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Background-—Troponin release in ST-segment–elevation myocardial infarction (STEMI) has predictable kinetics with early levels
reflective of ischemia duration. Little research has examined the value of admission troponin levels in STEMI patients undergoing
primary percutaneous coronary intervention. We investigated the relationship between troponin on presentation and mortality in a
large, real-world cohort of STEMI patients undergoing primary percutaneous coronary intervention.

Methods and Results-—We used multivariable adaptive regression modeling to examine the association between admission
troponin levels and in-hospital mortality for patients who underwent primary percutaneous coronary intervention for STEMI. We
adjusted for known clinical risk factors using a validated mortality risk model derived from the NCDR (National Cardiovascular Data
Registry) CathPCI database, and this same model was used to calculate patients’ predicted mortality based on clinical and
demographic factors. Patients were then stratified by troponin groups to compare predicted versus observed mortality. Of the
14 061 patients included in the cohort, 47.2% had initial troponin levels that were undetectable or within the reference range.
Admission troponin was an independent predictor of in-hospital mortality, and any value above the reference range was associated
with increased mortality (1.8% versus 5.1%, [standardized difference, 18.2%]). Patients with the highest predicted risk for mortality
(13% predicted) in the highest admission troponin grouping experienced an observed mortality of 19.5%. Patients in low troponin
groupings consistently demonstrated lower than predicted mortality based on their clinical and demographic risk profile.

Conclusions-—Nearly half of patients undergoing primary percutaneous coronary intervention had normal troponin on presentation
and had a relatively good outcome. Mortality increases with elevated admission troponin levels, regardless of baseline clinical risk.
The substantial number of patients who present with markedly elevated troponin and their relatively worse outcomes highlights the
need for continued improvement in prehospital STEMI detection and care. ( J Am Heart Assoc. 2019;8:e013551. DOI: 10.1161/
JAHA.119.013551.)
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C ardiac troponin levels are routinely measured in the
setting of known or suspected myocardial infarction.

Though not part of formal diagnostic criteria, baseline
troponin levels are frequently collected in the emergency
department evaluation of patients with ST-segment–elevation
myocardial infarction (STEMI). Troponin release has pre-
dictable kinetics in the setting of acute infarction, and peak

levels correlate with both ischemic time and quantity of
myocardium at risk.1–4 A previous investigation has shown
that troponin kinetics can be used to estimate the onset of
ischemia in STEMI patients, and this “biochemical ischemic
time” correlates well with infarct size and long-term mortal-
ity.5 Despite the potential value of admission troponin as an
indicator of prehospital ischemia, there is a paucity of
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research evaluating the relationship between the magnitude
of admission troponin and mortality for STEMI patients
undergoing percutaneous coronary intervention (PCI). In this
context, we examined the association between admission
troponin level and in-hospital mortality for a large, contem-
porary cohort of patients who underwent primary PCI for the
treatment of STEMI.

Methods
The database used for this analysis is not available for wider
sharing given the limitations of the data-use agreements with
participating institutions. Study code is available upon
reasonable request.

Cohort
The Blue Cross Blue Shield of Michigan Cardiovascular
Consortium is an ongoing, prospective, multicenter quality-
improvement registry of all patients undergoing PCI at every
nonfederal hospital in the state of Michigan. The consortium
includes a total of 47 hospitals, and details of the registry’s
formation and data collection procedures have been
described previously.6,7 Briefly, participating centers collect
demographic, clinical, procedural, and in-hospital outcomes
data for consecutive patients undergoing PCI for all indica-
tions. Data collection procedures and diagnostic definitions
are based on those used in the NCDR (National Cardiovas-
cular Data Registry) CathPCI database.8 STEMI patients are

identified based on clinical symptoms and standard ECG
criteria.9 All participating sites undergo a periodic audit
(including clinical and ECG data) by a central auditor to
ensure the reliability of patient diagnoses and clinical data
entry.

Our study cohort for this analysis included patients who
presented to the emergency department and underwent
primary PCI for STEMI over a 6-year period from January 1,
2010 to December 31, 2015. Patients who were transferred
to another facility for PCI or those who had PCI while admitted
for another reason were excluded. We also excluded patients
without baseline troponin levels obtained at hospital presen-
tation and those who suffered prehospital cardiac arrest, were
on chronic dialysis therapy, or had missing demographic or
clinical data for estimation of predicted mortality risk. The
primary outcome of interest was in-hospital mortality
following PCI.

