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ABSTRACT

BACKGROUND

Data regarding high-sensitivity troponin concentrations in patients presenting to the
emergency department with symptoms suggestive of myocardial infarction may be useful
in determining the probability of myocardial infarction and subsequent 30-day outcomes.

METHODS

In 15 international cohorts of patients presenting to the emergency department with
symptoms suggestive of myocardial infarction, we determined the concentrations of high-
sensitivity troponin I or high-sensitivity troponin T at presentation and after early or late
serial sampling. The diagnostic and prognostic performance of multiple high-sensitivity
troponin cutoff combinations was assessed with the use of a derivation-validation design.
A risk-assessment tool that was based on these data was developed to estimate the risk of
index myocardial infarction and of subsequent myocardial infarction or death at 30 days.

RESULTS

Among 22,651 patients (9604 in the derivation data set and 13,047 in the validation data
set), the prevalence of myocardial infarction was 15.3%. Lower high-sensitivity troponin
concentrations at presentation and smaller absolute changes during serial sampling were
associated with a lower likelihood of myocardial infarction and a lower short-term risk of
cardiovascular events. For example, high-sensitivity troponin I concentrations of less than
6 ng per liter and an absolute change of less than 4 ng per liter after 45 to 120 minutes
(early serial sampling) resulted in a negative predictive value of 99.5% for myocardial
infarction, with an associated 30-day risk of subsequent myocardial infarction or death
of 0.2%; a total of 56.5% of the patients would be classified as being at low risk. These
findings were confirmed in an external validation data set.

CONCLUSIONS
A risk-assessment tool, which we developed to integrate the high-sensitivity troponin I or
troponin T concentration at emergency department presentation, its dynamic change during
serial sampling, and the time between the obtaining of samples, was used to estimate the
probability of myocardial infarction on emergency department presentation and 30-day out-
comes. (Funded by the German Center for Cardiovascular Research [DZHK]; ClinicalTrials
.govnumbers, NCT00470587, NCT02355457, NCT01852123, NCT01994577, and NCT03227159;
and Australian New Zealand Clinical Trials Registry numbers, ACTRN12611001069943,
ACTRN12610000766011, ACTRN12613000745741, and ACTRN12611000206921.)
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HEST PAIN SUGGESTIVE OF MYOCARDIAL

infarction is a leading cause of presenta-

tion to the emergency department world-
wide.! In addition to the electrocardiogram and
clinical symptoms, the serial measurement of
cardiac troponin is key in ruling out or diagnos-
ing myocardial infarction.”” With the develop-
ment of high-sensitivity troponin assays, rapid
triage algorithms have been created to apply
these tests safely in clinical practice.®%

However, some challenges remain. First, with
high-sensitivity troponin tests it is difficult to
differentiate between patients who present to
the emergency department with acute myocar-
dial infarction and those who have other causes
of myocardial injury.® Second, although it is
generally accepted that the initial blood sample
for troponin measurement should be obtained
immediately on presentation, the appropriate
timing of obtaining the second blood sample is
a matter of debate, and recommendations vary
between 1 hour and 6 hours.>*%111316 Third, the
long-term prognosis in patients who do not
have myocardial infarction but who have persis-
tently elevated high-sensitivity troponin concen-
trations remains unclear. Comparing outcomes
in such patients with those in the general popu-
lation may increase the understanding of indi-
vidual risk.”

We therefore sought to develop a tool integrat-
ing high-sensitivity troponin concentration at
emergency department presentation, the dynamic
change in concentration during serial sampling,
and the time between the obtaining of samples
in order to provide a flexible method to deter-
mine the probability of myocardial infarction
and 30-day outcomes. We also sought to use the
data regarding high-sensitivity troponin concen-
trations that had been obtained at emergency
department presentation to estimate long-term
risk among patients in whom myocardial infarc-
tion had been ruled out.

