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Abstract

Background—~Cardiac troponin levels help risk-stratify patients presenting with an acute
coronary syndrome (ACS). Although they may be elevated in patients presenting with Non-ACS
conditions, specific diagnoses and long-term outcomes within that cohort are unclear.

Methods and Results—Using the Veterans Affairs (VA) centralized databases, we identified
all hospitalized patients in 2006 who had a troponin assay obtained during their initial reference
hospitalization. Based on 1CD-9 diagnostic codes, primary diagnoses were categorized as either
ACS or Non-ACS conditions. Of a total of 21,668 patients with an elevated troponin level who
were discharged from the hospital, 12,400 (57.2%) had a Non-ACS condition. Among that cohort,
the most common diagnostic category involved the cardiovascular system and congestive heart
failure (N=1661) and chronic coronary artery disease (N=1648) accounted for the major
classifications. At one-year following hospital discharge, mortality in patients with a Non-ACS
condition was 22.8% and was higher than the ACS cohort (Odds Ratio=1.39; 95%CI: 1.30-1.49).
Despite the high prevalence of cardiovascular diseases in patients with a Non-ACS diagnosis,
utilization of cardiac imaging within 90 days of hospitalization was low compared with ACS
patients (Odds Ratio=0.25; 95%CI: 0.23-0.27).
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Conclusions—Hospitalized patients with an elevated troponin level most often have a primary
diagnosis that is not an acute coronary syndrome. Their long-term survival is poor and justifies
novel diagnostic or therapeutic strategy-based studies to target the highest risk subsets prior to
hospital discharge.
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outcomes; troponins; non-ACS diagnosis; cardiac imaging; coronary artery disease

Cardiac troponins have gained widespread acceptance as an optimal specific cardiac
biomarker for timely risk-stratification of patients presenting to the hospital with an acute
coronary syndrome (ACS). Among patients with an ACS and an elevated troponin level that
exceeds the upper reference limit (URL), an early invasive strategy reduces the long-term
risk of death and non-fatal myocardial infarction at one year (1-3). In many conditions that
are not diagnosed as an acute coronary syndrome, troponin levels can be elevated above the
upper reference limit (4) and may have value as a biomarker for predicting future outcomes
in selected conditions (5-11). In the absence of guidelines for specific therapies in this
heterogeneous cohort, there is confusion about the need for additional diagnostic or
therapeutic interventions (12-14). To address this diagnostic dilemma, a Consensus
Statement on the Redefinition of Myocardial Infarction (MI) has categorized patients with
an elevated troponin into acute coronary syndrome (Type 1 MI) which is distinctly different
from those conditions which are associated with heterogeneous clinical presentations and are
not a primary acute coronary syndrome (Non-ACS conditions) (15). The prevalence of Non-
ACS conditions with elevated troponin levels relative to an ACS remains unclear, in part,
because of limited observational studies within a large healthcare system. Accordingly, by
using the Department of Veterans Affairs (VA) centralized database for all hospitalized
patients in 2006, we identified the population of hospitalized VA patients with a troponin
assay, categorized their primary diagnoses as either an acute coronary syndrome or Non-
ACS condition and determined their long-term outcomes.