Troponin Levels
Baseline troponin levels were obtained for all patients on
presentation before PCI using each hospital’s standard
clinical troponin I (TnI) or troponin T (TnT) assay. Values
from point-of-care assays were not included in the study. In
most cases, the troponin draw occurred in the emergency
department during the initial patient assessment. Each
center’s clinical laboratory was queried to determine the
institution-specific fourth-generation assay and reference
ranges in use during the study period. To adjust for
interhospital heterogeneity in troponin assay use and differ-
ences in assay calibration between TnI and TnT,10 values
were transformed into “troponin folds,” calculated using the
ratio of the absolute value of the patient’s presenting
troponin level to the site-specific assay’s upper limit of
normal, an approach that has been used previously in the
analysis of multicenter cardiac biomarker data.11 A troponin
fold of 1 represents a value matching the upper limit of the
reference range. Patients with an undetectable troponin level
were assigned a troponin fold of 0.

Statistical Analysis
Comparisons of continuous variables were performed using
Student t tests, and comparisons of categorical variables
were performed using Pearson chi-squared tests. For both
continuous and categorical variables, imbalance in patient
clinical and demographic characteristics between groups
defined by preprocedural troponin values within or exceeding
site-specific cutoffs (ie, troponin folds ≤1 versus >1) was
assessed using the standardized difference measure.12

Standardized differences are reported in lieu of P values,
given the tendency of the latter to indicate statistically

Clinical Perspective

What Is New?

• Nearly half of ST-segment–elevation myocardial infarction
patients have a low or undetectable standard troponin level
at the time of hospital presentation.

• Admission troponin levels in the early phase of ST-segment–
elevation myocardial infarction provide prognostic informa-
tion in patients undergoing primary percutaneous coronary
intervention.

• Patients with lower troponin levels on admission have lower
than predicted in-hospital mortality at all levels of clinical
risk.

What Are the Clinical Implications?

• Troponin on presentation may have value in objectively
quantifying the degree and duration of prehospital ischemia.

• Admission biomarker data could be used to evaluate the
effectiveness of quality improvement interventions aimed at
improving prehospital ST-segment–elevation myocardial
infarction detection and care.
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significant, yet clinically trivial, differences in the setting of
large sample sizes.13 A threshold of standardized difference
≥10% was used to identify cases of substantial imbalance.

Baseline predicted risk of in-hospital mortality for each
patient was calculated using coefficients from the NCDR
CathPCI pre-PCI risk model derived by Peterson et al.14 To
evaluate the relationship between troponin and mortality,
multivariable adaptive regression spline models15 were fitted
using the R statistical program package “earth,”16 with
troponin fold value and baseline predicted mortality from
the CathPCI model as continuous predictors, allowing for
second-degree interactions. The troponin values identified by
the model as points at which the underlying relationship with
mortality changed functionally (spline knots) were subse-
quently used to group cases into troponin ranges reflecting
mortality impact. Local weighted polynomial regression17

models were utilized to explore and visualize the relationship
between baseline troponin fold values and mortality across
the range of presenting troponin values.

The Spearman coefficient was used to assess correlation
between symptom-to-door time and baseline troponin fold
values among the subset of cases where symptom-to-door
time was available. The correlation between troponin fold
values and door-to-device times was also examined for all
patients. Median and interquartile ranges for these time
intervals were calculated for patients in troponin fold groups 0
to 0.5, 0.5 to 1.0, 1 to 10, and >10.

The University of Michigan Institutional Review Board has
waived the need for approval of studies based on the data
collected by the BMC2 (Blue Cross Blue Shield of Michigan
Cardiovascular Consortium) registry.

Results
A total of 25 694 patients underwent primary PCI for STEMI
at participating institutions from 2010 through 2015. Of
these, 6301 patients were not admitted to the emergency
department, leaving 19 393 patients eligible for inclusion.
Figure 1 shows the patient inclusion flow diagram for the
cohort. A total of 5332 patients met one of the exclusion
criteria, leaving 14 061 patients in the final cohort. Of this
cohort, 6645 (47.2%) had initial troponin levels that were
undetectable or within the institution-specific reference range
(troponin folds 0–1).