METHODS

STUDY DESIGN

The Calculation of Myocardial Infarction Risk
Probabilities to Manage Patients with Suspicion
of Myocardial Infarction (COMPASS-MI) project
used individual patient-level data from 15 inter-
national cohorts of patients who had suspected

myocardial infarction in order to calculate risk
probabilities for myocardial infarction with the
use of high-sensitivity troponin measurements
made at the time of emergency department pre-
sentation and, in conjunction with data from 11
population-based cohorts, to estimate long-term
risk. The high-sensitivity troponin I and high-
sensitivity troponin T assays were partly donated
by Roche and Abbott, which had no role in the
design of the study, the analysis of the data, the
preparation of the manuscript, or the decision to
submit the manuscript for publication. The au-
thors vouch for the accuracy and completeness
of the data and all analyses and for the fidelity
of the study to the protocol, which is available
with the full text of this article at NEJM.org. The
Standards for Reporting of Diagnostic Accuracy
(STARD) checklist for this study is provided in
Table S1 in Supplementary Appendix 1, available
at NEJM.org.

STUDY POPULATION WITH SUSPECTED ACUTE
MYOCARDIAL INFARCTION

Patients who presented to the emergency depart-
ment with acute symptoms suggestive of myo-
cardial infarction were considered the acute study
population. For this population, individual patient—
level data from 15 studies prospectively enroll-
ing 23,327 patients who presented to the emer-
gency department with suspected myocardial
infarction were combined into one data set.
Most of the individual studies have been de-
scribed previously>? 11141821, g detailed descrip-
tion of each study is provided in Supplementary
Appendix 1. Patients 18 years of age or older
were recruited in 13 countries in three geo-
graphic regions (Europe, North America, and
Australasia). All the participating studies were
approved by local ethics committees and com-
plied with the principles of the Declaration of
Helsinki.

Patients with ST-segment elevation myocar-
dial infarction were excluded from this study.
Data from 9604 patients from five cohorts avail-
able at the time of the first analyses (APACE
[Advantageous Predictors of Acute Coronary
Syndrome Evaluation], BACC [Biomarkers in
Acute Cardiac Care] I, High-STEACS [High-Sen-
sitive Troponin in the Evaluation of Acute Coro-
nary Syndrome], ROMI I [Optimum Troponin
Cutoffs for ACS in the ED], and stenoCardia
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[Study for Evaluation of Newly Onset Chest Pain
and Rapid Diagnosis of Myocardial Necrosis])
were used as the derivation data set, and the
results were validated in the remaining 13,047
patients.

Concentrations of high-sensitivity troponin I
(Architect platform, Abbott) and high-sensitivity
troponin T (Elecsys platform, Roche) were mea-
sured as part of routine clinical care or in batches
of samples that had been frozen at —80°C. De-
tailed times at which blood samples were ob-
tained were documented, and the time frame
between the first sample at emergency depart-
ment presentation and serial resampling was
grouped into two categories: early resampling
(>45 to 120 minutes) and late resampling (>120
to 210 minutes). The diagnosis of myocardial
infarction that was originally assigned to each
study patient in each cohort was used as the
basis for assigning the diagnosis for our study
(that is, the diagnosis was not reassessed as part
of our analysis). Additional information regard-
ing the troponin assays and the diagnosis of
myocardial infarction in the acute study popula-
tion is provided in Supplementary Appendix 1.

EVALUATION OF DIAGNOSTIC PERFORMANCE
IN THE ACUTE STUDY POPULATION
To identify the patients at either low or high risk
for myocardial infarction, we selected a range of
cutoff concentrations of high-sensitivity tropo-
nin at presentation (C1, measured in nanograms
per liter) and a range of absolute changes (in-
crease or decrease) in the concentrations of high-
sensitivity troponin on serial sampling (C2, mea-
sured in nanograms per liter). The selected cutoff
concentrations were chosen to represent a wide
range of diagnostic performances.”!121422

To identify patients at low risk for myocardial
infarction, the negative predictive value and the
sensitivity for myocardial infarction, as well as
the proportion of patients with troponin levels
below the selected cutoff level, were calculated.
A patient was deemed to be at low risk when
both C1 and C2 were below the selected cutoff
concentrations. To identify patients at high risk
for myocardial infarction, the positive predictive
value and the specificity for myocardial infarc-
tion, as well as the proportion of patients with
troponin levels greater than or equal to the se-
lected cutoff concentration, were calculated. A pa-

tient was deemed to be at high risk when either
C1 or C2 was greater than or equal to the se-
lected cutoff concentration. All the analyses were
performed separately for patients with early or
late resampling and for those with available data
for high-sensitivity troponin I or high-sensitivity
troponin T.

