
potential benefit from cardiovascular therapies includ-
ing revascularization. Although prior work has shown
a lower rate of cardiac catheterization after MI in the
elderly, our study examines the use of any risk-stratifi-
cation testing (cardiac catheterization, stress test, or
echocardiography) within 60 days of MI.

Methods
Patient Population

Our population includes the 192,311 Medicare patients ≥65
years of age admitted with a diagnosis of acute MI (ICD-9 code
410) between January 1992 and November 1992. Patients diag-
nosed with end-stage kidney disease or a primary diagnosis for
hospitalization other than ischemic heart disease were
excluded from our analysis. We also excluded patients who
died during hospitalization.

Data collection
We combined Medicare part A (hospital claims for diagnos-

tic and procedure codes) and Medicare part B (physician/sup-
plier claims for professional services) to create a longitudinal
record of services. After the initial MI, stress testing, echocar-
diography, nuclear ventriculography, cardiac catheterization,
and revascularization performed to 60 days as well as 30-day
and 1-year mortality rates were available.

Risk-stratification testing
Post-MI testing was considered in two categories. Tests of

coronary artery disease (CAD) severity included stress electro-

Although only 60% of patients with myocardial infarc-
tion (MI) are older than 65 years of age, they account for
>80% of MI-related deaths.1,2 Advancing age is associated
with increased comorbidity and higher short-term mortal-
ity rates after MI, yet many of the oldest old can still bene-
fit from aggressive care.3-6 Despite this, older patients
receive fewer medications (eg, β-blockers and aspirin) and
fewer therapeutic interventions (eg, angioplasty and
bypass surgery) after MI.7-10 The greater disease severity
and higher rates of subsequent cardiac events in this pop-
ulation make risk stratification a useful strategy to select
those elderly patients for whom additional treatments are
likely to be helpful.

National guidelines suggest testing to assess
ischemic risk and left ventricular (LV) function within
several weeks after an acute MI (Table I11-14). The
guidelines emphasize that patients with greater dis-
ease severity and lower LV function have greater
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Post–myocardial infarction risk stratification in
elderly patients
Karen P. Alexander, MD,a Anthony N. Galanos, MD,b James G. Jollis, MD,a Judith A. Stafford, MS,a and Eric D.
Peterson, MD, MPHa,b Durham, NC

Background The purpose of this study was to examine the use of post–myocardial infarction (MI) risk stratification in
the elderly. Although expert panels have recommended risk stratification after MI, limited data are available on whether
patients actually undergo suggested testing. In particular, concern has been raised that the elderly, who are at high risk for
recurrent ischemia and short-term death, are not referred as often as younger patients for post-MI testing.

Methods We studied the records of 192,311 Medicare patients (age ≥65 years) admitted with MI between January
1992 and November 1992. By combining Medicare part A and part B data, we created a longitudinal record of patient
care within 60 days of an MI admission. We describe the pattern of post-MI testing for ischemia and left ventricular function
and outcomes as a function of patient age.

Results Patients ≥75 years of age were significantly less likely than patients 65 to 74 years of age to have either car-
diac catheterization (17% vs 43%) or any test for coronary artery disease severity (24% vs 53%). They were also less likely
to have a test of left ventricular function (61% vs 76%). Even after adjustment for baseline characteristics, older patients
remained less likely than younger patients to have an assessment of coronary artery disease severity (odds ratio, 0.44) or
left ventricular function (odds ratio, 0.65).

Conclusions Post-MI risk stratification declines with age and falls short of recommendations in our nation’s elderly. This
lack of testing may result in lost opportunities for therapeutic interventions in this high-risk group. (Am Heart J 2001;142:37-42.)



cardiography, stress echocardiography, nuclear stress (multi-
ple gated acquisition [MUGA] or single-photon emission com-
puted tomography), and diagnostic catheterization. Tests of
LV function included echocardiography, nuclear ventriculog-
raphy, and left ventriculogram during cardiac catheterization.
We describe testing patterns as a function of patient age in 2
categories (65 to 74 years of age and ≥75 years of age) and by
5-year age increments both before hospital discharge and at
60 days. We also show testing patterns for cardiac catheteriza-
tion, noninvasive testing, and echocardiography in the very
elderly by geographic regions across the United States
(divided according to US Census).

