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Abstract
BACKGROUND—It is unclear whether stable, high-risk patients with persistent total occlusion of
the infarct-related coronary artery identified after the currently accepted period for myocardial
salvage has passed should undergo percutaneous coronary intervention (PCI) in addition to receiving
optimal medical therapy to reduce the risk of subsequent events.

METHODS—We conducted a randomized study involving 2166 stable patients who had total
occlusion of the infarct-related artery 3 to 28 days after myocardial infarction and who met a high-
risk criterion (an ejection fraction of <50% or proximal occlusion). Of these patients, 1082 were
assigned to routine PCI and stenting with optimal medical therapy, and 1084 were assigned to optimal
medical therapy alone. The primary end point was a composite of death, myocardial reinfarction, or
New York Heart Association (NYHA) class IV heart failure.

RESULTS—The 4-year cumulative primary event rate was 17.2% in the PCI group and 15.6% in
the medical therapy group (hazard ratio for death, reinfarction, or heart failure in the PCI group as
compared with the medical therapy group, 1.16; 95% confidence interval [CI], 0.92 to 1.45; P =
0.20). Rates of myocardial reinfarction (fatal and nonfatal) were 7.0% and 5.3% in the two groups,
respectively (hazard ratio, 1.36; 95% CI, 0.92 to 2.00; P = 0.13). Rates of nonfatal reinfarction were
6.9% and 5.0%, respectively (hazard ratio, 1.44; 95% CI, 0.96 to 2.16; P = 0.08); only six reinfarctions
(0.6%) were related to assigned PCI procedures. Rates of NYHA class IV heart failure (4.4% vs.
4.5%) and death (9.1% vs. 9.4%) were similar. There was no interaction between treatment effect
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and any subgroup variable (age, sex, race or ethnic group, infarct-related artery, ejection fraction,
diabetes, Killip class, and the time from myocardial infarction to randomization).

CONCLUSIONS—PCI did not reduce the occurrence of death, reinfarction, or heart failure, and
there was a trend toward excess reinfarction during 4 years of follow-up in stable patients with
occlusion of the infarct-related artery 3 to 28 days after myocardial infarction. (ClinicalTrials.gov
number, NCT00004562.)

OPTIMAL TREATMENT FOR PATIENTS who have acute myocardial infarction with ST-
segment elevation includes early reperfusion with primary percutaneous coronary intervention
(PCI) or thrombolytic therapy. However, approximately one third of eligible patients do not
receive early reperfusion therapy, in many cases because of late presentation.1,2

The best strategy for the care of patients with persistent total occlusion of the infarct-related
artery who are identified after the currently accepted period during which reperfusion is
administered for myocardial infarction is unclear. Most observational studies have reported
that lower event rates are associated with patency of the infarct-related artery late after
myocardial infarction, as compared with persistent occlusion, but the results of a large database
study and small clinical trials of routine PCI have been inconclusive.3-11

The clinical approach to the occluded infarct-related artery late after myocardial infarction
remains variable and controversial, but there is strong bias in favor of PCI, particularly in the
United States.12-15 Mechanisms by which late PCI of an occluded infarct-related artery might
improve outcomes include reduction in adverse left ventricular remodeling with preservation
of left ventricular function,5,7,16 increased electrical stability, and the provision of collateral
vessels to other coronary beds for protection against future events.17,18 Late PCI also has the
potential for harm from procedure-related complications, distal embolization of
atherothrombotic debris resulting in myocardial injury, and loss of recruitable collateral flow
to other coronary territories.19,20

We report the results of the Occluded Artery Trial (OAT), which tested the hypothesis that a
strategy of routine PCI for total occlusion of the infarct-related artery 3 to 28 days after acute
myocardial infarction would reduce the occurrence of a composite end point of death,
reinfarction, or New York Heart Association (NYHA) class IV heart failure.

METHODS
The methods used in the trial have been described previously.21 Sponsorship and oversight of
the trial were provided by the National Heart, Lung, and Blood Institute (NHLBI). Corporate
support from several sources accounted for 6% of the total funding and in-kind support for the
trial, as described in the support statement. A data and safety monitoring board appointed by
the NHLBI oversaw the conduct of the trial and monitored treatment effects. Institutional
review boards at the participating centers approved the study protocol, and all patients provided
written informed consent. In the preparation of this report, data management and the statistical
analysis were performed by the data coordinating center with oversight by the academic
authors, who had full access to the data and vouch for the accuracy and completeness of the
data and the analysis. The companies that provided financial support, products, or both had no
role in the study design, analysis, or interpretation of the results or in the decision to submit
the manuscript for publication.

