
Address for correspondence:
Deepak L. Bhatt, MD, MPH
1400 VFW Parkway
Boston, MA 02132
dlbhattmd@post.harvard.edu

Clinical Investigations

Reperfusion Strategies and Quality of Care
in 5339 Patients Age 80 Years or Older
Presenting With ST-Elevation Myocardial
Infarction: Analysis from Get With The
Guidelines-Coronary Artery Disease
Hector M. Medina, MD, MPH; Christopher P. Cannon, MD, FACC; Gregg C. Fonarow, MD,
FACC; Maria V. Grau-Sepulveda, MD, MPH; Adrian F. Hernandez, MD, MHS; W. Frank
Peacock, MD, FACEP; Warren Laskey, MD, MPH; Eric D. Peterson, MD, MPH, FACC; Lee
Schwamm, MD; Deepak L. Bhatt, MD, MPH, FACC; on behalf of the GWTG Steering
Committee and Investigators
Department of Medicine, Montefiore Medical Center (Medina), Division of Cardiology, Albert
Einstein College of Medicine, Bronx, New York; TIMI Study Group and Harvard Medical School
(Cannon), Boston, Massachusetts; Duke Clinical Research Institute and Duke University Medical
Center (Grau-Sepulveda, Hernandez, Peterson), Durham, North Carolina; Ronald
Reagan-University of California Los Angeles Medical Center (Fonarow), Los Angeles, California;
Baylor College of Medicine (Peacock), Houston, Texas; University of New Mexico (Laskey),
Albuquerque, New Mexico; Massachusetts General Hospital (Schwamm), Harvard Medical
School (Schwamm), Boston, Massachusetts; VA Boston Healthcare System (Bhatt), Brigham and
Women’s Hospital (Bhatt), and Harvard Medical School (Bhatt), Boston, Massachusetts

Background: Data regarding reperfusion strategies, adherence to national guidelines, and in-hospital mortality in ST-elevation myocardial
infarction (STEMI) patients age ≥80 years are limited. The aim of this study was to determine current reperfusion trends, medical treatment,
and in-hospital mortality during STEMI in older adults.
Hypothesis: Among patients aged 80 or above presenting with STEMI, adherence to guidelines, length of stay, and in-hospital mortality
would be better in those receiving reperfusion versus those who did not.
Methods: Using the Get With The Guidelines-Coronary Artery Disease (GWTG-CAD) database, we examined care and in-hospital outcomes
of STEMI patients ≥80 years old. Use of evidence-based therapies and quality measures were analyzed by reperfusion strategies.
Results: A total of 5339 patients age ≥80 years hospitalized with STEMI were included. Of these, 42.8% (n = 2285) underwent primary
percutaneous coronary intervention (PPCI), 4.8% (n = 255) underwent thrombolysis (TL), and 52.4% (n = 2799) received no reperfusion
(NR). Patients with NR were more likely to be older, female, have lower body mass index, and higher prevalence of renal insufficiency and
heart failure compared with PPCI or TL patients. During the last decade, there was a significant increase in the use of PPCI compared with
TL as the main reperfusion strategy in this population. Adjusted in-hospital mortality in PPCI patients was lower compared with NR patients
(odds ratio [OR]: 0.41, 95% confidence interval [CI]: 0.35-0.49); also, patients undergoing PPCI or TL had lower mortality compared with NR
patients (OR: 0.47, 95% CI: 0.40-0.55).
Conclusions: Among patients ≥80 years old admitted with STEMI to GWTG-CAD hospitals, less than half undergo mechanical or
pharmacological reperfusion. However, the proportion of patients undergoing PPCI has increased substantially over the 8-year study
period. Patients undergoing PPCI or TL had lower in-hospital mortality compared with the NR strategy.
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Introduction
Older adults (defined as ≥80 years old) are a rapidly growing
population in the United States,1 and coronary artery dis-
ease (CAD) is, similar to younger patients, the most common
cause of mortality among this age strata.2 In this population,
acute myocardial infarction (AMI) carries a worse prognosis
as patients’ mean average survival post-AMI ranges between
2 and 6 years.3

Additionally, older patients have been under-represented
in AMI clinical trials. From 583 randomized studies
published between 1991 and 2000, just 9% of patients were
75 years or older.4 This is particularly important as the main
stay of therapy for ST-elevation acute myocardial infarction
(STEMI)5 includes early reperfusion, which has particular
risks in older adults such as intracranial hemorrhage during
thrombolysis (TL).6

Data regarding contemporary reperfusion strategies,
adherence to national guidelines, and in-hospital mortality
in STEMI patients age ≥80 years are limited. Therefore,
we performed a comprehensive analysis of the care patterns
during STEMI in older adults using a national database from
2001 to 2009. The differences in the use of evidence-based
reperfusion strategies, recent revascularization trends,
adherence to pharmacological guidelines, and in-hospital
death were analyzed based on the reperfusion strategy used
on admission.

