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Background—There is limited information about the long-term survival of older patients after myocardial infarction (MI).

Methods and Results—CRUSADE (Can rapid risk stratification of unstable angina patients suppress adverse outcomes with early
implementation of the ACC/AHA guidelines) was a registry of M| patients treated at 568 US hospitals from 2001 to 2006. We
linked MI patients aged >65 years in CRUSADE to their Medicare data to ascertain long-term mortality (defined as 8 years post
index event). Long-term unadjusted Kaplan—Meier mortality curves were examined among patients stratified by revascularization
status. A landmark analysis conditioned on surviving the first year post-MI was conducted. We used multivariable Cox regression to
compare mortality risks between ST-segment—elevation myocardial infarction and non—ST-segment—elevation myocardial infarction
patients. Among 22 295 MI patients > age 65 years (median age 77 years), we observed high rates of evidence-based medication
use at discharge: aspirin 95%, B-blockers 94%, and statins 81%. Despite this, mortality rates were high: 24% at 1 year, 51% at
5 years, and 65% at 8 years. Eight-year mortality remained high among patients who underwent percutaneous coronary
intervention (49%), coronary artery bypass graft (46%), and among patients who survived the first year post-MI (59%). Median
survival was 4.8 years (25th, 75th percentiles 1.1, 8.5); among patients aged 65-74 years it was 8.2 years (3.3, 8.9) while for
patients aged >75 years it was 3.1 years (0.6, 7.6). Eight-year mortality was lower among ST-segment—elevation myocardial
infarction than non—-ST-segment—elevation myocardial infarction patients (53% versus 67%); this difference was not significant after
adjustment (hazard ratio 0.94, 95% confidence interval, 0.88—1.00).

Conclusions—Long-term mortality remains high among patients with Ml in routine clinical practice, even among revascularized
patients and those who survived the first year. (/ Am Heart Assoc. 2018;7:e007230. DOI: 10.1161/JAHA.117.007230.)
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y 2030, 71 million adults will be age 65 years or older

and will comprise 20% of the total population.' Coronary
disease disproportionately affects older adults; however, long-
term outcomes of older patients after myocardial infarction
(MI) are not well studied, as these patients are often under-
represented in randomized clinical trials and prospective
longitudinal studies rarely follow patients beyond the first few
years after their index event."* Knowledge of long-term
prognosis can aid in treatment decisions for older patients
with MI. The CRUSADE (Can rapid risk stratification of

unstable angina patients suppress adverse outcomes with
early implementation of the ACC/AHA guidelines) study was a
large national registry of patients with acute coronary
syndrome treated between 2001 and 2006 at >500 hospitals
across the United States. Its linkage to Centers for Medicare
and Medicaid Services data afforded a unique opportunity to
examine longitudinal outcomes out to 8 years after the initial
MI event. Our study aims to epidemiologically describe the
long-term mortality of older patients with Ml treated in routine
clinical practice. We examined long-term mortality stratified

From the Duke Clinical Research Institute, Duke University School of Medicine, Durham, NC (A.K., A.Y.C., N.J.P., P.A.C., M.T.R., E.D.P., T.Y.W.); Novartis
Pharmaceuticals Corporation, East Hanover, NJ (P.P.S.); Ronald Reagan UCLA Medical Center, Los Angeles, CA (G.C.F.).

Accompanying Tables S1 and S2 are available at http://jaha.ahajournals.org/content/7/13/e007230/DC1/embed/inline-supplementary-material-1.pdf

This analysis was presented as an oral presentation at the Scientific Session of the American College of Cardiology, March 19, 2017 in Washington, DC.
Correspondence to: Ajar Kochar, MD, MHS, Duke University Medical Center, Box 3126, Durham, NC 27710. E-mail: ajar.kochar@duke.edu

Received November 21, 2017; accepted June 6, 2018.

© 2018 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is
non-commercial and no modifications or adaptations are made.

DOI: 10.1161/JAHA.117.007230 Journal of the American Heart Association 1


info:doi/10.1161/JAHA.117.007230
http://jaha.ahajournals.org/content/7/13/e007230/DC1/embed/inline-supplementary-material-1.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Long-Term Mortality Post Myocardial Infarction Kochar et al

Clinical Perspective

What Is New?

* Long-term mortality over an 8-year follow-up period among
older patients with myocardial infarction aged >65 years is
high at 65%.