STUDY POPULATION
Patients were eligible for enrollment if coronary angiography, performed 3 to 28 days after
myocardial infarction, showed total occlusion of the infarct-related artery with poor or absent
antegrade flow, defined as a Thrombolysis in Myocardial Infarction (TIMI) flow grade of 0 or
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1, and if they met a criterion for increased risk, defined as an ejection fraction of less than 50%
(assessed by echocardiography, radionuclide ventriculography, or contrast ventriculography),
proximal occlusion of a major epicardial vessel with a large risk region, or both.21 Qualifying
angiograms were reviewed at a core angiography laboratory. The qualifying period of 3 to 28
days was based on calendar days; day 1 was the day of the onset of symptoms. Thus, the minimal
time from the myocardial infarction to angiography was just over 24 hours. Exclusion criteria
were NYHA class III or IV heart failure, shock, a serum creatinine concentration higher than
2.5 mg per deciliter (221 μmol per liter), angiographically significant left main or three-vessel
coronary artery disease, angina at rest, and severe ischemia on stress testing (which was
required if the infarct zone was not akinetic or dyskinetic).21

TREATMENT
Patients were randomly assigned to PCI with stent placement and optimal medical therapy or
optimal medical therapy alone. Randomization was performed with the use of an interactive
automated telephone-response system; a permuted-block design was used to generate random
allocations within each study site.

All patients received optimal medical therapy, including aspirin, anticoagulation if indicated,
angiotensin-converting-enzyme inhibition, betablockade, and lipid-lowering therapy, unless
contraindicated. Thienopyridine therapy was initiated before PCI and continued for 2 to 4
weeks in patients who underwent stenting. After reports of the efficacy of prolonged treatment
with a thienopyridine,22,23 a thienopyridine was recommended in the two study groups for 1
year after myocardial infarction.

Patients assigned to PCI were to undergo the procedure within 24 hours after randomization.
Use of glycoprotein IIb/IIIa inhibitors was strongly recommended. Stenting was recommended
for the occluded segment as well as for high-grade stenoses in major proximal or distal
segments, whenever technically feasible in the PCI group. PCI for stenoses in non-infarct-
related arteries was permitted in the two groups.

Images from the PCI were reviewed at the angiography core laboratory.21 Successful PCI was
defined as an open artery with residual stenosis of less than 50% and a TIMI flow grade of 2
or 3. PCI was also considered to be successful if there was an optimal epicardial result,
accompanied by a TIMI antegrade flow grade of 1 presumed to be due exclusively to
microvascular obstruction. Cardiac markers (preferably creatine kinase MB [CK-MB] or, if
not available, troponin I or T or creatine kinase) were to be measured routinely in both groups
three times during the first 48 hours after randomization and within 24 hours after PCI in
patients assigned to PCI.

ANCILLARY STUDIES
A subgroup of 124 patients underwent baseline viability scanning with the use of single-
photonemission computed tomography (SPECT) and technetium-99m-labeled sestamibi (after
the administration of nitroglycerin and while the patient was at rest) to assess myocardial
viability before the patient received the assigned treatment.21 In a subgroup of 381 patients,
cardiac catheterization was repeated at 1 year.

END POINTS
The study end-point events were adjudicated by an independent mortality and morbidity
classification committee, which was unaware of the treatment assignments. The primary end
point was a composite of death from any cause, reinfarction, or NYHA class IV heart failure
with hospitalization or admission for a stay in a short-stay unit. Secondary end points included
the separate components of the primary end point as well as symptoms and other clinical events.
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The prespecified definition of reinfarction required two of the following three criteria: the
persistence of symptoms for 30 or more minutes, electrocardiographic changes, and elevated
cardiac markers. Elevations were defined as follows: a creatine kinase concentration that was
two or more times the upper limit of the normal range used by the local laboratory, a CK-MB
fraction that was greater than the upper limit of the normal range, and a troponin I or T level
that was two or more times the upper limit of the normal range.