Methods
The data were extracted form the American Heart Associa-
tion’s Get With The Guidelines-Coronary Artery Disease
(GWTG-CAD) registry. Such initiatives, which promote
strategies to increase adherence to published guidelines for
the management of AMI,7–9 took place in several hospitals
in the United States. The GWTG-CAD program encom-
passes didactic information, workshops, patient follow-up,
and an online Patient management tool (Outcome Sci-
ences, Inc., Cambridge, MA). All participating hospitals
were instructed to provide data without financial compen-
sation. Data were collected in each center by experienced
hospital staff. Cases were found after clinical identification
of patients with STEMI according to the National Center
for Health and Statistics International Classification of Dis-
eases, Ninth Revision identification of CAD diagnoses. The
Duke Clinical Research Institute (DCRI) has an agreement
to analyze the aggregate data for research purposes and
served as the data analysis center.

The patient enrollment took place between January 2000
to March 2009 in 438 medical centers in the United States.
A total of 280 155 individuals were potentially eligible
to be included. From the initial cohort, we limited our
patient population to those age≥80 (n = 60 541) admitted
with STEMI (n = 7532), including patients with new left
bundle branch block (LBBB). Patients transferred from
a different hospital outside the GWTG-CAD network
(n = 1541) or from an acute care facility (n = 442), and
those with incomplete hospital reperfusion data (n = 210)
were excluded. The final cohort included 5339 patients from
319 hospitals. Reperfusion times (including door-to-needle
[DTN] and door-to-balloon [DTB] times) were reported in
all patients.

The main reperfusion strategy, stratified as primary percu-
taneous coronary intervention (PPCI), TL, or no reperfusion
(NR), was the primary independent variable. The primary
outcomes of our analysis were clinical performance mea-
sures, reperfusion times, and length of stay. Performance
measures included strategies known to improve the out-
come in patients with STEMI.5 These include aspirin
(ASA) and β-blocker (BB) use on admission; reperfu-
sion times; and ASA, BB, angiotensin converting enzyme
inhibitor/angiotensin receptor blocker (ACEi/ARB) and
statins use at discharge on those who survived. Measures
are applied only to eligible patients without documented
contraindications or other exceptions to treatment. Mortal-
ity was also analyzed as an outcome in a univariate fashion.
According to national guidelines, DTN time goal was defined
as ≤30 minutes and DTB time goal as ≤90 minutes.5

All invasive procedures due to STEMI, including cardiac
catheterization, percutaneous coronary intervention (PCI)
other than PPCI, and coronary artery bypass graft (CABG)
were registered. Also, time trends regarding reperfusion
strategies were done during the last decade.

Statistical Analysis
Baseline characteristics, procedure use, and clinical out-
comes were compared across the 3 groups specified above
(PPCI, TL, and NR). Continuous variables are presented as
means with standard deviation or medians with interquartile
percentiles; categorical variables are expressed as frequen-
cies with percentages. To test for independence of patient
baseline characteristics, in-hospital care patterns, outcomes
with respect to reperfusion strategy group,χ2 rank-based
group means score statistics (equivalent to Kruskal-Wallis
test), and χ2 1 df rank correlation statistics were used for
all continuous/ordinal variables. The association between
reperfusion strategy and predefined outcomes, the compli-
ance with individual quality of care measures, the summary
defect-free care measure (coded 0, 1 for each patient),
and mortality were examined using multivariable logistic
regression models. The Generalized estimating equation
method was used to account for within-hospital cluster-
ing. Prespecified potential confounders adjusted in the
models were: age, gender, race, hypertension, prior AMI,
high lipids, peripheral vascular disease, heart failure, his-
tory of stroke/transient ischemic attack, diabetes, chronic
obstructive pulmonary disease, and renal insufficiency. The
association of reperfusion strategy with the predefined out-
comes was presented using odds ratios (ORs) with 95%
confidence intervals (CIs). Changes in patterns of reperfu-
sion were analyzed from 2001 to 2009. A probability value of
<0.05 was considered statistically significant for all tests.

