of Cox regression analyses were
performed. Factors that independently predicted a
higher risk of death within three years included a
heart rate of more than 100 beats per minute on ad-
mission, a history of heart failure, a history of bypass
surgery, older age, prior myocardial infarction, and
an anterior location of the infarct (Fig. 4). After ad-
justment for these factors, there was no association
between the use of primary angioplasty and long-
term mortality (hazard ratio, 0.95; 95 percent con-
fidence interval, 0.8 to 1.2). When complications of
myocardial infarction such as stroke and reinfarction
were added to the model, there was still no associa-
tion between the use of primary angioplasty and
lower long-term mortality (hazard ratio, 0.94; 95
percent confidence interval, 0.8 to 1.2).
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Figure 1. Use of Resources during Index Hospitalization for Acute Myocardial Infarction in 1050 Patients in the Primary-Angioplasty

Group and 2095 Patients in the Thrombolytic-Therapy Group.

1256 October 24, 1996

Downloaded from www.nejm.org on November 22, 2008 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.