A diagnosis of reinfarction after revascularization also required two of three criteria; elevation
of a cardiac marker was defined as more than three times the upper limit of the normal range
in patients who had undergone PCI and more than five times the upper limit of the normal
range in those who had undergone coronaryartery bypass grafting (CABG). Troponin levels
were not used to diagnose reinfarction within 10 days after the index myocardial infarction.

Reinfarction was centrally adjudicated. Site-determined reinfarctions included those locally
diagnosed or suspected and those reported in association with hospitalization for other events
after central review suggested that reinfarction had occurred (e.g., on the basis of cardiac
marker elevations). An additional prespecified end point was recurrent elevation of a cardiac
marker within 48 hours after randomization, as reported by the sites.

STATISTICAL ANALYSIS
It was initially estimated that 3200 patients would be required for the study to have 90% power
to detect a 25% reduction in the rate of the primary end-point event in patients undergoing PCI,
assuming a 3-year event rate of 25% with medical therapy, a 25% crossover rate (including
patients who crossed over from medical therapy alone to PCI and those in whom PCI was not
attempted or failed), and a 5% loss to follow-up. Subsequently, the study leadership, with the
approval of the data and safety monitoring board, reduced the recruitment goal to 2400 patients
because of recruitment challenges and a crossover rate that was less than expected. The final
enrollment of 2166 patients (90% of the target population) afforded 94% power to detect the
anticipated difference in the primary end point. To adjust for interim testing, a twosided
significance level of 0.0456 was specified for the comparison of the primary end point between
the two groups and a significance level of 0.01 for the secondary end points.21

Estimates of the cumulative event rate were calculated by the Kaplan-Meier product-limit
method,24 and treatments were compared with the use of log-rank tests of the 5-year curves.
25 The 4-year event rates are presented because the number of patients followed for 5 years
was small. Data for patients lost to follow-up were censored as of the time of the last contact.
Analyses were performed according to the intention-to-treat principle, except in the as-treated
analysis. Categorical variables were compared with the use of the chi-square test, and
continuous variables were compared with the use of Student’s t-test.

Prespecified subgroup analyses of the primary outcome were performed by Cox proportional-
hazards regression,26 with each test (regression coefficient) performed at an alpha level of
0.01, with tests for interaction. Other, a posteriori subgroup analyses were also performed. To
generate the covariate-adjusted hazard ratio, we used a Cox proportional-hazards regression
model with eight covariates of interest (six that were preidentified plus the presence or absence
of diabetes and the Killip class), with interactions of these covariates with treatment included
in the model. The final model included the treatment group, regardless of its significance, and
covariates and interactions with a significance level of 0.01 or less were retained. The
exponentiation of the coefficient for the treatment group in this model, adjusted for the other
terms in the model, yielded the hazard ratio and, combined with the standard error of the
coefficient, the confidence interval (CI).
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The protocol specified a significance level of 0.01 or less for secondary end points, including
subgroup tests of interactions. At the request of the Journal editors, we present 95% CIs, instead
of 99% CIs.

RESULTS
BASELINE CHARACTERISTICS

Between February 2000 and December 2005, 2166 patients were enrolled in the trial (as
described in detail in the Supplementary Appendix, available with the full text of this article
at www.nejm.org). Of these, 1082 were randomly assigned to routine PCI plus optimal medical
therapy, and 1084 to optimal medical therapy alone. The baseline characteristics of the patients
in the two groups were similar except for a higher prevalence of diabetes in the group assigned
to medical therapy (Table 1).

The angiographic core laboratory confirmed the angiographic eligibility of 99% of patients
who underwent randomization. Baseline SPECT data from the ancillary study to assess
myocardial viability showed at least moderately preserved viability of the infarct zone (>40%
of peak tracer uptake) in 69% of the 124 patients.