All analyses were performed by the DCRI with the
Statistical Analysis System (SAS) software version 9.2 (SAS
Institute, Cary, NC) and Outcomes Sciences, Inc. served
as the data collection and coordination center. The authors
had full access to the data and take responsibility for the
data’s integrity.

Results
Patient Characteristics
The study population included 5339 STEMI patients age
≥80 years. From these, 42.8% (2285) underwent PPCI, 4.8%
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(255) underwent TL, and 52.4% (2799) had NR. Baseline
characteristics are presented in Table 1. Patients in the
NR group were more likely to be older, female, and have
lower body mass index (BMI) compared with patients
who did undergo PPCI or TL. On clinical presentation,
NR patients had lower BMI, diastolic blood pressure, low-
density lipoprotein levels, left ventricular ejection fraction,
and higher heart rate compared to those who underwent
early reperfusion.

Clinical Performance Measures

Although the use of ASA and BB within the first 24 hours was
high overall, patients who underwent PPCI were more likely
to be treated with these guideline-recommended therapies
compared with those who had TL and NR (Table 2). This
difference was still present after multivariate adjustment
(Table 3). The median DTB time in those undergoing PPCI
was 90 minutes (interquartile range [IQR]: 63–135), and
the percentage of patients achieving optimal DTB time was
36.2%. The median DTN time in those undergoing TL was
54.5 minutes (IQR: 28–83), and the percentage of patients
achieving optimal DTN time was 21.9% (Table 2).

In-Hospital Mortality

In-hospital mortality of patients admitted with STEMI
(Table 2) who had early reperfusion was lower compared
with NR patients (PPCI: 9.9% vs TL: 19.2% vs NR: 23.4%; P<

0.001). Further univariate comparisons of PPCI vs NR and
PPCI or TL vs NR showed lower mortality and shorter length
of stay (LOS) as shown in Tables 3 and 4. Adjusted analyses
for LOS and in-hospital mortality of patients undergoing
PPCI or TL also showed statistically significant reduc-
tion compared with patients undergoing no reperfusion
(Tables 3 and 4) after adjustment for measured confounders.

Discharge Clinical Performance/Quality Measures

The rate of patients discharged on ACEI/ARB with left
ventricular systolic dysfunction, ASA, BB, clopidogrel, and
statins post-STEMI was lower in patients in the NR arm com-
pared with those who had early reperfusion (Table 2). The
lowest adherence to routine post-STEMI medications was
observed with statins, particularly those in the NR group
(64.3% compared with 87.7% in PPCI patients). After multi-
variate adjustment, these differences remained statistically
significant, as shown in Tables 3 and 4. Other quality-of-care
variables such as weight management, smoking cessation,
blood pressure control, and cardiac rehabilitation were also
higher when comparing PPCI and TL patients vs NR patients
in univariate and multivariate analyses. Patients who did
not undergo early revascularization were more likely to
have CABG compared with those who did undergo early
reperfusion (PCI: 1.4% vs TL: 4.7% vs NR 8.8%; P< 0.001).

Temporal Trends

These analyses were done for percentage of patients age
≥80 years undergoing PPCI vs TL vs NR, including those
with and without contraindications for either type of reper-
fusion strategy, and were performed on a year-by-year basis
from 2001 to 2009, as shown in the Figure. It was noticed

that during the last 8 years the percentage of patients
having PPCI as the primary reperfusion strategy for STEMI
increased from 26.7% in 2001 to 53.3% in 2009. At the
same time, the number of patients having TL and NR has
decreased from 20.0% to 1.8% and 53.3% to 44.9%, respec-
tively, within the same time frame (P for trend < 0.0001).

Discussion
In the present study based on a large national database, less
than half of STEMI patients ≥80 years old received reperfu-
sion therapy with either PPCI or TL. The use of evidence-
based medical therapies for these patients was high, par-
ticularly in those receiving mechanical or pharmacological
reperfusion. The use of PPCI as the reperfusion strategy pro-
vided to patients age 80 years and above has substantially
increased during the last decade compared with TL. Finally,
the use of PPCI or TL was associated with lower in-hospital
death and LOS compared with patients who had NR.