Table 1 depicts the baseline demographic and clinical
characteristics of STEMI patients with troponin folds 0 to 1
and troponin fold >1 on presentation. Mean (�SD) absolute
TnI and TnT values for the negative fold group were
0.04�0.07 and 0.02�0.01 ng/mL, respectively. Mean TnI
and TnT values for patients with an elevated troponin fold
were 5.88�17.63 and 0.70�1.32 ng/mL, respectively. A

total of 492 patients died during the index hospitalization,
with an overall in-hospital mortality of 3.5% for the cohort.
Mortality was lower for those with normal or negative troponin
values compared with patients who had troponin folds >1
(1.8% versus 5.1%).

The multivariable adaptive regression spline model iden-
tified 2 troponin fold values where the relationship between
troponin and mortality significantly changed function. These
cut points occurred at troponin folds 4.75 and 124.33. The
local weighted polynomial regression curve modeling the
association between troponin and mortality is shown in
Figure 2, along with the delineation of regression knots
including the point fold=1, reflecting the cutoff for a site-
defined abnormal troponin value. Patients were divided into
4 troponin groupings using fold cut points from the upper
reference range and the previously identified knots (tro-
ponin categories: folds 0–1, 1–4.75, 4.75–124.33, and
>124.33). To examine the relationship between troponin
and mortality among different clinical risk categories, these
groups were further stratified into quartiles of predicted
mortality risk based on the CathPCI model for comparison
of predicted and observed mortality, thus creating 16
patient groups. Figure 3 shows the mean predicted mortal-
ity risk and actual observed mortality for these patient
groups.

The mean predicted mortality based on the CathPCI model
ranged from 0.5% in the lowest risk quartile of patients with
troponin folds 0 to 1, increasing to 13% for the highest-risk
quartile with troponin folds >124.33 on presentation. The
actual observed mortality ranged from 0.3% to 19.5% in these
same cohort groupings. The observed mortality for all patient
groups with a troponin fold of 0 to 1 was consistently lower
than expected, based on predicted clinical risk. This

Figure 1. Patient inclusion diagram for study cohort. ED indi-
cates emergency department; PCI, primary percutaneous coronary
intervention; STEMI, ST-segment–elevation myocardial infarction.

DOI: 10.1161/JAHA.119.013551 Journal of the American Heart Association 3

Troponin on Presentation and Mortality in STEMI Wanamaker et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



difference between predicted and observed mortality was
particularly evident for the highest-risk quartile in this
troponin group (5.8% observed versus 9.3% predicted), but
also persisted in patients with the lowest predicted risk (0.3%
observed versus 0.5% predicted).

Conversely, for those patients presenting to the hospital
with an initial troponin fold >4.75, the observed mortality
generally exceeded what was predicted based on the CathPCI
model. Differences between predicted and observed mortality
were even more pronounced in patients with troponin folds
>124.33, where observed mortality exceeded predicted
mortality for all patient groups. As might be expected,
patients in the highest predicted CathPCI risk quartile (>3.7%

predicted mortality) who also fell into the highest troponin
fold grouping (>124.33) had the worst outcomes with an
observed mortality of 19.5%, substantially higher than the
mean predicted risk of 13.0% based on the CathPCI model
alone.

Symptom-to-door time was available for 47% of patients
included in the cohort. Symptom-to-door time ranged from a
median of 68 minutes (interquartile range, 47–120) for
troponin folds 0 to 0.5, to 150 minutes (66–387.5) for
patients with troponin folds >10 (Table 2). There was a
statistically significant, albeit modest, correlation between
troponin fold and symptom-to-door time (q=0.2858;
P<0.001).

Table 1. Baseline Demographic and Clinical Characteristics of Patients With Troponin Fold 0 to 1 and >1 on Presentation

Troponin Fold 0 to 1
N=6645

Troponin Fold >1
N=7416 Absolute Standardized Difference (%)

