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Background: Troponin elevation can be caused by etiologies other than acute coronary syndromes (ACS). Our hypoth-
esis was that elevated troponins occur more frequently in non-ACS cases but that ACS cases (type 1 ST-elevation myo-
cardial infarction [STEMI] and type 1 non-STEMI [NSTEMI]) have significantly higher troponin elevations.
Methods: This was a cross-sectional cohort analysis of a random subset of all patients with elevated troponins (defined
as>0.06 ng/mL) over a 1-year period from July 2013 to June 2014. The first positive troponin I and the peak were used
in this study. All included patients had medical record reviews looking for whether our cardiologists or hospitalists
attributed the elevated troponin to an ACS (NSTEMI or STEMI) or non-ACS cause. Non-ACS causes were categorized
as infection, cancer, renal diseases, cardiovascular disease, pulmonary disease, trauma, cardiac arrest, neurologic dis-
ease, hypertension, or other. Data were extracted by 2 investigators on the cause of the elevated troponin. Three ses-
sions to educate data extractors were arranged and methods of data extraction discussed, then a 5% sample was
reevaluated by the other extractor to determine interrater agreement measures. Parametric data were evaluated
with t test and analysis of variance. Dichotomous variables were compared using y test. Troponin data were evalu-
ated using nonparametric Kruskal-Wallis or Mann-Whitney U. A logistic regression model was created with variables
selected a priori to evaluate the predictive ability of these variables in differentiating ACS vs non-ACS causes of
elevated troponin.
Results: We evaluated 458 randomly selected patients from 1317 unique cases of all patients with initial elevated
troponins at least 0.06 mg/mL during the study period. There was 84% interrater agreement in the 5% sampling.
Seventy-nine percent had a non-ACS cause of elevated troponin, and the average initial positive troponin I level
was significantly lower in the non-ACS cases (0.14; 95% confidence interval [CI], 0.08-0.37) than those with docu-
mented STEMI (10.2; 95% CI, 0.75-20.1) or NSTEMISs (0.4; 95% CI, 0.13-1.7). In the non-ACS group, the median ini-
tial troponin was 0.14 ng/mL (0.08-0.37 ng/mL). Peak troponin levels were highest in STEMI, next NSTEMI, and
lowest in non ACS causes. The most frequent subgroups in the non-ACS group were non-ACS cardiovascular, infec-
tious, renal, or hypertensive causes. In a linear regression model adjusting for age and sex, higher troponin levels
had higher odds of being related to ACS causes (adjusted odds ratio, 1.4; 95% CI, 1.2-1.6) than non-ACS causes.
Conclusion: The etiology for most initial elevated troponin I levels in a randomly selected population is the result of
non-ACS causes. As initial 4+ troponin levels increased, they were more likely associated with ACS causes than with
non-ACS causes. Average initial + and peak troponin values were highest in STEMIs, next highest in NSTEMIs, and
lowest overall in non-ACS causes.

© 2015 Published by Elsevier Inc.

1. Introduction

The most recent definition of MI was updated in 2012 and catego-
rizes Mls into 5 different types. The first 2 types are most relevant to

Myocardial infarction (MI) is an important entity to diagnose in the
emergency department (ED). Troponin tests have classically been used
to diagnose MI, and current assays are more sensitive such that troponin
may be elevated from several etiologies including those that are primar-
ily noncardiac [1,2].
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this article and will be briefly defined here. Type 1 Ml is defined as a
spontaneous MI related to atherosclerotic plaque rupture, ulcerations,
fissuring, erosion, or dissection. It includes type 1 ST-elevation myocar-
dial infarction (STEMI) and type 1 non-STEMI (NSTEMI). Type 2 Ml is de-
fined as secondary to an ischemic imbalance and involves a condition
other than coronary artery disease such as spasm, hypotension, tachyar-
rhythmias, and several other causes [3] including atrial fibrillation [4].
Although elevated troponin levels are highly sensitive diagnostic in-
dicators of myocardial injury, there are other causes of elevated levels.
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Previous studies have evaluated the etiologies of elevated troponins
with normal cardiac catheterizations and found tachycardia, myocardi-
tis, and congestive heart failure to be the most frequent causes. These
studies identified the patient population through searching in the cath-
eterization database for patients with normal angiograms and positive
troponins [1,2]. Previous studies have found that some patients with el-
evated troponins did not have an acute coronary syndrome (ACS) cause.
A previous study by Khan et al [5] showed that of 102 patients with el-
evated troponin I values, 35 patients did not have a final diagnosis of
ACS. A previous study by Ilva et al [6] noted that only 83% of patients di-
agnosed as ACS by ED physicians actually had a diagnosis of ACS at dis-
charge. Another study looked at all elevated troponins in their hospital
system and found only 53% to have a diagnosis of ACS [7].

Our present study looked to evaluate the significance of an elevated
initial and peak troponin I level at least 0.06 ng/mL in the undifferenti-
ated hospital population, looking for the differences in rates of type 1
STEM], type 1 NSTEM], vs type 2 MIs present among this population.

Our hypothesis was that elevated troponins occur more frequently in
non-ACS cases but that ACS cases (type 1 STEMI and NSTEMI) have sig-
nificantly higher troponin elevations. In addition, we sought to describe
the group of undefined non-ACS causes of elevated troponins. We also
looked at troponin peaks and compared the groups for these values.

2. Methods

This was a cross-sectional cohort analysis of a random subset of all
patients with elevated troponins (defined as >0.06 ng/mL) over a
1-year period from July 2013 to June 2014 in those 18 years or older.
The original set had 1317 unique patients with an elevated troponin I.
Medical record reviews were done on a randomized subset of those
with elevated troponin I (n = 458/1317; 35%) looking for whether the
cardiologists or admitting hospitalist at our institution attributed the el-
evated troponin to an ACS (type 1 STEMI or NSTEMI) vs a non-ACS cause.