Clinical end points
We identified revascularization procedures (angioplasty and

coronary artery bypass surgery) within 60 days of the initial
MI admission. The median and mean length of stay, discharge
location, readmission rates at 60 days, and mortality rates are
shown by age category.

Statistical analysis and logistic regression
Baseline characteristics and testing patterns are presented

for 2 age categories: 65 to 74 years of age and ≥75 years of

age. Descriptive statistics are shown as percentages for dis-
crete variables and means and standard deviations for continu-
ous variables. Significance testing was performed by means of
the Student t test or χ2 analysis where appropriate and consid-
ered significant at a level of P < .01.

We determined patient comorbidity by using the Charlson
Index modified to account for the burden of noncardiac ill-
ness.15 This index combines standard medical diagnoses
(hypertension, diabetes, peripheral vascular disease, chronic
obstructive pulmonary disorder [COPD], cerebrovascular dis-
ease, liver dysfunction, dementia, and so on) weighted by
severity into a “burden of comorbid illness” score. With the
use of logistic regression analysis, we adjusted for baseline dif-
ferences in Charlson comorbidity, sex, race, and age. For each
patient characteristic in the model, the likelihood of undergo-
ing a cardiac catheterization, echocardiography, any stress
test, any test of CAD severity, or any test of LV function after
MI was determined. Odds ratios (OR) and 95% confidence
intervals (CI) are shown for each test after adjusting for differ-
ences in baseline characteristics.

Results
Baseline demographics

The majority of our total population was ≥75 years of
age (56.6%; mean age, 76.6 years). The mean age for
the “younger” old (65 to 74 years) was 69.7 years and
for the “older” old (≥75 years) was 81.9 years. Older
patients were more likely to be female and white and
had less diabetes and COPD but more renal insuffi-
ciency, malignancy, and dementia. Overall, the two age
groups were similar in their comorbidity profiles
(Charlson Index 2+: 13% vs 12.4%) and infarct locations
(Table II).

Post-MI testing
Slightly more than half of the patients 65 to 74 years

of age (59%) and 29% of the patients ≥75 years of age
had an evaluation of CAD severity (noninvasive stress
test or cardiac catheterization) during their initial hospi-
talization (Table III). For CAD severity assessment, car-
diac catheterization was performed more than twice as
often on the “younger” old compared with the “older”
old patients (48% vs 20%) (Table III). Noninvasive test-
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Tests of ischemia/coronary 
Guideline disease status Assessment of LV function

ACC/AHA Guidelines for Management of acute MI11,12 Class 1: Cardiac catheterization or Class 1: Beneficial in all patients
stress testing within 6 wk

ACP Guidelines for risk Stratification after MI13 Class A: Cardiac catheterization or Class A: Beneficial in all patients
stress testing

ACC/AHA Guidelines for use of Echocardiography14 Class 1: Imaging modality if resting Class 1: Beneficial as baseline 
electrocardiogram uninterpretable measure of LV function

ACC, American College of Cardiology; AHA, American Heart Association; ACP, American College of Physicians.

Table I. Post-MI testing guidelines

Age 65–74 y Age ≥75 y 
(n = 83,382) (n = 108,929)

Baseline
Age (mean + SD) 69.7 ± 2.8 81.9 ± 5.2
Male (%) 58.4 42.8*
Cardiovascular disease (%) 4.6 6.4*
Nonwhite (%) 11.0 7.7*
Diabetes (%) 24.4 19.1*
Renal (%) 1.5 2.4*
Malignancy (%) 4.3 4.9*
Dementia (%) 0.6 2.8*
COPD (%) 5.3 4.1*
Charlson Index ≥2 (%) 12.4 13.0*

Acute MI location
Anterior (%) 23.8 23.7
Inferior (%) 30.3 21.6*
Subendocardial (%) 24.5 28.7

*P < .001.