Demographic characteristics

Age, y 60.16�12.43 63.11�13.54 22.6

Male 4863 (73.2%) 4869 (65.7%) 16.4

Female 1782 (26.8%) 2547 (34.3%) 16.4

Black or African American 856 (12.9%) 926 (12.5%) 1.19

White 5654 (85.1%) 6345 (85.6%) 1.33

Uninsured 728 (11.0%) 706 (9.5%) 4.74

History and clinical characteristics

Hypertension 4547 (68.4%) 5190 (70.0%) 3.47

Dyslipidemia 4218 (63.5%) 4480 (60.5%) 6.32

Diabetes mellitus 1567 (23.6%) 2003 (27.0%) 7.88

Tobacco use 3081 (46.4%) 3135 (42.3%) 8.2

Previous MI 1721 (25.9%) 1482 (20.0%) 14.1

Previous PCI 1845 (27.8%) 1474 (19.9%) 18.6

Previous HF 343 (5.2%) 487 (6.6%) 5.98

Peripheral artery disease 418 (6.3%) 596 (8.0%) 6.78

Chronic lung disease 823 (12.4%) 925 (12.5%) 0.27

Cardiogenic shock at time of PCI 305 (4.6%) 471 (6.4%) 7.75

Creatinine, mg/dL 1.04�0.38 1.10�0.51 11.8

Pre-PCI

Troponin I, ng/mL 0.04�0.07 5.88�17.63 46.8

Troponin T, ng/mL 0.02�0.01 0.70�1.32 73.0

Pre-PCI TIMI

0 flow 4276 (64.3%) 4637 (62.5%) 3.78

1 flow 596 (9.0%) 649 (8.8%) 0.77

2 flow 757 (11.4%) 959 (12.9%) 4.71

3 flow 739 (11.2%) 824 (11.1%) 0.03

In-hospital mortality 117 (1.8%) 375 (5.1%) 18.2

Variables expressed as mean�SD or n (%). HF indicates heart failure; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.
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Discussion

The primary findings of this study are that nearly half of
patients with STEMI had troponin levels that were unde-
tectable or within the reference range on hospital presenta-
tion, and that the degree of troponin elevation on admission is
a strong and independent predictor of in-hospital mortality for
STEMI patients undergoing primary PCI, even after adjustment
for other baseline demographic and clinical factors. Patients
with low or undetectable troponins experienced lower-than-
expected mortality, regardless of their predicted risk based on
demographic and clinical risk factors. Conversely, those with
markedly elevated troponins on presentation had mortality
rates that were higher than anticipated by the clinical risk
model.

It is thought that the onset of myocardial infarction
precedes a clinically abnormal troponin elevation by 3 to
4 hours when standard (ie, non-high-sensitivity) TnT and TnI
assays are used, with a peak in enzyme levels at 12 to

24 hours depending on successful reperfusion.4 Though the
rapid rise in biomarkers following reperfusion of the infarct-
related artery by thrombolysis and angioplasty in STEMI
patients has been well described18 and can be used to predict
the success of thrombolytic therapy,19 an elevated presenting
troponin in an unrevascularized STEMI patient should never be
confused with the “washout phenomenon” that accompanies
successful reperfusion. Whereas peak troponin levels are
driven by the success of revascularization and the territory of
myocardium at risk from the infarct-related artery,1–3 troponin
release kinetics dictate that the levels observed in the early
acute phase are highly dependent on the time of ischemia.
Our findings suggest that admission levels may provide an
important objective insight into the degree and duration of
prehospital ischemia, and that increased ischemic time is a
significant driver of increased mortality for those in high-
troponin groups.

As in earlier studies,20–23 we found that symptom-to-door
time correlated with troponin elevation, though only modestly.

Figure 2. The association between admission troponin and mortality across the study cohort. Left y-axis:
estimated mortality (black curve) derived using LOESS regression. Right y-axis: percent of cases in each
troponin fold range (blue histogram bars). Vertical red lines identify nodes in the multivariable adaptive
regression analysis. LOESS indicates Locally Estimated Scatterplot Smoothing.
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The determination of ischemic time based on history can be
problematic for groups more likely to present with atypical
symptoms such as older individuals, women, and diabetic

patients.24,25 In our real-world cohort, symptom onset could
not be reliably estimated for over half of patients. Interest-
ingly, Mahmoud et al5 have shown that “biochemical ischemic
time” based on troponin data often disagrees with, and is
substantially longer than, conventional ischemic time derived
from retrospective patient symptom report. In our cohort,
there was overlap in symptom-to-door time, with both “early
presenters” and “late presenters” (based on symptom onset)
in high- and low-troponin groupings. The poor reliability of
symptom duration as an indicator of ischemic time may, in
part, explain why some studies have failed to show a
convincing relationship between symptom-to-door time and
mortality in STEMI.26–28 In many patients, progression to
STEMI may be preceded by a more prolonged and dynamic
process of plaque instability, thrombus formation, distal
embolization, and restoration of flow, which is better appre-
ciated with objective admission biomarker data.29,30

Figure 3. Troponin fold groupings and NCDR CathPCI risk quartile mortality heatmap. The x-axis divides patients by troponin fold on
presentation, with groupings determined by multivariable adaptive regression. The y-axis divisions separate patients of each troponin grouping
into quartiles of predicted risk based on the NCDR CathPCI prediction model. Observed mortality (%) is expressed with gradations of color found
on the right heatmap calibration bar. NCDR indicates National Cardiovascular Data Registry; Tn, troponin fold.

