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Troponin assays are integral to the diagnosis of acute myocar-
dial infarction (AMI), but there is concern that testing is over
utilized and may not conform to published guidelines. We re-
viewed all testing performed at 14 hospitals over 12 months
and associated troponin values with the primary and second-
ary diagnoses for each visit. Troponin was determined to be
negative, indeterminate or elevated based on reference rang-
es. The majority of troponin measurements were single, not
serial (64%). The rate of AMI was low, with only 3.5% of tested
patients having a primary or secondary diagnosis of AMI. Sen-

sitivity, specificity and negative predictive value were excellent,
exceeding 90%. However, positive predictive value was low,
suggesting testing of populations with diseases known to be
associated with elevated troponin levels in the absence of AMI.
The majority (79%) of elevated troponin values were associated
with primary diagnoses other than AMI. Only 28% of elevated
troponins were associated with a primary or secondary diag-
nosis of AMI. These data suggest possible overuse of troponin
testing in our healthcare system. Journal of Hospital Medicine
2017;12:329-331. © 2017 Society of Hospital Medicine

The ability of serum troponin measurement in the diagnosis of
acute myocardial infarction (AMI) was validated in patients
with at least a moderate pretest probability for the disease.! The
diagnostic yield of troponin testing in clinical trials has been
between 20% and 50%, excluded patients thought unlikely to
have AML. In practice, physicians often encounter low-risk pa-
tients and patients in whom the diagnosis on initial presentation
is unclear. Several noncardiac diagnoses, such as pneumonia and
respiratory failure, are associated with an elevated troponin level
in the absence of AMI, but patients can present with symptoms
similar or identical to those of patients who present with AMI.>#
Elevated troponin level in sepsis has been associated with wors-
ened prognosis, though there is no evidence that this finding
alters management. An American College of Cardiology Foun-
dation opinion published in 2012 expressly recommends against
troponin testing in patients with sepsis.*

The only guideline-based indication for troponin testing
is the diagnosis or exclusion of AMI.> We conducted a com-
prehensive review of troponin testing in our healthcare sys-
tem to see whether testing might be used in clinical settings

in which AMI was unlikely.

METHODS
We retrospectively obtained data on all visits to 14 hospitals
in an integrated healthcare system in Texas between June
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2013 and June 2014. We analyzed data for all hospital en-
counters during which a troponin assay was ordered and a
troponin level reported—including qualitative point-of-care
assays and quantitative laboratory troponin I measurements.
We identified 93,436 visits. Quantitative measurements
were divided into negative (<0.05 ng/mL), indeterminate
(0.05-0.09 ng/mL), and elevated (>0.09 ng/mL), based on
the reference ranges reported to physicians. We associated
troponin levels with ICD-9 (International Classification of
Diseases, Ninth Revision) primary and secondary diagnoses,
grouping ICD-9 codes 410 (AMI), 411 (other acute or sub-
acute forms of ischemic heart disease [IHD]), 412 (old myo-
cardial infarction), 413 (angina pectoris), and 414 (other
forms of chronic IHD) as representing IHD diagnoses.

To further evaluate troponin testing, we constructed 2
contingency matrices (Table).® We included visits for which
both primary and secondary diagnoses were available for re-
view and for which quantitative troponin I measurements
were available; 92,445 encounters met criteria for inclusion
in matrix calculations. In the first matrix (part A of Table),
a primary diagnosis of any AMI (ICD-9 code 410) was used
as “positive” and all others “negative.” In the second matrix
(part B of Table), “positive” includes any primary or second-

ary diagnosis of AMI.

RESULTS

We identified a total of 93,436 hospital visits associated with
troponin testing; 179,239 troponin measurements were as-
sociated with these visits (an average of 1.81 per encoun-
ter). Of these visits, 59,897 (64.1%) were associated with a
single measurement. Of the 179,239 measurements, 147,051
(82.1%) were negative, 21,881 (12.1%) indeterminate, and
10,307 (5.8%) positive. Primary diagnoses of hypertension,
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TABLE. Contingency Matrices Evaluating Elevated Troponin Levels and AMI Diagnoses?

A. Primary Diagnosis of AMI AMI No AMI Total
Troponin level, >0.1 ng/mL 2238 8069 10,307
Troponin level, <0.1 ng/mL 167 81,971 82,138
Total 2405 90,040 92,445

B. Primary or Secondary Diagnosis of AMI AMI No AMI Total
Troponin level, >0.1 ng/mL 2969 7338 10,307
Troponin level, <0.1 ng/mL 294 81,844 82,138
Total 3263 89,182 92,445

C. Primary vs Any Diagnosis of AMI Primary 95% Cl Any 95% Cl
Prevalence 0.026 0.025-0.027 0.035 0.034-0.037
Sensitivity 0.931 0.920-0.940 0910 0.900-0.920
Specificity 0.910 0.909-0.912 0918 0.916-0.920
Positive predictive value 0.217 0.209-0.225 0.288 0.279-0.297
Negative predictive value 0.998 0.998-0.998 0.996 0.996-0.997