Table II. Baseline characteristics by age category



ing was also less commonly used in the older patients
(20% vs 12%). Of those undergoing noninvasive testing,
nuclear perfusion imaging was the most common
modality used in either age group. At 60 days, the use
of testing in both groups increased slightly, with the
largest increase in postdischarge stress testing among
the “younger” old (20% to 32% at 60 days).

The majority of patients in both age groups under-
went some evaluation of LV function, including
echocardiography, MUGA, and left ventriculogram
(71% in “younger” old vs 57% in “older” old). The dif-
ferences in LV function testing across age were smaller
than those in CAD severity testing, largely because of
similar patterns of echocardiography use in both age
groups (43.4% in “younger” old vs 44.7% in “older”
old). There was only a small increase in LV function
testing after hospital discharge in either age group.

We observed a decline in testing for CAD severity at

each 5-year increment of advancing age (Figure 1);
however, the decline in cardiac catheterization and
stress testing dropped most sharply after age 80 years.
The use of echocardiography does not appear to be
influenced by patient age (Figure 2).

Post-MI testing after adjustment
Age remained a very powerful independent predictor

of post-MI testing even after accounting for Charlson
Comorbidity Index, race, and sex. Patients >80 years of
age were 88% less likely to undergo cardiac catheteriza-
tion after MI than were patients between the ages of 65
and 69 years (OR, 0.12; 95% CI, 0.11 to 0.12) (Table
IV). Nonwhite race, female sex, and more noncardiac
comorbid illness all decreased a patient’s likelihood of
undergoing cardiac catheterization. Advancing age,
female sex, and nonwhite race had limited impact on
whether a patient underwent echocardiography. The
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In-hospital (%) 60 d (%)*

Age 65–74 y Age ≥75 y Age 65–74 y Age ≥75 y

Tests of ischemia/CAD 58.7 28.7 63.2 29.5
Cardiac catheterization 47.6 20.0 51.9 21.1

Noninvasive 20.0 11.8 32.0 14.5
Treadmill test 9.4 5.2 16.5 6.9
Nuclear test 10.8 6.5 17.5 8.1
Stress echocardiography 0.5 0.4 1.6 0.7
MUGA 6.1 5.5 6.9 5.6

Tests of LV function 71.0 56.8 76.4 61.5
Echocardiogram 43.4 44.7 54.6 52.7
Rest MUGA 0.8 0.7 1.3 0.8
LV gram 47.6 20.0 51.9 21.1

P < .001 for all comparisons across age.
*Sixty days from initial hospital admission.

Table III. Post-MI testing patterns

Figure 1

Post-MI testing by age category. Use of cardiac catheteriza-
tion, stress testing, revascularization, and echocardiography
within 60 days of MI.

Figure 2

Assessment of CAD severity and LV function by age category.
Proportion of patients who undergo no assessment of LV func-
tion or CAD severity are shown by age category.



oldest patients (age ≥80 years) were the least likely to
undergo stress testing compared with those 65 to 69
years of age (OR, 0.32; 95% CI, 0.31 to 0.33).

Outcomes
The mean and median lengths of stay were similar for

both age groups (Table V). A majority of both age
groups were discharged to home, but a greater percent-
age of patients ≥75 years of age were discharged to
nursing facilities (15.6% vs 5.2%). Revascularization
rates for both percutaneous transluminal coronary

angioplasty (PTCA) and coronary artery bypass grafting
(CABG) follow the declines in post-MI testing and car-
diac catheterization with advancing age. Although
32.6% of patients 65 to 74 years of age undergo some
type of revascularization procedure within 60 days of
their MI, only 12.3% of those ≥75 years of age did.
Readmission rates at both 30 and 60 days were slightly
higher among the older patients. Older patients had sig-
nificantly higher in-hospital (22.9% vs 13.7%) and 1-year
(43.6% vs 24.9%) mortality rates than did younger
patients (Table V).

Post-MI testing by US Census region
There was variability across US regions in the use of

invasive and noninvasive testing in elderly patients with
MI (Table VI). New England had the lowest use of car-
diac catheterization but higher use of noninvasive stress
testing and echocardiography. Other regions followed
the general pattern where higher use of cardiac
catheterization corresponded to lower use of noninva-
sive testing. The use of echocardiography was less vari-
able across the regions.