Table 2. Symptom-to-Door and Door-to-Device Times by
Troponin Fold on Presentation

Troponin Folds

Median
Symptom-to-Door
in Minutes (IQR)

Median Door-to-Device
in Minutes (IQR)

0 to 0.5 68 (47–120) 63 (49–77)

0.5 to 1 72 (47–130) 67 (53–81)

1 to 10 99 (59–183) 69 (54–84)

>10 150 (66–387.5) 73 (58–91)

Spearman correlation between troponin (folds) and symptom-to-door time (minutes)
q=0.2858, P<0.0001. Spearman correlation between troponin (folds) and door-to-device
time (minutes) q=0.1465, P<0.0001. IQR indicates interquartile range.
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The 47.2% of STEMI patients with normal or negative
admission troponin necessarily presented in the initial window
between ischemia onset and the appearance of an elevated
troponin. These data serve as a reminder that biomarker
levels should never be used to delay a decision to proceed to
coronary angiography in a patient with suspected STEMI. This
figure is similar to previous single-center data reported by
Giannitsis et al (42–54%),20,21 Kurowski et al (47.7%),22 and
Matetzky et al (49.0%)31 over 15 years before our study.
Though direct comparisons are not valid given advances in
troponin assay development, these numbers suggest that
there is continued need to prioritize progress in prehospital
STEMI recognition and expedited care, especially in an era
when door-to-device time has generally been optimized.32

Admission troponin levels reflect prehospital delays at both
the patient (symptom recognition and medical contact) and
system (contact-to-door time) levels. Although earlier efforts
have generally failed to produce sustainable improvements in
clinical outcomes, this needs to be revisited in the era of
ubiquitous use of mobile technology and emerging advances
in biosensor technology. We believe that admission biomarker
data could be used to evaluate the effectiveness of quality
improvement interventions aimed at reducing prehospital
delay and overall duration of ischemia in STEMI, eventually
leading to improvement in clinical outcomes.

Study Limitations
Our study cohort was based on a subgroup of patients from
a large registry comprised of geographically diverse insti-
tutions with intrinsic differences in STEMI systems of care.
We hope that our study will spur further investigation of
these regional and institutional differences using admission
biomarkers as an objective tool for comparison. A number
of other limitations may affect the generalizability of our
findings. There was significant heterogeneity in clinical TnI
and TnT assay use among participating institutions.
Although we attempted to adjust for this by normalizing
values to each institution’s upper limit of normal, this may
not have fully accounted for subtle differences in test
sensitivity and performance characteristics between institu-
tions. Admission troponins were not obtained for 18% of the
eligible patients in the registry. It is unclear whether initial
laboratory testing may have been bypassed in the most
critically ill or unstable STEMI patients, though no signifi-
cant difference in mortality was noted in patients without
admission troponin data compared to the study cohort as a
whole (data not shown). We additionally chose to exclude
patients with prehospital cardiac arrest because of its
uncertain effect on biomarker levels. Cardiac arrest is
associated with varying degrees of troponin elevation on
hospital presentation even in nonischemic settings, perhaps

reflecting injury during resuscitation efforts and global
myocardial hypoperfusion.33 Mortality in such patients is
also driven, to a large degree, by the neurological insult
sustained before PCI.34

Our study predates the recent approval and adoption of
high-sensitivity troponin assays in the United States, and the
role of these assays in risk stratification for STEMI patients is
still being explored.35 In theory, their higher temporal
resolution may be helpful in refining estimates of prehospital
ischemic time, and this concept warrants further investiga-
tion.

Conclusions
Troponin levels on presentation provide prognostic value for
STEMI patients treated with primary PCI, and mortality
increases with increasing admission troponin levels, regard-
less of baseline clinical risk. A low or undetectable troponin
level on presentation, an objective measure of a shorter
prehospital ischemic time, was present in nearly half of our
patients and portends a good prognosis. The substantial
number of patients who present with markedly elevated
troponins in the setting of an acute infarction, and their
relatively worse outcomes, highlights the continued need for
improvement in prehospital STEMI detection and care.
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