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Abstract

Background: Current guidelines recommend early invasive intervention (<24 hours) for high 

risk patients with non-ST-segment elevation myocardial infarction (NSTEMI). A delayed invasive 

strategy (24–72 hours) is considered reasonable for low risk patients. The real-world effectiveness 

of this strategy is unknown.

Methods: The ARIC Study has conducted hospital surveillance of acute myocardial infarction 

(MI) since 1987. NSTEMI was classified using a validated algorithm. We limited our study to 

patients undergoing early (<24 hours of the event onset), or late (≥24 hours) percutaneous 

coronary intervention (PCI). Patients were stratified into low (TIMI score 2–4), and high risk 

(TIMI score 5–7, or presence of cardiogenic shock, ventricular fibrillation, or cardiac arrest). 

Associations between early vs. late PCI and mortality were analyzed using multivariable logistic 

regression adjusted for demographics, hospitalization year, TIMI score, and comorbidities.

Results: From 1987–2012, 6,746 patients were hospitalized with NSTEMI and underwent PCI. 

Most were white (79%), male (68%), with mean age 61 years. The 28-day and 1-year mortality 

were 2% and 5%, respectively. Most revascularizations (65%) were late. After accounting for 

potential confounders, early PCI was associated with a 58% reduced 28-day mortality (OR = 0.42; 

95% CI: 0.21 – 0.84) for the entire population, and 57% reduced mortality (OR = 0.43; 95% CI: 

0.21 – 0.88) for high risk patients. By 1-year of follow up, there was no significant difference in 

mortality with respect to early vs. late PCI.

Conclusion: In hospitalized NSTEMI patients with high risk of clinical events, early PCI is 

associated with improved 28-day survival.
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Introduction

The optimal timing of revascularization in patients with non ST-segment elevation 

myocardial infarction (NSTEMI) continues to be rigorously debated. Early intervention has 

the potential to prevent ischemic events during the waiting time from event to 

revascularization (1). Conversely, a delayed intervention may avoid procedure-related 

complications by allowing plaque to stabilize during the waiting period, as the patient 

undergoes medical therapy (2, 3). The current American Heart Association/American 

College of Cardiology clinical practice guidelines advocate an early invasive strategy 

(angiography with intent to revascularize within 24 hours) over a delayed invasive strategy 

for initially stabilized high-risk patients with NSTEMI (4). Evidence for this strategy is 

based on clinical trials in controlled settings with selected patients, using composite 

endpoints (3, 5–9).

The benefit of early revascularization reported by clinical trials is largely driven by lower 

incidence of refractory ischemia (5) or new MI (1,6), rather than survival. This is likely due 

to limitations recruiting a large enough sample with sufficient power to analyze mortality 

alone, especially in light of the low mortality following percutaneous revascularization. 

Additionally, definitions of MI and recurrent ischemia used by randomized trials have varied 

(1, 3, 5–9), reducing generalizability of these results. In the present study, we attempt to 

circumvent these limitations by analyzing the real-world effectiveness of early vs. late 

percutaneous coronary intervention (PCI) for reduction of mortality. To accomplish this aim, 

we analyzed data captured from 21 hospitals in four US communities by the Atherosclerosis 

Risk in Communities (ARIC) Surveillance study.

Methods

ARIC Study Community Surveillance

Since 1987, the ARIC study has conducted ongoing surveillance of hospitalized acute 

myocardial infarction (MI) in 4 geographically defined regions of the US: Forsyth County, 

North Carolina; Washington County, Maryland; Jackson, Mississippi; and 8 northwest 

suburbs of Minneapolis, Minnesota. As previously described (10, 11), eligible 

hospitalizations were selected on the basis of age (35–74 years of age), residence in the 

community, and discharge code (International Classification of Diseases, Ninth Revision, 

Clinical Modification [ICD-9-CM] codes 402 (hypertensive heart disease); 410 to 414, 

(acute MI, other acute and subacute ischemic heart disease, old MI, angina pectoris, and 

other forms of chronic ischemic heart disease); 427 (cardiac dysrhythmias); 428 (heart 

failure); and 518.4 (acute edema of the lung), through random sampling within discharge 

code strata. Clinical data were collected from the hospital record by trained abstractors, 

using the physician notes, laboratory reports, patient histories, and discharge summaries. 