PCI PROCEDURAL DATA
PCI of the qualifying occlusion was attempted in 1071 of the 1082 patients in the PCI group
(99%) and was successful in 937 (87%); 869 of 1056 patients in the PCI group (82%) for whom
the TIMI flow was reported after the procedure had a TIMI flow grade of 3. At least one stent
was placed in 945 of 1082 patients (87%) in the PCI group, of whom 77 (8%) received drug-
eluting stents. Glycoprotein IIb/IIIa antagonists were administered to 72% of the patients in
whom PCI was successful. PCI of an artery other than the infarct-related artery was performed
in 7% of the patients in this group and in 6% of those in the medical therapy group. Major PCI-
related complications were rare (death, 0.2% of patients in the PCI group; centrally adjudicated
myocardial reinfarction, 0.6%; NYHA class IV heart failure, 0.2%; cardiac tamponade, 0.2%;
and stroke, 0.1%).

Among the 1084 patients in the medical therapy group, 27 (3%) crossed over to PCI within 30
days after randomization, and an additional 63 (6%) crossed over after 30 days. Four patients
(0.4%) in each of the two groups underwent CABG within 30 days after randomization.

CONCOMITANT MEDICAL THERAPY
At discharge, the rates of use of medication, as recommended in the guidelines of the American
College of Cardiology and the American Heart Association,27 were high (Table 2). A
thienopyridine was administered to more than 99% of patients in the PCI group in whom PCI
with stenting was successful. Medication use was similar in the two groups, except for higher
rates of use of anticoagulant agents, nitrates, and hypoglycemic agents in the medical therapy
group (Table 2). Overall, thienopyridines were used more frequently in the PCI group at both
4 months and 1 year than in the medical therapy group.

FOLLOW-UP
In the subgroup of patients who underwent repeated angiography, the infarct-related artery was
patent at 1 year in 83% of 173 patients in the PCI group (89% of those in whom PCI was
initially successful) and in 25% of 159 patients in the medical therapy group (P<0.001). Details
of this angiographic substudy are reported elsewhere.28

The mean (±SE) follow-up was 1059±11 days, and it was similar in the two groups. Only 1%
of patients (15 patients in each of the two groups) were lost to follow-up before the occurrence
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of a primary end-point event or 12 months of follow-up (see the Supplementary Appendix).
Vital status was not ascertained for 20 of these patients (8 in the PCI group and 12 in the medical
therapy group).

PRIMARY OUTCOME
The centrally adjudicated primary outcome (death from any cause, nonfatal reinfarction, or
NYHA class IV heart failure) occurred in 161 patients in the PCI group as compared with 140
in the medical therapy group (Table 3). The estimated 4-year cumulative primary event rate
was 17.2% in the PCI group and 15.6% in the medical therapy group (unadjusted hazard ratio
for the PCI group as compared with the medical therapy group, 1.16; 95% CI, 0.92 to 1.45; P
= 0.20; covariate-adjusted hazard ratio, 1.17; 95% CI, 0.93 to 1.47; P = 0.18) (Fig. 1). In an
as-treated analysis comparing 937 patients in the PCI group in whom PCI was successful on
angiographic examination with 1057 patients in the medical therapy group who did not cross
over to PCI within 30 days after randomization, the hazard ratio for the primary outcome was
1.15 for PCI as compared with medical therapy (95% CI, 0.91 to 1.46; P = 0.26).

Primary end-point events as determined at the study sites occurred in 170 patients in the PCI
group and 142 patients in the medical therapy group (hazard ratio, 1.22; 95% CI, 0.97 to 1.52;
P = 0.09). The lower rates of adjudicated primary end-point events as compared with site-
determined events largely reflect lower rates of reinfarction that met the more stringent
adjudicated study definition of events.

SECONDARY OUTCOMES
On the basis of the study definition of reinfarction, there was no significant difference in the
number of confirmed reinfarctions between the PCI group and the medical therapy group
(Table 3 and Fig. 2). The rate of site-determined reinfarction tended to be higher in the PCI
group (hazard ratio, 1.37; 95% CI, 1.00 to 1.89; P = 0.05). There were no significant differences
between the groups for the other components of the primary end point or other secondary end
points. There was a trend toward more frequent coronary revascularization in the medical
therapy group than in the PCI group.

There were significantly fewer patients with angina in the PCI group at 4 months and at 1 year
(see the Supplementary Appendix). Over time, the occurrence of angina declined in both study
groups, as did the difference between the two groups, and by 3 years there was no significant
difference between the groups.

SUBGROUP ANALYSIS
There was no significant interaction (P<0.01) between treatment effect and any subgroup
variable (Fig. 3). There were also no significant differences for the primary end point according
to the country where patients were enrolled (United States or other countries) or according to
the enrollment period (before 2002, 2002 to June 2003, or July 2003 to December 2005).