* Long-term mortality remains higher than 45% even among
relatively younger patients aged 65 to 74 years, patients
who underwent revascularization, and patients who survived
the first year post-myocardial infarction.

What Are the Clinical Implications?

These data describing the long-term mortality rates enable
clinicians and patients to engage in discussions about long-
term prognosis to help guide shared-decision making.

by age group, prior M, sex, diabetes mellitus, M| type, and
revascularization status during the index MI.

Methods
Reproducibility

The data, analytic methods, and study materials will be made
available to other researchers for purposes of reproducing the
results or replicating the procedure. The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Study Population

CRUSADE was a national quality improvement initiative that
collected data between 2001 and 2006 on patients with non—
ST-segment—elevation myocardial infarction  (NSTEMI).?
Between September 2004 and December 2006, 235 of the
participating hospitals began submitting data on patients with
STEMI. The definition of Ml in CRUSADE required patients to
present with ischemic chest pain lasting>10 minutes within the
24 hours before hospitalization admission and positive cardiac
markers (either creatine kinase-MB or troponin levels above the
upper limit of normal, which were designated NSTEMI) or
ischemic ST-segment elevation on ECG (which were designated
STEMI).® A total of 76 112 patients, treated for STEMI or
NSTEMI at 514 hospitals between 2001 and 2006, were linked
to Centers for Medicare and Medicaid Services claims data
through the end of 2014 using 5 indirect identifiers: index Ml
hospital identifier, admission date, discharge date, age, and
sex.” To evaluate the outcomes of both NSTEMI and STEMI
patients, we started with all patients in the linked database when
STEMI data collection began in CRUSADE (n=23 083). We
excluded linked patient records missing date of death (n=12)

and nonindex admissions for patients who had repeat admis-
sions in the CRUSADE (n=776). The final analysis population was
22 295 patients with Ml treated at 344 hospitals, from October
2004 to December 2006 (Figure 1). Among these, 19 755
(88.6%) and 2540 (11.4%) were NSTEMI and STEMI, respectively.

Data Collection and Definitions

Data in CRUSADE were abstracted by a trained data collector
at each hospital after local institutional review board approval.
The data were collected anonymously, thus informed consent
was not required. Variables collected include demographics,
prehospital data, medical history, pertinent signs and symp-
toms, laboratory values such as cardiac biomarkers, in-
hospital treatments, associated major contraindications to
evidence-based therapies, and in-hospital outcomes. The
outcome of interest in this analysis was all-cause mortality.
Time to all-cause mortality was defined as the number of days
between date of index MI admission and date of death. The
death date was ascertained from Medicare denominator files.

Statistical Analysis Plan

Patient baseline demographics, clinical characteristics, dis-
charge medications, and interventions were described for the
overall population, then stratified by Ml type (NSTEMI versus
STEMI) and in-hospital revascularization status (percutaneous
coronary intervention [PCI] versus coronary artery bypass
grafting [CABG] versus medical management).

The unadjusted Kaplan—Meier event rates for mortality
were estimated at 1, 5, and 8 years after the index MI.
Similarly, the unadjusted 8-year mortality rates were exam-
ined in a landmark analysis conditioned on surviving the first
year post-MI. Median survival from date of index admission
was calculated overall, then stratified by subgroups: age
group at the index M, prior Ml, sex, diabetes mellitus, Ml type,
and revascularization status during index MI.

Kaplan—Meier curves were displayed to estimate the
probability of mortality during the long-term follow-up strat-
ified by MI type and revascularization status. The log-rank test
was used to assess whether the differences between the
curves were statistically significant at P<0.05.

Cox proportional hazards models were performed to
explore the association between 8-year mortality and sub-
groups (ie, prior MI, sex, diabetes mellitus, Ml type, and in-
hospital revascularization). Robust standard errors were used
to account for clustering of patients within hospitals. Covari-
ates included in these models are based on the validated and
published CRUSADE long-term mortality model: age, sex,
race, weight, family history of coronary artery disease,
hypertension, current/recent smoker, diabetes mellitus, dys-
lipidemia, prior PCI, prior MI, prior CABG, prior heart failure,
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NSTEMI and STEMI patients = 65
years in overall CRUSADE Registry
from 2001- 2006 across 567 U.S. sites