As the population of older adults continues to increase,
acute coronary events are of paramount importance as this
is the top etiology for mortality in this age group.2 In
these older patients, STEMI has particular epidemiolog-
ical characteristics that frequently make them ineligible
for early reperfusion including late presentation, atypical
electrocardiographic features (up to one-third of these
patients present with LBBB vs typical ST-elevation), and
high prevalence of contraindications for reperfusion.10,11

Also, there may be a common belief regarding the applica-
bility of national guidelines5,12 for acute reperfusion during
STEMI to patients age ≥80 years, due to the low num-
ber of patients in this age group who have participated in
landmark AMI trials.4,13 For instance, the CRUSADE (Can
Rapid Risk Stratification of Unstable Angina Patients Sup-
press Adverse Outcomes with Early Implementation of the
American College of Cardiology and American Heart Associ-
ation Guidelines) investigators found that those patients who
were ineligible to receive reperfusion during STEMI were
older compared to those who were eligible in a large national
database.14 In addition, there was a significant 13% increased
risk of not receiving reperfusion per every 10-year increase
in age. In this study, inability to receive reperfusion therapy
without a clear contraindication resulted in higher odds of
death and occurred in 7% of the total population across all
ages. Data from the Thrombolysis In Myocardial Infarction
9B trial showed a similar trend in terms of low use of primary
reperfusion for patients in a similar age strata; among those
patients eligible who were not enrolled in the trial eligible
for reperfusion, only 60% had TL and 12% had PPCI.15 Our
study determined the dramatic low rate (47.6%) of older
patients receiving reperfusion during STEMI, although pre-
cise determination of individuals eligible for such therapies
is not possible with our database. However, such a gap
should be explored further as many older patients may be
eligible for early reperfusion therapy during STEMI, and
age per se may be the only reason for withholding these
therapies, which can potentially impact short- and long-term
mortality.

In this study, the used of TL was very low and decreased
over time. The high incidence of TL-related complications in
older adults, such as intracranial hemorrhage16 compared
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Table 1. Baseline Characteristics Stratified by Reperfusion Strategy

Description Overall [n = 5339] PPCI [n = 2285] Thrombolysis [n = 255] None [n = 2799] P Value

Age, mean ± SD, y 85.6 ± 4.5 84.3 ± 3.7 85.4 ± 4.3 86.6 ± 4.8 <0.001

Men, no (%) 2120 (39.7) 959 (42.0) 109 (42.8) 1052 (37.6) 0.005

Race, no (%) <0.001

White 4294 (80.4) 1914 (83.8) 192 (75.3) 2188 (78.2)

Hispanic 248 (4.7) 104 (4.6) 24 (9.4) 120 (4.3)

Black 219 (4.1) 97 (4.3) 10 (3.9) 112 (4.0)

Asian 226 (4.2) 43 (1.9) 20 (7.8) 163 (5.8)

American Indian or Alaska Native 3 (0.1) 30.1 (0.13) 0 (0.0) 40.1 (0.14)

Native Hawaiian or Pacific Islander 6 (0.1) 3 (0.1) 0 (0.0) 3 (0.1)

UTD 224 (4.2) 82 (3.6) 8 (3.1) 134 (4.8)

Health insurance, no (%) <0.001

Medicare 2717 (50.9) 1140 (49.9) 106 (41.6) 1471 (52.6)

Medicaid 240 (4.5) 68 (3.0) 15 (5.9) 157 (5.6)

Other 1635 (30.6) 779 (34) 82 (32.2) 774 (27.7)

No insurance 127 (2.4) 66 (2.9) 9 (3.5) 52 (1.9)

Medical history, no (%)

Atrial fibrillation 74 (14.7) 260(11.9) 35 (14.6) 450 (17.1) <0.001

Atrial flutter 18 (0.4) 4 (0.2) 1 (0.4) 1 (0.5) 0.193

TIA/stroke 67 (13.3) 217 (9.9) 22 (9.2) 433 (16.4) <0.001

Chronic obstructive pulmonary disease 667 (13.2) 239 (10.9) 29 (12.1) 399 (15.1) <0.001