The study sample for this analysis is limited to hospitalizations with discharge dates between 
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January 1st, 1987 – December 31st, 2012, and at least one year of follow up for mortality 

outcomes.

Biomarkers

Laboratory values for available cardiac biomarkers (total creatine kinase and myocardial 

band fractions, total lactate dehydrogenase, troponin I and troponin T) were recorded for the 

first 4 days of hospitalization, or the 4 days after the event if occurring in-hospital. The 

laboratory-reported upper limit of normal (ULN) was recorded, and biomarker values were 

abstracted chronologically, recording up to 3 measurements per day. In the uncommon event 

that >3 labs were drawn on a given day, the highest 3 consecutive measurements were 

retained.

Electrocardiography

Available 12-lead electrocardiograms (ECG) were reviewed for quality, rejecting any with 

missing leads, muscle tremor artifact, or technical errors. The first, third, and last ECG 

tracings meeting quality standards were coded electronically at the Minneapolis ECG 

Reading Center (12).

Chest Pain

Presence of chest pain was abstracted from the medical record, with origin determined by 

review of the physician notes. Any mention of substernal pressure, tightness, or pain 

precipitated by exertion or excitement was considered evidence for chest pain of cardiac 

origin. Chest pain specified in the physician notes as “unknown origin” or “undiagnosed” 

was considered “unknown”. Chest pain of cardiac origin was classified as either present or 

absent.

Acute Myocardial Infarction Classification

Hospitalized MI events were classified by the ARIC study as definite, probable, suspect, or 

no MI, based on ECG evidence (evolving diagnostic, diagnostic, evolving ST-T changes, 

equivocal, or absent/uncodable), presence or absence of chest pain, and cardiac biomarkers 

(which were considered “equivocal” if exceeding the ULN but <2 times the ULN, and 

“abnormal” if ≥2 times the ULN). Definite or probable MI was classified using a validated 

computer algorithm (10). Classification criteria remained constant over the study period and 

are described in detail in the ARIC Study surveillance manual (13). Cases with 

disagreements between the computer diagnosis and discharge diagnosis codes were 

reviewed by physicians on the ARIC Mortality and Morbidity Classification Committee for 

final classification. In order to qualify as definite or probable MI, one of the following 

conditions was required: (1) evolving diagnostic ECG pattern, (2) diagnostic ECG pattern 

and biomarkers ≥2 times ULN, (3) cardiac pain and biomarkers ≥2 times ULN, (4) cardiac 

pain and slightly elevated biomarkers (> ULN but <2 times ULN) with evolving ST-T 

pattern or diagnostic ECG pattern, or (5) biomarkers ≥2 times ULN with evolving ST-T 

pattern (12). Definite or probable MI was further classified as either non ST-segment 

elevated myocardial infarction (NSTEMI) or ST-segment elevated myocardial infarction 
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(STEMI), based on the Minnesota code. For the purposes of this analysis, patients identified 

with STEMI were excluded.

Symptom Onset to Admission Time

The elapsed time from onset of chest pain until hospital admission was estimated by 

reviewing the clinical notes. Out-of-hospital symptom onset was defined by timing of acute 

pain anywhere in the chest, left arm, jaw, back, shoulder, right arm, or abdomen in the 72 

hours preceding hospital arrival. For patients with chronic angina, symptom onset was 

defined by change in pain prompting medical attention. Onset of in-hospital chest pain was 

ascertained by reviewing the emergency room sheet, admission notes, and patient history.