(n=104,999)
Linkage of CRUSADE Registry with
Medicare claims data. There were
28,887 patients who were unable to
be linked

Y

Linked cohort reflects NSTEMI and

STEMI patients enrolled in CRUSADE

from 2001-2006 across 514 U.S.

hospitals. Records were linked

through 2014 (n = 76,112)
Excluded patients from data

collection form (DCF) version 1.0

h 4

and 2.0 which did not include STEMI
cases (n = 52,764)

Excluded patients with linked CMS
records that did not match on sex

X

Patients with successful linkage of
CRUSADE DCF version 3.0 and
Medicare claims data through 2014
(n=23,083)

death time (n = 265)

Excluded patients with missing
death time (n = 12)

Excluded patients with non-index

Y

Final analysis population enrolled in
344 U.S. sites from 2004-2006, with
follow up through 2014 (n = 22,295)

admissions (n = 776)

Figure 1. Patient flow diagram. CMS indicates Centers for Medicare and Medicaid
Services; CRUSADE, Can rapid risk stratification of unstable angina patients suppress
adverse outcomes with early implementation of the ACC/AHA guidelines; NSTEMI,

non—ST-segment—elevation myocardial

myocardial infarction.

prior stroke, peripheral artery disease, systolic blood pressure
and heart rate on admission, signs of heart failure on
admission, initial hematocrit, initial serum creatinine, and
initial troponin ratio (ratio over institutional upper limit of
normal).® The urgency to revascularize differs between MI

infarction; STEMI, ST-segment—elevation

types, hence MI type was added to the model comparing
mortality by revascularization status.

The percentage of missing data was low, <2% for most
variables. For modeling, missing values of the continuous
covariates were imputed to the Ml type and sex-specific median
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overall (n): 16,970 15,039 13,462
Landmark (n): N/A 15,039 13,462
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T
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Figure 2. Cumulative Kaplan—Meier mortality estimates during an 8-year follow-up period in the overall
population (blue line) and landmark population, conditional on surviving 1 year from the index
MI hospitalization (dashed red line). n is the number of patients at risk. Ml indicates myocardial infarction;

N/A, not applicable.

of the nonmissing values. For categorical variables, missing
values were imputed to the most frequent group. All statistical
analyses were performed at the Duke Clinical Research
Institute using SAS software (version 9.4; SAS Institute).

Results

Clinical Characteristics and In-Hospital
Management

Among 22 295 patients with MI studied in this analysis, the
median age was 77 years, 47.5% were female, and 13.3%
were nonwhite race. Baseline characteristics are presented in
Table 1. NSTEMI patients compared with STEMI patients were
older (median: 78 versus 76 years), had a higher prevalence
of prior cardiovascular disease (prior MI, prior heart failure,
prior stroke, prior PCl, and prior CABG) and cardiac risk
factors (hypertension, diabetes mellitus, and dyslipidemia).
Among patients with STEMI, 65.5% of patients were
treated with primary PCl, 8.0% were treated with CABG, and
25.9% were treated with medical management. Among
patients with NSTEMI, 32.3% underwent PCI, 8.7% underwent
CABG, and 57.7% underwent medical management. In com-
parison with patients who underwent PCl or CABG, medically
managed patients were older, more often females, and had a
higher rate of the following comorbidities: hypertension,

diabetes mellitus, prior MI, prior CABG, prior heart failure,
prior stroke, and peripheral artery disease.

The proportion of patients discharged on evidence-based
medications was high: aspirin 95.3%, B-blocker 93.9%, statin
81.3%, and clopidogrel 72.9%. Furthermore, 83.2% of smokers
received smoking cessation counseling and 83.5% of all
patients received dietary counseling.

Mortality

The unadjusted in-hospital mortality rate was 7%. As
illustrated in Figure 2, the unadjusted mortality rate was
24% at 1 year and continued to rise steadily beyond the first
year. Mortality rates were 51% at 5 years, and 65% at 8 years.
Among patients who survived the first year post-Ml, observed
mortality rates were lower but approximated those of the
overall population over time. The 8-year mortality was 59% in
the landmark population.