Coronary artery disease 707 (14.0) 318 (14.5) 13 (5.4) 376 (14.3) <0.001

Previous MI 956 (18.9) 357 (16.3) 39 (16.3) 560 (21.2) <0.001

Prior CABG 79 (1.6) 38 (1.7) 0 (0.0) 41 (1.6) 0.121

Diabetes/insulin treated 136 (2.7) 53 (2.4) 2 (0.8) 81 (3.1) 0.073

Diabetes/not insulin treated 326 (6.4) 152 (6.9) 11 (4.6) 163 (6.2) 0.282

Heart failure 1110 (21.9) 256 (11.7) 51 (21.3) 803 (30.4) <0.001

Hypertension 3652 (72.1) 1584 (72.3) 166 (69.5) 1902 (72.1) 0.654

Hyperlipidemia 1742 (34.4) 886 (40.4) 61 (25.5) 795 (30.1) <0.001

Peripheral vascular disease 450 (8.9) 186 (8.5) 13 (5.4) 251 (9.5) 0.073

Renal insufficiency 627 (12.4) 169 (7.7) 27 (11.3) 431 (16.3) <0.001

Smoking 354 (6.6) 162 (7.1) 21 (8.2) 171 (6.1) <0.001

Clinical characteristics, mean ± SD

BMI 25.2 ± 5.4 25.7 ± 5.2 25.5 ± 6.7 24.5 ± 5.4 <0.001

Systolic BP, mm Hg 132.4 ± 31.3 133.9 ± 31.5 141.2 ± 28.5 130.5 ± 31.1 0.08

Diastolic BP, mm Hg 71.5 ± 18.6 73.0 ± 18.6 75.0 ± 14.7 69.9 ± 18.7 <0.001

LDL, mg/dL 95.6 ± 36.7 96.6. ± 38.4 103.9 ± 36.2 93.4 ± 34.4 <0.001

Ejection fraction, mg/dL 42.8 ± 14.6 45.5 ± 14.1 42.7 ± 13.9 40.4 ± 14.8 <0.001

Abbreviations: BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; LDL, low-density lipoprotein; MI, myocardial infarction;
PPCI, primary percutaneous coronary intervention; SD, standard deviation; TIA, transient ischemic attack; UTD, unable to define.
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Table 2. Performance Measures, Quality Measures, and Mortality Stratified by Reperfusion Strategy

Measurement/Treatment Overall [n = 5339] PPCI [n = 2285] Thrombolysis [n = 255] None [n = 2799] P Value

Early medical therapy, no. %

Aspirin within <24 hours 4365 (93.4) 2026 (96.1) 209 (94.9) 2130 (90.9) <0.001

β-Blockers within <24 hours 3526 (86.9) 1619 (90.4) 177 (86.3) 1730 (83.9) <0.001

Timelines of reperfusion

DTN ≤ 30 minutes, % N/A N/A 56 (21.9) N/A

DTB ≤ 90 minutes, % N/A 828 (36.2) N/A N/A

DTN time, median (25th–75th), min N/A N/A 54.5 (28.0–83.0) N/A

DTB time, median (25th–75th), min N/A 90.0 (63.0–135.0) N/A N/A

Surgical revascularization, no. %

CABG 208 (4.8) 33 (1.4) 7 (4.7) 168 (8.8) <0.001

Discharge medications, no. %

ACEI/ARB in documented LVSD 880 (78.9) 390 (85.3) 35 (76.1) 455 (74.4) <0.001

ASA 3672 (95.0) 1889 (97.8) 176 (98.9) 1607 (91.5) <0.001

β-Blockers 3529 (94.3) 1778 (96.8) 168 (94.3) 1583 (91.5) <0.001

Statins 3109 (75.9) 1735 (87.7) 141 (71.2) 1233 (64.3) <0.001

Clopidogrel 2509 (67.8) 1665 (91.7) 127 (70.6) 717 (42.1) <0.001

Other QCA measures, no. %

Weight management 1371 (77.8) 830 (84.4) 65 (69.2) 476 (69.5) <0.001

Diabetes treatment 291 (82.4) 155 (86.1) 9 (81.8) 127 (78.4) 0.1739

Diabetes teaching 29 (8.2) 12 (6.7) 1 (9.1) 16 (9.9) 0.5562

Smoking cessation 228 (80.9) 129 (87.8) 12 (66.7) 87 (74.7) 0.0067

Blood pressure control 2935 (79.1) 1438 (81.1) 148 (82.7) 1349 (76.7) 0.0026

Cardiac rehabilitation 3242 (77.1) 1741 (86.2) 137 (68.8) 1364 (68.7) <0.001

In-hospital mortality, no. % 929 (17.4) 226 (9.9) 49 (19.2) 654 (23.4) <0.001

LOS, median (25th–75th), d 5 (3-7) 4 (3-7) 5 (3-8) 5 (3-8) 0.0045

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CABG, coronary artery bypass graft; DTB, door-to-
balloon; DTN, door-to-needle; LOS, length of stay; LVSD, left ventricular systolic dysfunction; N/A, not applicable; QCA, quality control assessment.