DISCUSSION
The late open-artery hypothesis asserts that the mechanical opening of a persistently occluded
infarct-related artery at a time too late for myocardial salvage should improve the long-term
outcome. Our study showed high rates of procedural success with PCI and sustained patency
but no clinical benefit during an average 3-year follow-up with respect to death, reinfarction,
or heart failure, contrary to the hypothesis. Moreover, a trend toward an excess risk of
reinfarction in the PCI group aroused concern.
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These unexpected results were remarkably consistent among all subgroups, including patients
at highest risk for adverse left ventricular remodeling (patients with a low ejection fraction or
an anterior myocardial infarction). The trend (P = 0.05) toward an interaction based on age
may be a chance finding. An as-treated analysis that excluded patients in whom PCI failed and
patients who crossed over from medical therapy to PCI within 30 days showed no trend toward
a benefit from PCI.

There was no statistically significant between-group difference in the rate of reinfarction
according to the adjudicated, conservative definition of myocardial infarction. However, the
event curves showed a trend that aroused concern. Site-determined reinfarctions better reflect
the international consensus document that redefined myocardial infarction, published after the
inception of our trial, which relies primarily on cardiac markers.29 Our analysis showed that
patients in the PCI group tended to have excess reinfarctions, which were mostly due to events
not temporally related to the procedure. There was also a higher rate of release of cardiac
markers early after randomization in the PCI group that did not meet the trial criteria for
myocardial infarction. The clinical consequences of reinfarction in this circumstance remain
to be investigated.

The mechanisms of early and late myocardial damage in this trial may be different. The excess
early release of a cardiac marker may be a consequence of distal atherothrombotic embolization
and microvascular plugging related to PCI. Although the risk of reinfarction appeared to be
greatest during the first 30 days after PCI, a trend toward an increased risk persisted throughout
the 5-year follow-up. These reinfarctions occurred despite thienopyridine use at discharge in
more than 99% of patients in whom PCI had been successful. However, information on whether
events occurred while these agents were being taken is not available. We speculate that the
loss of rapidly recruitable collateral flow after PCI of the total occlusion30 could have
predisposed patients in the PCI group to reinfarction in the event of spontaneous reocclusion.
Indeed, patients in the nuclear imaging ancillary study had, on average, sufficient viability
(69% with moderate retained viability in the infarct zone) to explain reinfarction within the
same region.

Experimental studies, with support from observational studies, have shown that late reperfusion
reduces infarct expansion and adverse left ventricular remodeling.5,16,31-33 A strong
association between a patent infarct-related artery at hospital discharge and improved clinical
outcomes after myocardial infarction has been reported in post hoc analyses, but in the largest
database analysis, this association was not independent at 1 year.8-11 Small randomized trials
of PCI versus medical therapy for total occlusion in the subacute phase of myocardial infarction
have had conflicting results regarding left ventricular function and size and clinical events,
ranging from benefit to harm for each end point. Data from three of four studies show a range
of reinfarction rates that are 1.5 to 3.5 times higher in the PCI group than in the medical therapy
group (Zagler A: personal communication).3,6,7 The angiographic ancillary substudy showed
a similar ejection fraction in the two groups at 1 year. The assignment to PCI appeared to be
predictive of a somewhat smaller increase in the left ventricular volume in a subgroup of
patients for whom volume measurements were available.28 A potential benefit of attenuation
of left ventricular remodeling may be countered by excess nonfatal reinfarctions.

The results of our study should be considered in the context of the available medical and
interventional therapeutics. In contrast to previous studies examining the late open-artery
hypothesis, our study used high rates of glycoprotein IIb/IIIa antagonists and stents, reflecting
best practices for the period of enrollment34; patency rates at 1 year were high. Drug-eluting
stents were approved during the later years of recruitment. Randomized trials comparing drug-
eluting stents and bare-metal stents have shown no reduction in the components of our primary
end point with the use of drug-eluting stents. On the contrary, there is growing concern
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regarding the increased risk of late thrombosis with the use of drug-eluting stents, as compared
with bare-metal stents.35,36 Moreover, trials of thrombectomy and distal-protection devices
to prevent downstream embolization during PCI for myocardial infarction with ST-segment
elevation have yielded disappointing results.37,38