The median survival was 4.8 years (25th, 75th percentiles:
1.1, 8.5 years). The observed 8-year mortality rate was 45%
among patients aged 65 to 74 years and 77% among patients
>75 years. In contrast to actuarial life expectancy data from
the United States National Vital Statistics Reports,” post-MI
patients had substantially lower life expectancy. Median
actuarial and post-MI survival, stratified by age group, are
shown in Figure 3. Table S1 provides the sample sizes and
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Median Survival Stratified by Age

8.3
7.8
6.8
6
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I )
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>

65-69 70-74 75-79 80-84
Age in Years
Life Expectancy from 2004 National Vital Statistics Report

85-89 90

Figure 3. Median survival in years, stratified by age group at presentation for the index MI. The black bars
reflect post-MI patients in the CRUSADE-CMS-linked data set. The gray bars represent expected lifespan
from the United States National Vital Statistics Report.’ The largest difference in survival is noted among
the relatively younger patients. Data from the 2004 National Vital Statistics Report are presented to provide
context. The gray bars reflect expected lifespan of adults by ascending order of age: 65, 70, 75, 80, 85, and
90 years. Direct comparisons cannot be made between the median survival among our cohort and the
expected lifespan because of the differences in age categorization. The sample sizes for the post-Ml
patients depicted in the black bars are provided in Table S1. CMS indicates Centers for Medicare and

Medicaid Services; MI, myocardial infarction.

interquartile range of the age groups depicted in Figure 3. The
differences are especially marked in the relatively younger
cohort of patients aged 65 to 74 years. Note, actuarial data
are presented only to provide context; there was no statistical
testing conducted to determine statistical significance.

Mortality Stratified by Subgroups

Probability of observed mortality, stratified by MI type and
then by revascularization status, separately, are shown in
Figure 4. The Kaplan—Meier curves for mortality among
patients with NSTEMI demonstrate a steeper curve over an

8-year follow-up period in comparison with patients with
STEMI (Figure 4A). However, after adjustment for differences
in demographic and clinical characteristics, the differences in
8-year probability of mortality compared among patients with
NSTEMI and STEMI attenuated with an adjusted hazard ratio
of 0.94 (95% confidence interval, 0.88—1.00, Table 2). The
discordance between the steeper NSTEMI curve and the
statistically insignificant differences in risk of mortality
between NSTEMI and STEMI after adjustment may reflect
the higher comorbidity burden within the NSTEMI cohort. The
early (first 1-2-year) unadjusted mortality rate among patients
undergoing CABG was higher than those undergoing PCI, after
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o
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Management (n)
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PCl (n)
CABG (n) 1,679 1,610 1,533 1,436 1,331 1,229 1,143 1,033

Figure 4. Cumulative Kaplan—Meier mortality estimates stratified by subgroup. A, Ml type, NSTEMI (red)
vs STEMI (blue). B, Revascularization strategy, Medical Management (red), PCI (blue), CABG (green); n is
the number of patients at risk. CABG indicates coronary artery bypass grafting; MI, myocardial infarction;
NSTEMI, non-ST-segment—elevation myocardial infarction; PCIl, percutaneous coronary intervention;

STEMI, ST-segment—elevation myocardial infarction.

which the curves begin to overlap. Alternatively, the mortality
curves for medically managed patients revealed higher rates
of mortality early and consistently higher rates of mortality
over the long-term follow-up. These associations between
treatment strategy and long-term mortality persisted after
multivariable adjustment (Table 2). Figure 5 shows Kaplan—
Meier mortality curves stratified by both MI type and
revascularization. Among these groups, 8-year mortality was

lowest in patients with STEMI treated with revascularization
and highest in unrevascularized patients with NSTEMI.
Furthermore, we examined the observed 8-year mortality
rates and present the adjusted hazard ratios of several
clinically relevant subgroups in Table 2. Patients with a prior
MI (74.5%) had a higher mortality rate compared with patients
without a prior Ml (6 1.1%); the adjusted hazard ratio was 1.12
(95% confidence interval, 1.07—1.16). The observed 8-year
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Table 2. Long-Term Observed Mortality Rates and Hazard Ratios Stratified by Subgroups