with younger patients, may be an important factor to explain
the low rate of use of TL therapy seen in this and prior
cohorts.10,17 Prior STEMI studies have stratified patients by
age analyzing the effects of TL compared with placebo. In
particular, an age subgroup analysis from the Fibrinolytic
Therapies Trialists Group (FTT)18 analyzed outcomes of
58600 STEMI patients from 9 randomized trials. In that
analysis, there was a benefit of TL vs placebo in short-term
mortality in the overall population, although such benefit
was not seen in patients ≥75 years old. Prior nonrandom-
ized data have shown conflicting results, with the latest FTT
report indicating lack of benefit from TL in older patients
during STEMI and even potential detrimental effects.11,19,20

These results raise an ongoing debate regarding the ben-
efit of TL in older adults presenting with STEMI.10 Most

importantly, data regarding the benefit of TL vs placebo in
this particular age stratum are derived only from subgroup
analyses of randomized trials and observational studies.

As opposed to TL during STEMI in older adults, there is
a limited amount of prospective data comparing mechani-
cal vs pharmacological reperfusion. In a small randomized
trial, de Boer et al compared the outcome of older adults
during STEMI using PPCI vs TL (mean age, 80 and 81,
respectively).21 The study was terminated early due to an
overwhelming increase in death, stroke, and reinfarction
at 30 days in patients undergoing TL. The differences in
outcomes were even more impressive considering the rela-
tively small sample size allocated to each treatment (PPCI:
46 patients and TL: 41 patients). The second study by Gold-
enberg et al22 was a prospective nonrandomized comparison
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Table 3. Adjusted Odds Ratios for Clinical Performance Measures, Quality Measures, and In-Hospital Death Comparing Primary Percutaneous Coronary
Intervention vs No Reperfusion

Measurement Treatment Unadjusted OR (95% CI) P Value Adjusted OR (95% CI)a P Value

Early medical treatment

Aspirin within <24 hours 1.98 (1.45-2.70) <0.0001 1.90 (1.40-2.57) <0.0001

β-blockers within <24 hours 1.45 (1.14-1.84) 0.002 1.35(1.07-1.71) 0.0128

Discharge medications

ACEI/ARB 1.82 (1.40-2.38) <0.0001 1.57 (1.14-2.15) 0.0052

ASA 3.37 (2.44-4.64) <0.0001 3.04 (2.17-4.27) <0.0001

β-Blockers 2.26 (1.68-3.06) <0.0001 2.01 (1.47-2.74) <0.0001

Statins 3.17 (2.66-3.78) <0.0001 2.71 (2.27-3.24) <0.0001

Clopidogrel 15.1 (11.63-19.60) <0.0001 14.76 (11.36-19.19) <0.0001

Other QCA measures

Weight management 1.75 (1.42-2.15) <0.0001 1.64 (1.34-2.02) <0.0001

Diabetes treatment 1.67 (0.96-2.91) 0.0680 1.46 (0.83-2.54) 0.1870

Diabetes teaching 0.72 (0.32-1.61) 0.4225 0.64 (0.26-1.54) 0.3179

Smoking cessation 2.43 (1.24-4.76) 0.0094 2.63 (1.39-4.96) 0.0029

Blood pressure control 1.23 (1.05-1.45) 0.0113 1.19 (1.01-1.41) 0.0389

Cardiac rehabilitation 2.01 (1.69-2.39) <0.0001 1.82 (1.53-2.16) <0.0001

Mortality 0.36 (0.31-0.42) <0.0001 0.41 (0.35-0.49) <0.0001

LOS >4 days 0.77 (0.69-0.86) <0.0001 0.77 (0.68-0.86) <0.0001

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; ASA, aspirin; CI, confidence interval; LOS, length of
stay; OR, odds ratio; QCA, quality control assessment. aAdjusted for age (continuous), gender, race (whites vs others), medical history (chronic obstructive
pulmonary disease or asthma, cerebrovascular accident/transient ischemic attack, diabetes/insulin, diabetes/not insulin, heart failure, hyperlipidemia,
hypertension, peripheral vascular disease [PVD], prior myocardial infarction, renal failure [RF]). For smoking cessation, the adjustment was only for age
(continuous), gender, race (whites vs others), history of RF.