Coronary Revascularization Procedures

Revascularizations by PCI (angioplasty, stent, or coronary atherectomy), coronary artery 

bypass graft (CABG) surgery, or intracoronary thrombolytics (streptokinase, urokinase, 

anistreplace, or tissue plasminogen activator) were abstracted from the hospital record. The 

elapsed time from symptom onset to PCI was derived, using the timing of acute pain 

precipitating hospitalization. For the purposes of this analysis, patients not undergoing PCI 

were excluded. We considered revascularization performed <24 hours after symptom onset 

to be “early”, and revascularizations ≥24 hours to be “late”. In the event that multiple 

revascularizations were attempted during the hospital stay, the timing to revascularization 

was based on the first procedure.

Thrombolysis in Myocardial Ischemia (TIMI) Score

TIMI risk scores were derived, based on the abstracted medical histories and laboratory 

values. Clinical inputs for the TIMI risk score for unstable angina / NSTEMI include age ≥ 

65, presence of 3 or more coronary artery disease (CAD) risk factors (family history of 

CAD, hypertension, hypercholesterolemia, diabetes, or tobacco use), known history of CAD 

(stenosis ≥ 50%), aspirin use within the past 7 days, severe angina, ST-segment deviation on 

ECG, and elevated cardiac biomarkers (14). For the purposes of this analysis, hypertension 

was defined by known history of hypertension, antihypertensive medication use, systolic 

blood pressure ≥140 or diastolic blood pressure ≥90 mmHg. Diabetes was defined by known 

history of diabetes or diabetic medication use. Diagnosis of hypercholesterolemia was not 

abstracted by the ARIC surveillance, but was inferred by statin medication use. However, 

statin use prior to 2000 was uncommon. Likewise, family history of CAD was not abstracted 

from the medical record. Known history of CAD was inferred by history of prior angioplasty 

or CABG. Severe angina was inferred by acute chest pain precipitating hospitalization. 

Aspirin usage on a regular basis (not PRN) was abstracted from the medical record, and 

from this aspirin use within the past 7 days was inferred. Patients with a TIMI score of 2–4 

were considered “low risk”, and patients with either a TIMI score of 5–7, or presence of 

cardiogenic shock, cardiac arrest, or ventricular fibrillation were considered “high risk”.

Mortality Outcomes

Mortality was ascertained within 28 days and 1 year of hospital admission by the ARIC 

Community Surveillance, by linking hospitalizations with the national death index.
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Statistical Analysis

All statistical analyses were carried out using SAS 9.4 (SAS Institute; Cary, NC) and were 

weighted by the inverse of the sampling probability. Continuous variables were assessed for 

normality, and compared using 2 sample t-tests. Categorical variables were compared using 

Rao-Scott χ2 tests. Associations between early vs. late revascularization and 28-day or 1-

year mortality were analyzed using multivariable logistic regression. Models were adjusted 

for demographics (age, race, sex, and year of hospitalization), TIMI score, clinical 

comorbidities (pulmonary edema/congestive heart failure, diabetes, smoking, heart rate, 

ventricular fibrillation, cardiac arrest, and cardiogenic shock), aspirin use, weekend 

admissions, and transfer status. Separate models were constructed to assess mortality 

outcomes of early vs. late PCI among high and low risk patients. Because potential benefit 

of early PCI may be confounded by time to presentation following symptom onset (e.g. 
patients arriving early would start appropriate medical therapy sooner than those presenting 

late) we conducted 2 separate sensitivity analyses, which were limited to patients presenting 

to the hospital either <6 hours of symptom onset, or <24 hours after symptom onset. These 

last 2 models were additionally adjusted for duration of symptoms until admission (<1 hour, 

1 to <2 hours, 2 to <4 hours, 4 to <6 hours, 6 to < 12 hours, and 12 to <24 hours). We also 

conducted a subgroup analysis limited to patients admitted from 2000 – 2012, to examine 

outcomes of early vs. late PCI for the more recent years. Potential modifications of mortality 

outcomes associated with early PCI were examined within sex, age (<65 or ≥65 years), and 

race (white or non-white) categories, using multiplicative interaction terms.