Median Follow-Up
Times During the
Entire Study Period
Observed Event in Years (25th to
Subgroup Subcategory Rate % (95% CI) 75th Percentiles) Adjusted HR (95% CI)
Prior MI Presence of prior MI 74.5 (73.4-75.5) 3.4 (0.8-8.1) 1.12 (1.07-1.16)
Absence of prior M 61.1 (60.3-61.8) 5.6 (1.3-8.6) Reference
Sex Male 62.6 (61.7-63.5) 5.2 (1.3-8.6) 1.18 (1.14-1.23)
Female 67.8 (66.9-68.7) 4.3 (0.9-8.4) Reference
DM Presence of DM 73.7 (712.7-74.7) 3.5(0.8-8.1) 1.28 (1.23-1.33)
Absence of DM 60.3 (59.5-61.1) 5.7 (1.4-8.6) Reference
MI type STEMI 53.4 (51.5-55.3) 7.2 (1.8-8.7) 0.94 (0.88-1.00)
NSTEMI 66.5 (65.9-67.2) 4.6 (1.1-8.5) Reference
Revascularization PCI 49.3 (48.2-50.4) 8.0 (3.4-8.9) 0.64 (0.61-0.67)
Status CABG 46.4 (44.2-48.6) 8.2 (3.9-9.0 0.61 (0.56-0.66)
Medical management 78.3 (77.6-79.1) 2.5(0.4-7.1) Reference

CABG indicates coronary artery bypass grafting; Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio; MI, myocardial infarction; NSTEMI, non—ST-segment—elevation myocardial
infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment—elevation myocardial infarction.

mortality was lower among males (62.6%) compared with
females (67.8%). However, after adjustment for baseline
variables, there was a higher hazard of mortality; the adjusted
hazard ratio was 1.18 (95% confidence interval, 1.14-1.23).
The 8-year mortality rate was higher for patients with diabetes
mellitus (73.7%) versus without diabetes mellitus (60.3%), and
this risk remained higher after adjustment: hazard ratio 1.28
(95% confidence interval, 1.23—1.33). Factors associated with
8-year mortality are depicted in Table S2.

Discussion

This analysis of the CRUSADE registry linked to Centers for
Medicare and Medicaid Services claims data provides a unique
long-term perspective on mortality among older patients with
MI treated in US clinical practice. Despite high rates of
guideline-directed medical therapy prescribed at discharge, 8-
year mortality for an older cohort (median age 77 years) was
high at 65% among MI patients >65 years. The median survival
of post-MI patients is markedly lower than actuarial survival of
similarly aged adults in the US population. Eight-year mortality
rates exceeded 45% even among the cohort aged 65 to
74 years, patients who underwent in-hospital revasculariza-
tion, and patients who survived 1 year post-index MI.

This study represents one of the largest cohorts of
patients with MI treated in routine US clinical practice. While
there was a difference in the long-term mortality curves
between patients presenting with NSTEMI versus STEMI, this
difference did not remain significant after multivariable
adjustment. These data echo prior studies that revealed a

difference in both short- and long-term prognosis between
NSTEMI and STEMI patients.’®'" A prior publication of the
CRUSADE registry that followed patients aged >65 years up
to 5 years post-MI showed lower unadjusted mortality rates
for patients revascularized surgically (24.2%) versus percuta-
neously (33.5%) compared with unrevascularized patients
(50.0%).'% Our analysis extended the follow-up to 8 years,
now showing similar mortality between patients treated with
CABG versus PCIl; however, both groups still had 8-year
mortality rates exceeding 45%. By depicting the mean survival
of patients with MI alongside actuarial data (Figure 3), we
underscore the difference in natural history among older
patients with and without Mls and emphasize the severity of
this disease process. We also performed a landmark analysis
of patients who have favorable early outcomes by surviving
the first year post-index MI. Early survival may predict better
long-term outcomes. A British study evaluated long-term
survival of patients with Ml who survived at least 30 days
post-index event. The median age of that study population
was 71 years, and the 7-year survival was 69% among men
and 53% among women.'® In our landmark analysis condi-
tioned upon surviving 1 year post-MI, we observed an 8-year
mortality rate of 59%. These results emphasize a high
mortality risk even among patients who survived up to 1 year
after their initial MI and underscore the importance of
secondary prevention strategies for patients with MI both
early and late after the index MI.