Discussion
In this national cohort of elderly patients, we found

that patients receive less post-MI risk assessment with
advancing age. In fact, nearly three quarters of patients
≥75 years of age and >80% of patients ≥80 years of age
had no measure of CAD severity by either cardiac
catheterization or stress testing within 60 days of their
MI. This lack of risk stratification in the elderly was not
explained by differences in race, sex, or comorbidity.
Although the higher mortality rates after MI in elderly
patients may be a result of their advanced age, the lack
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Cardiac Any stress Test of CAD Test of LV 
Predictor of catheterization Echocardiography test OR severity OR function OR 
testing OR (95% CI) OR (95% CI) (95% CI) (95% CI) (95% CI)

Age 70–74 y* 0.71 1.04 0.86 0.71 0.84
(0.69–0.71) (1.01–1.07) (0.83–0.89) (0.69–0.73) (0.82–0.86)

Age 75–79 y* 0.43 1.07 0.70 0.44 0.65
(0.42–0.45) (1.04–1.10) (0.68–0.73) (0.43–0.46) (0.64–0.67)

Age ≥80 y* 0.12 0.92 0.32 0.13 0.36
(0.11–0.12) (0.90–0.94) (0.31–0.33) (0.13–0.14) (0.35–0.37)

Nonwhite 0.78 1.02 1.00 0.76 0.89
(0.75–0.80) (0.99–1.05) (0.94–1.04) (0.73–0.79) (0.86–0.92)

Female 0.82 1.09 0.82 0.80 0.96
(0.80–0.84) (1.07–1.11) (0.80–0.85) (0.79–0.82) (0.94–0.98)

1 Comorbidity 0.71 0.99 0.86 0.73 0.85
(0.69–0.73) (0.97–1.01) (0.84–0.89) (0.71–0.74) (0.84–0.87)

≥2 Comorbidities 0.50 1.04 0.71 0.51 0.77
(0.48–0.52) (1.00–1.07) (0.67–0.75) (0.49–0.53) (0.74–0.79)

*Compared with age 65 to 69 years.

Table IV. Likelihood of undergoing post-MI testing: Odds ratios in multivariable model

Age 65–74 y Age ≥75 y*

Length of stay
Mean ± SD 10.2 ± 7.9 10.3 ± 8.1
Median (25th, 75th) 8 (5, 12) 8 (5, 11)
≥14 d (%) 21.9% 22.9%

Discharge location
Home 93.8% 83.3%
Nursing facility 5.2% 15.6%

Readmission
30 d 19.6% 20.6%
60 d 27.5% 29.2%

Revascularization†
Overall 32.6% 12.3%
PTCA 17.4% 7.1%
CABG 13.1% 5.0%

Death
In-hospital 13.7% 22.9%
30-d 15.1% 26.0%
1-y 24.9% 43.6%

*P < .001 for all comparisons across age.
†At 60 days.

Table V. In-hospital, 30-day, and 60-day outcomes by patient
age category



of risk stratification in this vulnerable population raises
the possibility that there are missed opportunities to
reduce mortality rates by targeting therapies to those
who could benefit from them.

Clinicians often take a conservative approach to man-
aging coronary disease in their patients with advanced
age because of concerns about the relative risk-benefit
ratio. Prior studies have shown a marked decrease in
the use of initial thrombolytic therapy, coronary angiog-
raphy, and revascularization in elderly survivors of
MI.16,17 Our study extends these findings by demon-
strating that elderly patients have lower rates of all risk-
stratification modalities. In addition, the lower use of
cardiac catheterization is not compensated for by the
use of noninvasive testing. The previously documented
variability in US regional testing patterns among post-MI
patients is also seen among the very elderly in our pop-
ulation.18 Despite this variability, testing among the
very elderly in all US regions remains well below that of
younger patients. Because risk-stratification strategies
act as gatekeepers to other therapeutic interventions,
particularly revascularization, the lack of testing may
prevent life-saving treatment.19 The benefits of risk
stratification in the elderly are even more pronounced
because this population is frequently either asympto-
matic or has atypical symptoms of cardiac ischemia.
Although we are unable to determine “appropriate-
ness” for testing, the conservative approach without
any risk assessment may leave missed opportunities for
life-saving therapies in our elderly patients.