Results

From January 1, 1987 – December 31, 2012, there were 16,383 NSTEMI hospitalizations 

with available follow up for mortality outcomes. Of these 1,793 were excluded due to 

missing abstractions of the medical history. Out of the 14,590 NSTEMI patients with 

sufficient clinical data, 4,419 underwent PCI, corresponding to 6,746 weighted 

hospitalizations. The majority were white (79%), and male (68%), with a mean age of 61 

years. Over half (55%) were classified as low risk.

Overall, the majority of patients (65%) were revascularized late. In addition to angioplasty, 

most (87%) had a stent placed. A small fraction (3%) of patients underwent CABG 

subsequent to the PCI. The proportion of revascularizations occurring within 24 hours of 

symptom onset decreased from 1987 to 1996 but then increased with calendar year, reaching 

a high of 46% by 2012 (Figure 1). Patients undergoing early revascularization were more 

often male (72% vs. 66%), but similar in age and race to patients with late PCI (Table 1). 

Current smoking was more common with early compared to late intervention (36% vs. 

33%); however, diabetes (24% vs. 28%) and chronic kidney disease (11% vs. 18% in a 

subsample of ~40%) were less prevalent. Compared to late PCI, an early procedure was 

more often associated with presence of ST-segment deviation (74% vs. 63%) and 

cardiogenic shock (4% vs. 3%). However, acute pulmonary edema was less common with 

early intervention (12% vs. 15%). Mean TIMI scores (4.4 vs. 4.3) were similar between the 

2 groups.
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Early PCI was closely correlated with an early presentation to the hospital following 

symptom onset. This is congruent with our definition of early revascularization, which is 

based on the duration of time from symptom onset until intervention. The majority of 

patients undergoing early revascularization (79%) presented to the hospital within 6 hours of 

their symptom onset, compared to 40% of patient who were revascularized late. Of note, 

41% of patients with late revascularization presented to the hospital 24 hours or later after 

their symptom onset. Patients revascularized late were also more likely to have been 

transferred from another hospital (13% vs. 4%).

The overall mortality in this population of NSTEMI patients undergoing PCI was low. There 

were 124 (2%) deaths occurring in-hospital and 150 (2%) deaths within 28 days. Within 1 

year of hospital admission, 313 patients (5%) died. As might be expected, mortality was 

lower in the low-risk patients compared to high-risk patients (0.04% vs. 6% for in-hospital 

deaths, 0.2% vs. 7% for deaths within 28-days, and 2% vs. 11% for 1-year mortality).

As shown in Figure 2a, early revascularization was associated with lower 28-day mortality. 

After adjustment for demographics (age, race, sex, and year of hospitalization), TIMI score, 

comorbidities (pulmonary edema / congestive heart failure, diabetes, smoking, heart rate, 

ventricular fibrillation, cardiac arrest, and cardiogenic shock), aspirin use, weekend 

admission, and transfer status, early intervention was significantly associated with a 58% 

lower 28-day mortality for the entire population, and a 57% lower 28-day mortality for high 

risk patients. Among the subset of patients admitted to the hospital within 6 hours of their 

symptom onset, early PCI was associated with a 68% lower 28-day mortality, after 

adjustments for demographics, comorbidities, aspirin, weekend admission, transfer status, 

and duration of time from symptom onset to admission. Similarly, a 67% lower 28-day 

mortality was observed among the subset of patients admitted to the hospital within 24 hours 

of their symptom onset. No 28-day survival benefit with early intervention was observed in 

low risk patients (OR=1.12, 95% CI: 0.09 – 19.1); however, statistical models were severely 

underpowered, due to the low number of deaths (n=9) in this group. By one year of follow 

up, the benefit of early revascularization had attenuated for the entire cohort, as well in the 

subgroups of patients with high risk or an early presentation to the hospital. No significant 

interaction between early PCI with age, sex, or race groups was observed, either for the 28-

day morality or 1-year mortality models. (p-value for interaction >0.10 for each model). In 

the subset of patients admitted during between 2000 and 2012, similar 28-day and 1-year 

mortality outcomes were observed with early vs. late PCI (Figure 2b).