Several factors potentially explain the high mortality rates
appreciated in our study. Older patients with MI often present
late to medical care because of atypical symptoms, cognitive
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Figure 5. Probability of mortality as a function of time since index MI in years stratified by medically
managed STEMI (red line), revascularized (PCl or CABG) STEMI (blue line), medically managed NSTEMI
(green line), and revascularized NSTEMI (black line). n is the number of patients at risk. CABG indicates
coronary artery bypass grafting; MI, myocardial infarction; NSTEMI, non—ST-segment—elevation myocardial
infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment—elevation myocardial infarction.

impairments, or difficulty accessing care.'® The MITRA
(maximal individual therapy in acute myocardial infarction)
study showed a prehospital delay of 210 minutes in Ml
patients aged >75 years compared with 155 minutes in
patients <75 years.'®> Rates of coronary revascularization,
either PCI or CABG, were low in both STEMI and NSTEMI
patients. This may reflect less invasive practice patterns
during our study period 2004 and 2006. However, revascu-
larization rates for stable NSTEMI patients aged 65 years and
older did not increase substantially when observed between
2007 and 2012, as the rates of PCl were 36% and CABG 8%
then.'® Underutilization of evidence-based therapies has been
well described among older patients with ML'* While
evidence-based medications were prescribed at high rates
at the time of discharge, our data could not examine
medication dosing, persistence, and adherence over the
study period. Prior studies demonstrated suboptimal adher-
ence to statins among older patients with MI, and low
medication adherence was associated with a higher risk of
major cardiovascular events.'”’'® The high observed death
rate in older patients may reflect the influence of multiple

comorbidities and frailty on post-MI recovery." Our study
underscores the large comorbidity burden among older Mi
patients; 77% had hypertension, 35% had diabetes mellitus,
17% had renal insufficiency, and 13% had prior stroke. Older
patients with Ml also contend with competing risks from other
illnesses. While our study could not distinguish between
cardiovascular and noncardiovascular causes of death, in the
TRILOGY ACS (Targeted Platelet Inhibition to Clarify the Optimal
Strategy to Medically Manage Acute Coronary Syndromes) trial,
which studied NSTE ACS (Non ST elevation acute coronary
syndrome) patients >75 years, 292 of 368 deaths (79%) were
adjudicated as death from a cardiovascular cause.'’

Our study was not intended to replace results from
randomized clinical trials studying revascularization strategies.
However, these data help address a common question posed
by patients and caregivers; clinicians can educate patients
about their anticipated long-term prognosis. The mortality of
patients treated in routine community practice is likely worse
than those of patients typically included in randomized trial
populations, regardless of revascularization status. Armed with
these data, patients and clinicians can have more meaningful
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conversations about post-MI prognosis and more optimally
engage in shared decision making, especially as observed
survival in post-MI patients was markedly lower than actuarial
survival among similarly aged US adults (Figure 3).° Clinicians
should acknowledge that these long-term data, calculated
based on data from the CRUSADE study in 2001 to 2006, may
be different from contemporary prognoses, although we have
not observed a substantial increase in revascularization rates
among older patients with Ml treated in the contemporary era.
From a healthcare perspective, these statistics are sobering.
These findings should lead to reflections on appropriate
utilization and optimal dosing of secondary prevention thera-
pies, along with revascularization when indicated for older
patients with MI. Novel medication approaches to secondary
prevention may be of particular interest to older patients with
MI. Furthermore, older patients with Ml are often excluded or
underrepresented in clinical trials. The high observed mortal-
ity underscores the need for older patients with Ml to be
represented in these trials, and also that trials involving this
high-risk group can be informative with relatively small sample
sizes. An example of a study focused on the older population is
the SENIOR-RITA (The British Heart Foundation older patients
with non-ST Segment elevation Myocardial Infarction Rando-
mised Interventional Treatment) trial, which randomizes
patients >75 years with type 1 NSTEMI to invasive versus
conservative treatment strategies.”’

Limitations

This study has several limitations. First, hospitals voluntarily
participated in the CRUSADE registry, which selected for
centers interested in quality improvement, and the generaliz-
ability of these findings may be limited to the studied hospitals.
Notably, the CRUSADE study included a variety of hospital
types: low and high bed volume, teaching and nonteaching, and
both urban and rural hospitals. Second, while hospitals were
instructed to retrospectively capture consecutive NSTEMI
patients, STEMI patients were only collected after October
2004 in a subset of hospitals that volunteered to participate in
the STEMI data collection initiative.”' Third, although a broad
range of patient-level clinical factors were used in adjustment,
the possibility of confounding by unmeasured covariates
remains. For example, we lack data on coronary lesion
complexity as well as patient and provider preferences that
play an important role in the management decisions regarding
revascularization versus medical management. Comparisons of
unadjusted, observed mortality between revascularized and
nonrevascularized patients were conducted to understand
prognosis, but causality should not be implied. We avoided
conducting head-to-head comparisons of revascularization
modalities (PClversus CABG) as such comparative effectiveness
analyses would be severely limited by confounding. Fourth,