Although it is true that elderly patients with CAD
often have more comorbidity, age alone does not iden-
tify those who will do poorly after revascularization,
making it important to consider revascularization as a
potential therapeutic intervention in this age group.
Recent studies have reported that outcomes after heart
surgery in the oldest old have been improving.20 Cur-

rently, the in-hospital mortality rates after CABG
surgery in octogenarians is approximately 8% and just
4% among those without significant comorbidity (com-
pared with 3% and 1%, respectively, in patients <80
years of age).21 Likewise, angioplasty can be performed
safely with excellent symptomatic results in many
elderly patients.22 Currently, the procedural success
rate for angioplasty is approximately 84% in octogenari-
ans, with a 3.8% in-hospital mortality rate (compared
with 89% and 1.1%, respectively, in younger
patients).23 In fact, the lack of coronary angiography
after MI has been shown to be a strong predictor of
subsequent death (hazard ratio, 0.31).8 Therefore, the
nearly double in-hospital mortality rates among elderly
patients in our population (22.9% vs 13.7%) might have
been reduced with a strategy of identifying patients at
high risk who would benefit from revascularization.

Limitations
Our data was from 1992, and although guideline rec-

ommendations have not changed, patterns of testing
may have shifted since then. Although some risk-stratifi-
cation testing may have occurred beyond the 60-day
interval we examined, our intention was to describe
the initial and short-term testing strategies in elderly
patients. The assessment of comorbidity is limited to
those diseases coded in administrative data; however,
this limitation should affect patients of both age groups
equally. In addition, we are able to describe but not
determine the appropriateness or cost-effectiveness of
testing or revascularization in either the younger or
older age groups. The recommendations within the
national post-MI guidelines are based on data from
younger patients. Finally, our observational study does
not provide a randomized comparison of outcomes
among elderly patients who do or do not receive guide-
line-recommended testing.
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US region (n) Cardiac catheterization Noninvasive testing Echocardiography

New England (8653) 14.5% 20.5% 56.5%
Mid-Atlantic (21,706) 15.2% 16.2% 58.6%
South Atlantic (18,428) 23.2% 14.4% 56.5%
East North Central (17,739) 22.9% 14.2% 56.3%
East South Central (6458) 22.0% 10.5% 48.6%
West North Central (9134) 22.8% 13.2% 47.1%
West South Central (10,024) 24.7% 10.2% 46.5%
Mountain (4328) 29.2% 17.9% 45.5%
Pacific (11,275) 24.0% 13.7% 42.5%

Noninvasive testing includes treadmill tests, nuclear tests, stress echocardiography, and stress MUGA.
US Census regions: New England (Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut); Mid-Atlantic (New York, New Jersey, Pennsylvania); South
Atlantic (Deleware, Maryland, Washington, DC, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida); East North Central (Ohio, Indiana, Illinois, Michi-
gan, Wisconsin); East South Central (Kentucky, Tennessee, Alabama, Mississippi); West North Central (Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska,
Kansas); West South Central (Alabama, Louisiana, Oklahoma, Texas); Mountain (Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada); Pacific (Wash-
ington, Oregon, California, Alaska, Hawaii).

Table VI. Sixty-day testing by US Census region among patients ≥75 years of age



Conclusions
Despite the importance of post-MI risk stratification,

assessments of ischemia and LV function after MI decline
rapidly with advancing patient age. Among a national
Medicare cohort, 40% of patients ≥75 years of age had no
measure of LV function, and 70% had no measure of
CAD severity within 60 days after their infarct. Although
some elderly patients are best treated conservatively, the
lack of risk stratification after MI prevents the identifica-
tion of the subset of elderly patients who would gain
from more aggressive therapeutic interventions.
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