In summary, our study involving 2166 patients showed no reduction in major cardiovascular
events during a mean follow-up of 3 years. There was a trend toward excess nonfatal
reinfarction when routine PCI was performed in stable patients who were found to have
occlusion of the infarct-related artery 3 to 28 days after myocardial infarction.
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Figure 1. Kaplan-Meier Curves for the Primary End Point, According to the Intention-to-Treat
Analysis
The primary end point was the first centrally adjudicated occurrence of death from any cause,
nonfatal reinfarction, or NYHA class IV heart failure requiring hospitalization or a stay in a
short-stay unit. Kaplan-Meier estimates of the cumulative event rates in the PCI group and the
medical therapy group, respectively, were 14.8% and 13.1% at 3 years, 17.2% and 15.6% at 4
years, and 21.2% and 16.4% at 5 years. The cumulative yearly adjusted hazard ratios for PCI
versus medical therapy for years 1 through 5 were 1.13, 1.18, 1.14, 1.13, and 1.16, respectively.
The P value was calculated with the use of the log-rank test.
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Figure 2. Kaplan-Meier Curves for the Secondary End Points, According to the Intention-to-Treat
Analysis
The secondary end points were the first adjudicated occurrences of the components of the
primary end point (death from any cause, nonfatal reinfarction, or NYHA class IV heart failure
requiring hospitalization or a stay in a short-stay unit). In Panel A, the estimated cumulative
event rates for death from all causes in the PCI group and the medical therapy group,
respectively, were 7.6% and 7.3% at 3 years, 9.1% and 9.4% at 4 years, and 13.4% and 12.1%
at 5 years. In Panel B, the estimated cumulative event rates for fatal and nonfatal reinfarction
in the two groups, respectively, were 5.9% and 4.3% at 3 years, 7.0% and 5.3% at 4 years, and
7.4% and 5.3% at 5 years. In Panel C, the estimated cumulative event rates for nonfatal
reinfarction in the two groups, respectively, were 5.7% and 3.9% at 3 years, 6.9% and 5.0% at
4 years, and 7.2% and 5.0% at 5 years. In Panel D, the estimated cumulative event rates for
NYHA class IV heart failure requiring hospitalization or admission for a stay in a short-stay
unit in the two groups, respectively, were 4.2% and 4.5% at 3 years, 4.4% and 4.5% at 4 years,
and 4.9% and 4.5% at 5 years. The P values for the estimated cumulative event curves at 5
years were calculated with the use of the log-rank test. The 4-year cumulative event rate for
the adjudicated primary outcome in the PCI group was 16.8 for 937 patients in whom PCI was
successful, 16.8 for 134 patients in whom PCI failed, and 48.6 for 11 patients who did not
undergo PCI. The 4-year cumulative event rate for the adjudicated primary outcome in the
medical therapy group was 18.8 for the 27 patients who crossed over to PCI within 30 days
after randomization and 15.6 for the 1057 patients who did not cross over to PCI within 30
days after randomization.
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Figure 3. Subgroup Analysis
Hazard ratios (black squares), 95% CIs (horizontal lines), P values for the interaction between
the treatment effect and any subgroup variable, and cumulative estimated 4-year event rates
for the primary outcome (death from any cause, nonfatal reinfarction, or NYHA class IV heart
failure requiring hospitalization or a stay in a short-stay unit) for PCI versus medical therapy
for the specified subgroups are shown. Age, sex, race or ethnic group, the location of the infarct-
related artery, the ejection fraction, and the time from the index myocardial infarction (MI) to
randomization were prespecified. Race was self-reported. Diabetes and the highest Killip class
during the index MI were not prespecified for the subgroup analysis. Originally, the cutoff
point for age was 70 years, but early during the trial monitoring and before any analyses were
performed, it was changed to 65 years because of insufficient numbers of patients older than
70. There was no significant interaction between treatment and subgroup variable as defined
according to the prespecified value for interaction (P<0.01). The use of a cutoff of 40% rather
than the prespecified 50% for the ejection fraction did not alter the results. There was no
interaction for the presence or absence of ST-segment elevation, Q-wave loss, or R-wave loss.
LAD denotes left anterior descending artery.
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