“Elevated troponin levels (=0.1 ng/mL) were associated with either (A) primary diagnoses of AMI or (B) all primary or secondary diagnoses of AMI. (C) Disease prevalence, sensitivity, specificity, and positive and negative predictive values

were calculated for each condition; Cls were calculated using the log method."
NOTE: Abbreviations: AMI, acute myocardial infarction; CI, confidence interval

dizziness, abdominal pain, anxiety, dehydration, and head-
ache associated with troponin testing comprised 6127 en-
counters and had no associated elevated troponin levels.
Several non-cardiac primary diagnoses were associated with
significant numbers of elevated troponin values includ-
ing septicemia (27%), acute respiratory failure (28%), and
cerebrovascular accident (10%). Seventy-six percent of en-
counters associated with troponin testing had no primary or
secondary IHD diagnosis. Only 2% of 16,941 visits with a
primary diagnosis of chest pain were associated with abnor-
mal troponin levels (Figure).

Analysis of contingency matrices revealed AMI preva-
lence of 2.6% when primary AMI diagnoses were considered

and 3.5% when any AMI diagnoses were considered. Sensi-
tivity and specificity were high (>90%), and negative pre-
dictive value extremely high (>99%) in each circumstance.
However, positive predictive values were low (21.7% and
28.8%, respectively), indicating the majority of patients
with elevated troponin levels were not reported to have
AMI by attending physicians.

DISCUSSION

We were surprised to find that troponin level was measured
only once during 64% of the hospital encounters. Although
there are clinical scenarios in which a single measurement
might be indicated, detecting a rise or fall in troponin lev-
el is integral to the diagnosis of AMI, which is
why guidelines recommend serial measurement.*
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We were also surprised to find a low rate of either
primary or secondary AMI in patients tested. As
others have found,?? elevated troponin levels were
associated with noncardiac primary diagnoses,
such as sepsis, respiratory failure, and stroke. Of
interest, the majority (72%) of patients with ele-
vated troponin levels did not receive a primary or
secondary diagnosis of AMI.

Determining the appropriate level of use for a
diagnostic laboratory test can be difficult. Prima-
ry diagnostic codes, including codes for headache
and dizziness, accounted for thousands of tested
patients but were associated with no elevated tro-

FIG. Notable non-AMI primary diagnoses associated with elevated troponin | values. A selec-
tion of primary diagnoses other than AMI is presented with the corresponding percentage of
elevated (>0.1 ng/ml) troponin | measurements (0.00-1.00). For comparison, the percentage of
elevated troponin | measurements associated with a primary diagnosis of AMI was 0.93.

NOTE: Abbreviation: AMI, acute myocardial infarction.

ponin levels. On the other hand, sepsis, pneumo-
nia, and stroke were associated with high rates of
elevated troponin levels. Elevated troponin levels
likely precipitate cardiology consultation and test-
ing, which increase cost of care perhaps without
improving either quality or value of care. Howev-

330 An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 12 | No 5 | May 2017



er, evidence for the potential prognostic value of testing has
led to ongoing research at our institution to evaluate wheth-
er troponin measurement might guide better management of
such patients.

Appropriate use criteria have been developed for many diag-
nostic studies, including echocardiography, stress testing, and
cardiac catheterization, but not for laboratory testing. Our data
suggest possible overuse of troponin testing in our healthcare
system. The low AMI incidence we found (2.6%-3.5%) indi-
cates that many patients without AMI are being tested.

Although it is impossible to accurately estimate sensitivity
and specificity of testing post hoc, it is reassuring to see that
measured sensitivity, specificity, and negative predictive val-
ues were all high and consistent with published values from
prospective clinical trials.”®

As potential roles for troponin testing develop for patients
without primary cardiac disease, it becomes even more im-
portant to develop guidelines for testing and to avoid uni-
versal testing of all hospitalized patients. The high negative
predictive value of troponin testing (99%) is attractive to
physicians who want to avoid missing AMI. Electronic order
sets allow troponin testing to be included alongside “stan-
dard” testing, such as complete blood cell counts and com-
prehensive metabolic panels, and may contribute to overuse.

The troponin assays used in our healthcare system in 2014
likely will be replaced with high-sensitivity assays currently
being used in Europe.”'® These high-sensitivity assays can
improve sensitivity but cannot be expected to increase pos-
itive predictive value or reduce false detection rates. When
performed as single measurements, hs troponin has the po-
tential to increase the number of elevated troponins detect-
ed that are not associated with AML.

On the basis of our data, we have initiated a system-wide
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program to improve performance of troponin testing in our
healthcare system. We are working with hospitalists and
critical care and emergency department physicians to ensure
that serial measurements are being performed and that the
correct patients are being tested. Future data collection will
help determine the success or failure of these efforts.

Disclosure: Nothing to report.
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