METHODS

Using VA centralized utilization databases, encompassing patient treatment file, lab results
and the Beneficiary Information and Records Locator Subsystem (BIRLS) files, we
identified records for all patients who received a troponin assay test during an inpatient stay
in FY2006. Because individual patients might have more than one inpatient hospital stay in
one year, and because we were interested in determining the outcomes for patients following
their first elevated troponin result, we identified the first or reference hospitalization for each
patient. These inpatient stays were categorized as acute coronary syndrome (ACS) if any
one of the following diagnoses were included in the data of that first hospitalization (ICD-9
codes: 410.x, 411.x, 413.x, 420.%, 425.1, 415.1). Reliability of these codes from patient
records has been previously documented (16). All inpatient stays that did not include any of
these diagnoses associated with an acute coronary syndrome were categorized as Non-ACS
conditions. On the assumption that some patients were so sick that they might not have been
deemed eligible for cardiac imaging, we excluded data for those patients who either died
during the first hospitalization or who had a low expectation of survival based on either a
discharge to hospice or a skilled or community nursing facility, or an initial inpatient
hospital stay of more than 30 days. We then identified the highest troponin result in the
reference hospital stay for each patient that received the lab test. We were unable to
determine the timing of the lab test relative to the time of the admission. In order to classify
whether the highest troponin assay results exceeded the 99t percentile upper reference limit
(URL), it was necessary to identify the hospital-specific reference limits for each assay
method used in FY2006. Because the reference limits are instrument—specific (troponin T or
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troponin 1) and the technology changes rapidly, it was also necessary to use fiscal quarter-
specific reference limits to define the results as exceeding the 99 percentile of the upper
reference limit. Using criteria defined for VA quality improvement initiatives, we
characterized each troponin lab result that exceeded the 99t percentile of the upper
reference limit for each reference hospitalization, medical center and each quarter of the
fiscal year. In the next step, we gathered the utilization data for each patient for one year
following the reference hospitalization. We then identified whether the patients received any
cardiac imaging test (coronary angiography or stress nuclear imaging) during the reference
hospitalization or within 90 days of the first hospitalization. We also determined whether
patients were re-hospitalized or died during the one year following initial hospitalization.
We calculated rates and odds ratios (OR) and 95% confidence intervals (CI) comparing
results for patients with a Non-ACS diagnosis relative to the ACS cohort stratified to their
in-hospital troponin levels.

In 2006, 523,314 unique patients were admitted to VA Medical Centers and 127,929
(24.4%) had a troponin measurement reported during their reference hospitalization period.
Because the focus of our analysis was on long-term outcomes, data from 27,486 patients
were excluded from additional analysis because of a low expectation of survival, based on
either a subsequent transfer to hospice or extended care facility or a hospital stay of greater
than 30 days. Of the remaining 100,433 patients with a troponin assay obtained during
hospitalization, 4,633 patients died within the hospital (Figure 1). Among the cohort with an
elevated troponin level, in-hospital mortality was higher in patients with a Non-ACS
diagnosis than in those individuals with an ACS (OR=1.373: 95% CI 1.257-1.501).
Mortality rates during hospitalization and at one-year mortality following hospital discharge
were determined in all hospitalized patients with a troponin assay and as expected, were
higher in the cohorts with a positive troponin level (Figure 2).

Among all 13,923 hospitalized patients with an elevated troponin level and a Non-ACS
condition, ICD-9 coded diagnoses were further grouped according to the specific disease
processes and the cardiovascular system accounted for more than 40% of the primary
diagnostic categories (Figure 3). In that cohort, 12,400 patients were discharged from the
hospital and the most common diagnostic descriptors within the cardiovascular system was
congestive heart failure and chronic coronary atherosclerosis and was the principal diagnosis
in 3,309 (26.7%) patients (Table 1).

Among the 12,400 discharged patients with an elevated troponin, the mortality rate at 1-year
following hospital discharge was 22.8% for patients with a Non-ACS condition and 17.5%
for patients with an ACS diagnosis (OR=1.389: 95% CI 1.298-1.487). Utilization of cardiac
imaging was lower in those patients with a Non-ACS condition, both during the hospital
period (OR=0.248: 95% CI 0.232-0.266) as well as within the 90 days following hospital
discharge (OR=0.564: 95%CI 0.505-0.629) (Table 2). When considering the influence of
cardiac imaging on survival in the patients with an elevated troponin and Non-ACS
condition, the risk of death was nearly 2.5-fold higher when no cardiac imaging test was
performed during the hospitalization (OR 2.497: 95% CI 2.134-2.921) and remained higher
when no cardiac imaging test was performed within 90 days of discharge (OR 2.068: 95%
Cl 1.675-2.554). The average time from hospitalization to death for the cohort with an
elevated troponin and Non-ACS condition was 55.6 days when no cardiac imaging was
obtained, 140.2 days with cardiac imaging during hospitalization, and 162.7 days with
cardiac imaging within 90 days of discharge from the reference hospitalization.
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DISCUSSION

The principal finding of this study is that troponin measurements are frequently obtained in
hospitalized patients within VA Medical Centers and if abnormally elevated, are common
among patients presenting with a condition other than an acute coronary syndrome (ACS).
In those patients with an elevated troponin level, a Non-ACS diagnosis is associated with an
increased risk of long-term mortality when compared with patients presenting with an ACS.
Among the troponin positive cohort with a Non-ACS condition, the most frequent ICD
diagnostic code involved the Cardiovascular System and within that group, congestive heart
failure and chronic coronary artery disease accounted for the most common clinical
diagnoses. Despite the high prevalence of advanced chronic cardiac diseases, the utilization
rate of cardiac imaging for the presence of myocardial ischemia was low within the first 3
months following admission when compared with those patients who were diagnosed with
an ACS.