In our institution, the troponin I is measured on serum specimens.
The cutoff for a positive is 0.06 mg/mL. The first positive >0.06-mg/mL
level drawn and the peak were used for our study purpose; therefore,
our levels are not necessarily the first troponin if it were negative. Inclu-
sion criteria were patients 18 years or older with elevated troponins
during the period July 2013 to July 2014 (13-month period). Non-ACS
causes were categorized as infection, cancer-related, renal diseases, car-
diovascular disease (including heart failure), pulmonary disease, trau-
ma, cardiac arrest, neurologic disease, or hypertension/hypertensive
emergency. The etiology was determined by reviewing the discharge
summary and seeking the admitting team's final diagnosis. The initial
positive and peak troponin level were compared in STEMI vs NSTEMI
vs non-ACS causes as well.

Data were extracted by 2 investigators on the cause of the elevated
troponin I. Three sessions to educate data extractors were arranged
and methods of data extraction discussed, then a 5% sample was
reevaluated by the other extractor as an agreement measure. Agree-
ment was determined on this 5% sample.

Demographic data were obtained including age and sex, and com-
parisons were made between types of ACS (STEMI, NSTEMI) or non-
ACS causes of elevated troponins.

Data collected included whether the initial troponin I elevation was
due to NSTEMI, STEMI, or a non-ACS cause and, if a non-ACS cause, the
specific reason for the elevated troponin. In addition age, sex, initial tro-
ponin [ level, and peak levels were collected and comparisons were
made for NSTEMI and STEMI vs non-ACS causes. Peak troponins were
compared as well.

Institutional review approval was obtained for the study as exempt.

3. Statistical analysis

Dichotomous variables were compared with x? tests. Parametric
data were compared using t test and analysis of variance. Nonparametric

data were compared using Mann-Whitney U (2 groups) and Kruskal-
Wallis (>2 groups) tests. A logistic linear regression model was created
on variables selected a priori to evaluate the predictive ability of these
variables to differentiate ACS vs non-ACS causes of elevated troponin.
Variables included were age, sex, troponin I level, and ACS/non-ACS
cause. Hosmer-Lemeshow statistic was used to determine the fit of
the model.

Assuming mean percentile ranks of the medians had an SD of 20 and
a difference between values of 20, our study was powered at 80% with
26 patients per group. To ensure study group compliance, we made
sure that the smallest group met this requirement.

4. Results

There were 1317 unique cases of patients 18 years or older with el-
evated troponin I at least 0.06 ng/mL over the 1-year study period, July
2013 to June 2014. Of the 1317, 458 were randomly selected to be eval-
uated for cause of elevated troponin. Interrater measures showed 84%
agreement in the 5% sampling.

Mean age for STEMI was 55 4+ 12 years; NSTEMI, 60 + 13 years; and
non-ACS, 61 4 16 years. A total of 68% of STEMI and NSTEMIs were in
men and 58% of non-ACS causes were in men. There were more men
in the ACS group vs non-ACS group. Table 1 shows demographics for
our data. At final diagnosis, 362 (79%) were determined to be from a
non-ACS cause. The median initial troponin I levels were significantly
higher in those with STEMI (median, 10.2) vs NSTEMI (median, 0.4) vs
non-ACS causes (median, 0.14). The mean rank differences of the me-
dians between groups for initial troponins indicated that there were sig-
nificant differences between STEMIs and NSTEMIs (mean rank
difference, 20; 95% confidence interval [CI], 9-32), between STEMIs
and non-ACS cases (mean rank difference, 40; 95% CI, 30-50) and be-
tween NSTEMIs and non-ACS cases (mean rank difference, 20; 95% (I,
13-27). The peaks were significantly different from each other as well
with highest peaks in STEMI, next in NSTEMI, and lowest in non ACS
causes (see Table 1). The first + troponin was the peak level in 196
(43%) of 459 overall in 9 (32%) of 28 STEMISs, in 26 (38%) of 68 NSTEMISs,
and in 161 (44%) of 362 non-ACS category.

In the non-ACS group, the largest cause-subgroups were non-ACS
cardiovascular, infection, renal, or hypertensive causes. The subgroup
of non-ACS cardiovascular causes was significantly older, and the sub-
group with cardiac arrest was significantly younger than the other
groups. Of note, the subgroups of cardiac arrest and hypertension relat-
ed had higher median initial positive troponin levels. These data are
shown in Table 2.

In a multivariable logistic regression model shown in Table 3, age,
sex, and initial + troponin I level were all entered as predictors and
the outcome was ACS vs non-ACS. Neither age nor sex was significantly
predictive of type of troponin elevation in this model. However, a
change of one in initial troponin I level was associated with an increased
adjusted odds ratio (aOR) of having an ACS cause of the initial elevated
troponin I (aOR, 1.4; 95% (I, 1.2-1.6). Hosmer-Lemeshow statistic sug-
gested a good fit of the data (P = .35).

5. Discussion

In the present study, we randomly selected 458 patients with elevat-
ed troponin I to determine ACS vs non-ACS causes based on final diag-
noses. We compared all first elevated troponin I in our study. We
found that initial elevated troponin levels were highest in those with
STEMI, next highest in NSTEMI patients, and lowest in those with non-
ACS causes. Troponin levels for STEMI and NSTEMI were significantly
different both from non-ACS causes and from each other. The peaks
were significantly different in the groups as well with highest in the
STEMI group.

In the non-ACS group of elevated initial troponins, cardiac arrest and
hypertension/hypertensive emergency patients had significantly higher
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