of PPCI vs TL in patients >70 years old in 2 hospitals, each
with a preference for mechanical vs pharmacologic reperfu-
sion. The in-hospital and 6-month mortalities in both groups
were similar, but the composite outcome of death, need for
revascularization, or recurrent AMI was higher in the TL
group, driven by need of revascularization. More recently,
the TRIANA (Tratamiento del Infarto Agudo de Miocar-
dio en Ancianos) investigators compared similar strategies
(PPCI vs TL) in STEMI patients ≥75 years old.23 The trial
was stopped early due to slow enrollment, and only 266
patients were included. There was no significant difference
in death alone or major adverse events (defined as death,
reinfarction, or disabling stroke) between the 2 groups.
However, the authors also performed a meta-analysis with
prior studies testing the same strategies in similar popula-
tions. After pooling all the available data, there was a 36%
decrease in the odds of major events in patients undergoing
PPCI vs TL (OR: 0.64, 95% CI: 0.45-0.91) and a nonsignificant
trend toward decrease in mortality favoring PPCI (OR: 0.74,
95% CI: 0.74-1.13). Also, subgroup analyses of multiple ran-
domized trials24,25 and large observational studies26–28 have
shown consistent benefit of PPCI over TL. Our study demon-
strated the overwhelming increase in the number of patients

undergoing PPCI among hospitals enrolled in the GWTG-
CAD database, acknowledging that these time-trend analy-
ses include a combination of patients eligible for reperfusion
and also those with contraindications. For instance, in 2001
only 26.7% of patients underwent PPCI compared with 53.3%
in 2009. Also, the number of patients receiving some type
of reperfusion increased from 46.7% in 2001 to 55% in 2009.
Despite the paucity of dedicated trials examining exclusively
older adults, the existent data reflect the relative safety pro-
file of PPCI in this population, especially when considering
the bleeding risks associated with TL.21,22 In a prior analysis
from the GWTG-CAD database, older adults were found
to have higher mortality compared with younger adults
when pooling all acute coronary syndromes.29 Although the
present 5339 patients were part of that analysis, the current
study focuses only on STEMI patients and compares their
adherence to guidelines and outcomes depending on the
revascularization method during the index event.

The overall use of medications on admission and dis-
charge, which have demonstrated benefit during STEMI,
was high in older adults. However, patients receiving PPCI
or TL had higher rates of use of ASA and BB on admission
and were discharged more often on ASA, BB, ACEI/ARB,

Clin. Cardiol. 35, 10, 632–640 (2012) 637
H.M. Medina et al: Strategies and quality of care in older STEMI patients

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22036 © 2012 Wiley Periodicals, Inc.



Table 4. Adjusted Odds Ratios for Clinical Performance Measures, Quality Measures, and In-Hospital Death Comparing Primary Percutaneous Coronary
Intervention or Thrombolysis vs No Reperfusion

Measurement Treatment Unadjusted OR (95% CI) P Value Adjusted OR (95% CI)a P Value