cause of death was not ascertained. Fifth, our data do not permit
comparisons of treatment or outcomes between older and
younger (<65 years) patients. Finally, as the primary goal of our
study was to examine 8-year mortality, the index Ml in our study
preceded the introduction of more potent antiplatelet agents,
such as ticagrelor and prasugrel, or newer stent technologies
that may improve the prognosis of patients with MI."®

Conclusions

Patients with Ml enrolled in the CRUSADE registry aged 65
years and older (median age 77 years) have a 65% 8-year
mortality rate. Long-term mortality rates exceed 45% even
among patients who underwent coronary revascularization,
and patients who survived the first year after their index Ml
event. The 4.8-year median survival is substantially lower than
actuarial estimates for this age group. These findings better
inform clinicians and patients regarding the long-term prog-
nosis following a MI, and demonstrate an opportunity for
improving long-term outcomes in older patients with MI.
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Table S1. Sample size of post-MlI patients depicted in the black bars in Figure 3.

Age (Years) at time of Sample Size Median Survival Years
Index MI (25™, 75 Percentiles)
65-69 4,080 8.3 (4.4,9.0)

70-74 4,330 7.8 (2.6, 8.9)

75-79 4,730 5.3(1.5,8.5)

80-84 4,400 3.5(0.8,7.7)

85-89 3,050 2.0(0.3,5.2)

>90 1,705 1.0 (0.1, 3.0)




Table S2. Factors associated with 8-year mortality.

Variable HR 95% CI for HR 95% Cl for HR Chi-square*
(Lower) (Upper)
Age (per 5-year increase) 1.35 1.33 1.37 1746
Initial serum creatinine (per 1 mg/dL 1) 1.40 1.36 1.44 623
Prior heart failure 1.48 1.42 1.55 315
Signs of heart failure on presentation 1.46 1.40 1.53 249
Initial heart rate (per 10 beats/min 1) 1.08 1.07 1.10 241
Initial systolic BP (per 10 mm Hg ) 1.05 1.04 1.06 158
Diabetes mellitus 1.28 1.23 1.33 145

Initial hematocrit

Initial hematocrit (per 5% | for 1.09 1.05 1.14
hematocrit <35%)
142
Initial hematocrit (per 5% | for 1.11 1.08 1.14
hematocrit 235%)
Weight (per 5 kg /) 1.05 1.04 1.05 133
Current/recent smoker 1.32 1.26 1.40 106
Hyperlipidemia 0.83 0.80 0.86 100
Prior stroke 1.31 1.24 1.39 87
Male sex 1.18 1.14 1.23 72
Prior peripheral arterial disease 1.24 1.17 1.30 65
Prior CABG 1.19 1.14 1.24 64

Initial troponin ratio

Initial troponin ratio (per 1 xULN Mor 1.02 1.00 1.03
troponin ratio <5)

Initial troponin ratio (per 1 xULN Mor 1.00 1.00 1.00
troponin ratio >5-50)

Initial troponin ratio (per 1 xULN Mor 1.00 1.00 1.00

troponin ratio >50)

37




Variable HR 95% Cl for HR  |95% Cl for HR | Chi-square*
(Lower) (Upper)

Black vs. other 1.27 1.15 1.40

White vs. other 1.26 1.17 1.36 %
Prior Ml 1.12 1.07 1.16 29
Family hx of CAD 0.91 0.87 0.95 20
STEMI (vs. NSTEMI) 0.94 0.88 1.00 4
Hypertension 1.03 0.98 1.08 2
Prior PCI 0.98 0.94 1.03 1

* For multivariate analysis, variables are listed in the order of importance

Abbreviations: HR = Hazard Ratio; Cl = Confidence Interval; BP = blood pressure; CABG = coronary artery
bypass grafting; ULN = upper limit of normal; M| = myocardial infarction; CAD = coronary artery disease;
STEMI = ST-elevation myocardial infarction; NSTEMI = Non-ST elevation myocardial infarction; PCl =
Percutaneous coronary intervention