Discussion

In this real-world analysis of NSTEMI patients undergoing coronary revascularization, early 

percutaneous intervention was associated with better 28-day survival, both for the entire 

population and the subgroup of patients classified with high risk. However, by 1-year of 

follow up, the better survival with early PCI was no longer statistically significant. The 

results were largely consistent in demographic subgroups by age, sex, and race.

The better prognosis with early vs. late PCI among NSTEMI patients in the ARIC 

Surveillance is consistent with a few prior studies, such as the Randomized Study of 
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Immediate versus Delayed Invasive Intervention in Patients with non ST-segment Elevation 

Myocardial Infarction (RIDDLE-NSTEMI) (6) and the Intracoronary Stenting with 

Antithrombotic Regimen Cooling-Off (ISAR-COOL) (1). In both trials, the 30-day benefit 

of early intervention was largely driven by the reduction in new MI during the pre-

catheterization period. However, neither was able to demonstrate survival benefit alone with 

early revascularization. In this context, it is important that our analysis confirms better 28-

day survival in patients with early vs. late PCI, which is independent of demographics, year 

or hospitalization, and comorbidities. The higher 28-day mortality observed with delayed 

PCI is likely due to the prolonged ischemic time prior to revascularization, leading to 

myocardial necrosis (15) and poor subsequent outcomes.

The attenuation of long-term survival benefit with early vs. late revascularization in the 

ARIC Surveillance parallels the 1-year outcomes reported by the RIDDLE-NSTEMI trial. A 

possible explanation may be adherence to guideline-based recommendations for acute 

coronary syndrome. In particular, antithrombotic and cardioprotective medications have led 

to a reduction in post-hospitalization mortality for NSTEMI patients, irrespective of timing 

of revascularization (4). Additionally, the deleterious effect of prolonged pre-catheterization 

ischemia may wane over time due to selective survival, with most deaths occurring within 30 

days of revascularization. Patients who survive the 30-day window following 

revascularization may be at lower risk of death in long-term follow up.

Although there was declining trend from late 1980s to the beginning of 1990s, from 1996 

onward, an upward trend was observed in the proportion of revascularized NSTEMI patients 

who underwent early PCI. This trend may reflect changes in medical practices in the late 

1990s, following the publication of studies showing benefit of early invasive strategy over 

conservative medical therapy (16–18). The upward trend in the proportion of early PCIs may 

also relate to national trends for earlier transfers of NSTEMI patients from community to 

tertiary hospitals with cardiac catheterization capabilities (19). On the other hand, it is 

possible that the adoption of cardiac troponins by most hospitals in this time frame led to an 

earlier diagnosis of NSTEMI and subsequent early PCI.

Our study has a few important limitations. Although we tried to account for potential 

confounders, as true in any observational studies, we cannot deny the possibility of residual 

confounding (particularly confounding by indication), because early or late PCI was not 

randomly assigned. However, our purpose was to evaluate early vs. late PCI in NSTEMI in 

an uncontrolled real world setting. Clinical data were also limited by their availability in the 

medical record, and creatinine values were unavailable for half the patients. We did not have 

information on timing to angiography; only timing to revascularization was recorded. For 

this reason, we did not include patients undergoing angiography without intervention, as 

there was no way to classify cardiac catheterizations as “early” or “late”. Additionally, the 

timing for revascularization was based on the elapsed time from symptom onset to 

intervention. This limits comparability to early or delayed invasive strategies defined by the 

elapsed time from hospital admission to angiography. However, in a subanalysis of patients 

presenting to the hospital <24 hours after their symptom onset, early PCI remained 

associated with 28-day survival. Our study also has several strengths. The ARIC 

Surveillance provides a large, population-based sample of unselected patients, with 
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sufficient statistical power to examine mortality alone, outside of a composite outcome. 

Clinical and laboratory values were meticulously collected by certified abstractors following 

standardized protocols, and death outcomes were ascertained by the national death index.