Early medical treatment

Aspirin within <24 hours 2.05 (1.49-2.81) <0.0001 1.96 (1.44-2.65) <0.0001

β-Blockers within <24 hours 1.45 (1.15-1.83) 0.0015 1.37 (1.09-1.71) 0.0070

Discharge medications

ACEI/ARB 1.71 (1.33-2.21) <0.0001 1.47 (1.09-1.99) 0.0129

ASA 3.63 (2.62-5.03) <0.0001 3.31 (2.36-4.64) <0.0001

β-Blockers 2.15 (1.61-2.89) <0.0001 1.93 (1.42-2.61) <0.0001

Statins 2.63 (1.75-3.95) <0.0001 2.47 (1.65-3.71) <0.0001

Clopidogrel 11.27 (8.94-14.22) <0.0001 10.86 (8.56-13.79) <0.0001

Other QCA measures

Weight management 1.60 (1.31-1.95) <0.0001 1.49 (1.22-1.82) <0.0001

Diabetes treatment 1.64 (0.96-2.80) 0.0728 1.42 (0.83-2.44) 0.2053

Diabetes teaching 0.74 (0.31-1.76) 0.4942 0.65 (0.25-1.64) 0.3582

Smoking cessation 1.96 (1.05-3.68) 0.0358 2.05 (1.11-3.78) 0.0209

Blood pressure control 1.26 (1.07-1.48) 0.0058 1.21 (1.03-1.43) 0.0231

Cardiac rehabilitation 1.83 (1.56-2.15) <0.0001 1.67 (1.43-1.95) <0.0001

Main outcomes

Mortality 0.40 (0.35-0.47) <0.0001 0.47 (0.40-0.55) <0.0001

LOS >4 days 0.81 (0.72-0.90) <0.0001 0.81 (0.73-0.91) 0.0003

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; ASA, aspirin; CI, confidence interval; LOS, length of
stay; OR, odds ratio; QCA, quality control assessment. aAdjusted for age (continuous), gender, race (whites vs others), medical history (chronic obstructive
pulmonary disease or asthma, cerebrovascular accident/transient ischemic attack, diabetes/insulin, diabetes/not insulin, heart failure, hyperlipidemia,
hypertension, peripheral vascular disease [PVD], prior myocardial infarction, renal failure [RF]). For smoking cessation, the adjustment was only for age
(continuous), gender, race (whites vs others), history of RF.

Figure 1. Reperfusion strategy by calendar years from 2001 to 2009. P for trend <0.0001. Abbreviation: PCI, percutaneous coronary intervention.

clopidogrel, and statins compared with NR patients. This
pattern was consistent in univariate and multivariate anal-
yses. Overall, differences in the prescription of all these
medications can be due to sicker patients in the NR arm
resulting in unmeasured confounding not amendable to mul-
tivariate adjustment, or due to variability in blood pressure
and heart rate during the STEMI hospitalization. These

variables may have played a role in the clinical judgment to
prescribe or withhold these medications. However, differ-
ences in these gaps need to be explored further, as it may
be related to local practice patterns in which lower use of
medications known to decrease mortality during STEMI is
associated with lower use of early reperfusion. Also, it was
noticed that the percentage of patients achieving optimal
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DTB times during PPCI (36.2%) was higher compared with
the percentage of patients with optimal DTN times dur-
ing TL (21.9%). Also, the median DTB in our cohort was
exactly 90.0 minutes, which is defined as optimal com-
pared with the median DTN of 54.5 minutes, which is
almost twice the duration recommended by current national
guidelines.5

Our analysis has multiple strengths including the enroll-
ment of a large and diverse population treated in many
medical centers in the United States. Furthermore, it con-
stitutes a detailed depiction of presentation and treatment
patterns of STEMI in older adults with strict inclusion cri-
teria and a high degree of quality control assessment. The
index diagnosis was confirmed both on admission and dis-
charge to improve accuracy. However, there are a number
of inherent limitations. There may be residual measured
and unmeasured confounding in the regression analyses,
despite recording multiple comorbidities and checking for
several clinical characteristics on presentation. In particu-
lar, the observations about lower mortality with reperfusion
may be due, in whole or in part, to residual measured and
unmeasured confounding. Also, the hospitals participating
in the GWTG-CAD database are self-selected and may not
represent the pattern of general practice. Finally, we cannot
comment on the clinical situation at presentation that would
potentially pose ethical conflicts and reasonably obviate can-
didacy for invasive or lytic therapy (eg, severe dementia,
cancer, or other major comorbidities) and thus explain the
low rate of reperfusion therapy in older adults. The lack of
this particular clinical information may explain why offer-
ing or withholding reperfusion therapy is more appropriate
depending on the baseline characteristics of each specific
patient. Finally, all clinical data were taken from medical
records and are dependent on the quality and accuracy of
chart abstraction.

Conclusion
Among adults age 80 years and older admitted with STEMI
to medical centers enrolled in the GWTG-CAD program,
less than half the patients received reperfusion therapy.
However, the portion of patients undergoing PPCI has
increased dramatically during the 8-year study period.
Medications that have demonstrated benefit during STEMI
are used more often in patients undergoing PPCI or TL
compared with NR patients. The remaining treatment
gaps in reperfusion and other evidence-based treatments
represent potential opportunities for improving quality of
care and outcomes for older adults with STEMI. The
hypotheses generated by the present study, suggesting
that PPCI or TL may be associated with lower in-hospital
death and LOS in older patients, need to be tested in a
prospective randomized trial.
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