To address the potential diagnostic dilemma about the interpretation of elevated troponin
levels, a Consensus Statement on the Redefinition of Ml has categorized patients with an
elevated troponin level into acute coronary syndrome (Type 1 MI) which differs from those
conditions which are associated with heterogeneous clinical presentations that are not related
to an acute coronary syndrome (Non-ACS conditions) (15). Although the pathophysiology
of a Type 2 MI remains speculative, this is assumed to be a secondary myocardial ischemic
event that is a result of an unstable systemic hemodynamic condition. A Type 4 Ml is
observed during coronary artery revascularization procedures with either PCI or CABG and
they have been censored from this analysis. In the absence of a rise and fall of the troponin
level in a patient without a clinical correlate of myocardial ischemia, elevated troponin
levels can be nonspecific, particularly with chronic conditions involving congestive heart
failure and renal failure.

The reason for the low utilization rate of additional cardiac testing in this cohort is unclear
but is likely multi-factorial. It is conceivable that clinicians have the perception that
myocardial ischemia is not a major contributor to poor outcomes in patients with Non-ACS
conditions and consequently, do not plan for additional testing following hospital discharge.
In support of this contention, a report of septic ICU patients with labile hemodynamic
conditions showed that a substantial number of patients had elevated troponin concentrations
and in the absence of an ACS diagnosis, were subsequently found to have a low probability
of significant obstructive coronary artery disease by non-invasive stress imaging (17). More
recently however, longitudinal studies involving patients who initially present to the
emergency department with an elevated troponin level and a non-cardiac condition as the
primary problem had a high prevalence of clinical correlates of myocardial ischemia during
hospitalization (18, 19). In addition, consecutive patients who had been admitted to an ICU
with an elevated cardiac troponin level and a Non-ACS diagnosis were analyzed subsequent
to their hospitalization and mortality was high, with a significant percentage of the
individuals demonstrating advanced multi-vessel coronary artery disease (20). These data
are more consistent with our cohort of aging veterans, based on the observation that the
primary 1CD-9 codes in the patients with a Non-ACS diagnosis most commonly involved
the Cardiovascular System, with congestive heart failure and chronic coronary artery disease
accounting for the primary specific diagnoses. In fact, it is conceivable that clinicians who
evaluated these patients after admission did not believe that additional cardiac imaging
would be needed, in therapeutic clinical decision-making processes. It is interesting
however, that additional cardiac stress imaging within 90 days of hospitalization was
associated with improved outcomes, in those patients with a Non-ACS condition.
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Clinicians are well aware of the utility of troponin measurements for risk-stratification of
patients presenting with an ACS, and if elevated, identifies a subset of individuals who
benefit from early aggressive interventions during hospitalization (1-3). Among patients
who have been admitted with Non-ACS conditions, the utility of troponin levels as a
biomarker is beneficial in selected subsets (4, 11) but the value for additional therapies
beyond traditional risk factor modification is unknown. It is a reasonable assumption that
earlier cardiac imaging for the presence of coronary artery disease would improve outcomes
in a cohort of patients with Non-ACS diagnoses and an elevated cardiac biomarker, though
this has not been studied prospectively. The redefinition of myocardial infarction into
various types has been an important step in alerting the clinicians to underlying mechanisms
of supply-demand ischemia in subsets of patients (15). Despite the causes of the elevated
troponin levels however, the poor outcomes among all cohorts need to be recognized, to
advance timely therapies. Patients with a low level of troponin release in the blood has been
observed in a population with stable coronary artery disease, implying that a significant
degree of ischemia may be a causative factor (21). Therefore, an earlier diagnosis of occult
coronary artery disease with a more timely consideration of interventions that are known to
improve outcomes might be a reasonable strategy. Therapies including high dose statins and
strong anti-platelet agents such as ADP inhibitors are now considered important adjunctive
therapies, based on proven efficacy in ACS patients, even independent of revascularization
procedures (22, 23). Whether these pharmacological interventions should be advanced to
patients without an ACS presentation remain speculative and will require additional
randomized controlled strategy-based studies in targeted patients. With the advent of newer
high sensitivity troponin assays, serial measurements may be a better way of risk-stratifying
patients, particularly those individuals with chronic heart failure as the cause (24).