Conclusion:

In hospitalized NSTEMI patients at high risk of clinical events and amenable to PCI, early 

intervention is associated with improved 28-day survival.
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Figure 1: 
Calendar-year trends for the proportion of hospitalized NSTEMI patients undergoing 

percutaneous coronary intervention who were revascularized early (<24 hours after 

symptom onset). The Atherosclerosis Risk in Communities (ARIC) Surveillance Study, 

1987–2012.
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Figure 2: 
Adjusted mortality odds ratios* of early (<24 hours after symptom onset) relative to late 

(≥24 hours after symptom onset) percutaneous revascularization in patients hospitalized with 

non ST-segment myocardial infarction (NSTEMI). The Atherosclerosis Risk in 

Communities (ARIC) Surveillance Study, 1987–2012 (2a), and subset of the ARIC 

Communities Surveillance Study admitted from 2000 –2012 (2b).

*Models adjusted for demographics (age, race, sex, calendar year of hospitalization), TIMI 

risk score, comorbidities (pulmonary edema / congestive heart failure, diabetes, smoking, 

heart rate, ventricular fibrillation, cardiac arrest, and cardiogenic shock), aspirin use, 

weekend admission, and transfer status. Models of patients presenting to the hospital <6 and 

<24 hours of symptom onset are additionally adjusted for time from symptom onset to 

admission (<1 hour, 1 to <2 hours, 2 to <4 hours, 4 to <6 hours, 6 to <12 hours, and 12 to 

<24 hours).
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Table 1:

Demographics and clinical characteristics of patients hospitalized with non ST-segment elevation myocardial 

infarction (NSTEMI) who underwent percutaneous coronary revascularization, either early (<24 hours after 

symptom onset) or late (≥24 hours after symptom onset). The Atherosclerosis Risk in Communities (ARIC) 

Surveillance Study, 1987–2012.

Characteristic Early Revascularization N=2,376 Late Revascularization N=4,370

Mean ± SEM or No. (%) Mean ± SEM or No. (%) P-value

Demographics

Age (years) 59 ± 0.3 61 ± 0.2 0.01

Male 1711 (72%) 2903 (66%) 0.0009

White 1930 (80%) 3416 (78%) 0.04

Medical History

Current Smoker 856 (36%) 1442 (33%) 0.09

Hypertension* 1438 (99.6%) 3017 (99.8%) 0.3

Diabetes 571 (24%) 1230 (28%) 0.02

Chronic Kidney Disease† 150 (11%) 359 (18%) 0.003

Prior Revascularization‡ 735 (31%) 1312 (30%) 0.6

Hospital Visit

TIMI Risk Score 4.4 ± 0.02 4.2 ± 0.02 <0.0001

Chest Pain 2354 (99%) 4122 (94%) <0.0001

Elevated Cardiac Enzymes 2368 (99.7%) 4214 (96%) <0.0001

ST-Segment Deviation 1748 (74%) 2756 (63%) <0.0001

S3 Gallop 57 (2%) 84 (2%) 0.3

Pulmonary Rales 132 (6%) 380 (9%) 0.0008

Pulmonary Edema / CHF 280 (12%) 662 (15%) 0.009

Cardiogenic Shock 100 (4%) 110 (3%) 0.002

Weekend Admission 532 (22%) 1145 (26%) 0.02

Transferred from Other Hospital 105 (4%) 560 (13%) <0.0001

Symptom to Admission Time <0.0001

<1 hour 477 (20%) 328 (8%)

1 to <2 hours 631 (27%) 560 (13%)

2 to <4 hours 551 (23%) 554 (13%)

4 to <6 hours 206 (9%) 250 (6%)

6 to <12 hours 283 (12%) 384 (9%)

12 to <24 hours 228 (10%) 472 (11%)

24 to <36 hours 0 848 (19%)

≥36 hours 0 974 (22%)

*
Based on patients with available abstractions for hypertension classification (n=4466).
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†
Chronic kidney disease defined by stage 3 or higher glomerular filtration rate by the CKD-Epi formula. Based on patients with available creatinine 

assessments (n=3,376).

‡
Revascularization includes coronary angioplasty or bypass graft surgery
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