The unique feature of this study is that it summarizes data extracted from a large health care
system across the country, involving more than 523,000 hospitalized patients and cross-
references discharge diagnoses with results of cardiac biomarkers, outcomes at one year, and
utilization rates of cardiac imaging within 3 months of discharge. A limitation of our study
is that outcomes were not determined in the patients who did not have troponins drawn
during the hospitalization and therefore, we cannot generalize our results to all hospitalized
patients. Bias can be created among patients admitted through the emergency department
and we can only speculate that those with biomarkers drawn were the highest risk. We
assume that the cardiac biomarker was obtained at the time of admission, but the total
number of troponins and the time they were drawn in each patient relative to admission and
discharge dates is unavailable. We also cannot evaluate therapies that were instituted as a
result of the elevated troponin level, nor can we fully understand the clinical rationale for
not getting cardiac imaging during follow-up visits. We assume that this group may have
had the highest cardiac risks but those data are not available. An additional point worth
mentioning is the variability in troponin assays at some medical centers during this time
period. Although the manufacturer’s guidelines used a threshold for the upper reference
limit (URL), the high coefficient of variation with some assays may have lead to
insensitivities of some measurements. In time, higher sensitivity troponin assays may allow
for a more standardized analysis in such cohorts.

In conclusion, troponin assays are frequently obtained in hospitalized patients and if
elevated, are commonly observed in patients with a diagnosis other than acute coronary
syndrome (ACS). These patients have a poor outcome following hospital discharge, in part,
because of no proven therapies and a lack of strategy-based studies that can target high-risk
subsets prior to hospital discharge.
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Figure 1.

The study cohort was obtained from all admissions to VA Medical Centers in 2006 who had
a troponin assay obtained during the reference hospitalization. Those patients with a low
expectation of long-term survival, based on either a prolonged hospitalization or transfer to
hospice care, were censored from additional analyses. A comparative analysis of the long-
term outcomes were determined according to the diagnosis of either an acute coronary
syndrome (ACS) or Non-ACS condition in those patients with an elevated troponin level
who were discharged from the hospital.
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Figure 2.

The in-hospital and 1-year post-hospital discharge mortality rates were determined for the
100,433 hospitalized patients who had a troponin level drawn during hospitalization in 2006.
Outcomes are displayed according to the ICD-9 diagnosis of an acute coronary syndrome
(ACS) or Non-ACS condition and whether the troponin (cTn) level was negative or positive,
based on the upper reference limit of the specific assay.
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Figure 3.

The primary diagnoses based on the ICD-9 codes are shown for all 13,923 hospitalized
patients with an elevated troponin level and a Non-ACS condition. The most common
discharge diagnosis involved the cardiovascular system.
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The frequency of primary diagnoses for the 12,400 patients who were discharged from the hospital with a
Non-ACS condition and an elevated troponin level is shown.

Number (%)

Diagnostic Description 1CD-9 Code
Congestive Heart Failure (unspecified) 428.0
Coronary atherosclerosis (native coronary artery) 414.01
Chest pain (other) 786.59
Pneumonia 486
Atrial fibrillation 427.31
COPD with acute exacerbation 491.21
Acute renal failure unspecified 584.9
Urinary tract infection, site not specified 599.0
Syncope and/or collapse 780.2

1661 (13.4%)
1648 (13.3%)
868 (7.0%)
526 (4.2%)
461 (3.7%)
399 (3.2%)
274 (2.2%)
221 (1.8%)
215 (1.7%)
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Table 2

Long-term outcomes and utilization rates of cardiac imaging tests are shown for patients with an elevated
troponin level according to their discharge diagnosis of ACS versus Non-ACS.

Group 1-Year Mortality Cardiac Imaging Test®
ACS Cohort (N=9,268) 1,625 (17.5%) 4,172 (45.0%)
Non-ACS Cohort (N=12,400) 2,827 (22.8%) 2,371 (19.1%)

Odds Ratio (95%Confidence Intervals)  1.389 (1.298-1.487) 0.564 (0.505-0.629)

*
Coronary angiography or nuclear stress imaging tests performed either during hospitalization or within 90 days following hospital discharge.
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