FOLLOW-UP AND CLINICAL END POINTS

In the acute study population data set, all the
patients were followed for at least 1 month to
assess death from any cause (except in the High-
STEACS study, in which death from cardiac
causes only was recorded) or myocardial infarc-
tion. In the APACE, BACC, Heidelberg, ProsPECTUS
(Prospektive Kohortenstudie zur Evaluation der
Diagnostik und der therapeutischen Strategien
in der Chest Pain Unit), and stenoCardia studies,
patients were followed for 2 years. The short-
term prognostic end point was the composite of
subsequent myocardial infarction (excluding the
index event) or death from any cause at 30 days.
The long-term prognostic end point was the
composite of subsequent myocardial infarction
(excluding the index event) or death from any
cause assessed at 1 year and 2 years.

GENERAL POPULATION STUDIES

To provide estimates of long-term outcomes in
patients in whom myocardial infarction was
ruled out and to compare these outcomes with
those in the general population, we used data
from the population-based Biomarker for Cardio-
vascular Risk Assessment in Europe (BiomarCaRE)
study, which has been described previously.}”??
A total of 11 cohorts from eight countries were
included in the investigation, with a maximum
follow-up of 28 years. Details of the included
studies are provided in Supplementary Appendix 1.
Follow-up data from these studies were used to
estimate the incidence of myocardial infarction
or death from any cause in the general popula-
tion at 1 year and 2 years.

For the general population studies, the con-
centration of high-sensitivity troponin I was cen-
trally measured in batched, stored samples by the
Abbott Architect assay. Owing to the low per-
centage of young and healthy persons with de-
tectable concentrations, high-sensitivity troponin
T was not measured in persons in the general
population.
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LONG-TERM RISK ASSESSMENT IN PERSONS
WITHOUT MYOCARDIAL INFARCTION

For the long-term risk assessment, we compared
the association of single concentrations of high-
sensitivity troponin with the incidence of myo-
cardial infarction or death among patients in the
acute study population who did not have myo-
cardial infarction and among persons in the
general population after detailed matching, in a
1:1 ratio, of the two data sets according to age,
sex, presence or absence of hypertension, pres-
ence or absence of diabetes, smoking status, and
presence or absence of dyslipidemia. Details of
the risk prediction and the methods for match-
ing are provided in Supplementary Appendix 1.

STATISTICAL ANALYSIS

The characteristics of the patients were described
according to quartiles for continuous variables
and according to absolute and relative frequen-
cies for binary variables. For the evaluation of
diagnostic performance, the negative predictive
value, sensitivity, positive predictive value, and
specificity were calculated for multiple combina-
tions of initial troponin concentrations and se-
rial changes in troponin concentrations (C1 and
C2, as described above). To examine the gener-
alizability of our findings, the diagnostic perfor-
mance of these combinations was assessed in a
derivation data set and confirmed in a validation
data set. For prognostic evaluation, the probabil-
ities of myocardial infarction or death during
follow-up were estimated for various concentra-
tions of high-sensitivity troponin with the use of
Cox regression analyses. No adjustment for mul-
tiple testing was performed. All statistical meth-
ods were implemented in R statistical software,
version 3.5.0. Details of the statistical methods
are provided in Supplementary Appendix 1.

RESULTS

STUDY POPULATION WITH SUSPECTED MYOCARDIAL
INFARCTION

Overall, 22,651 patients with suspected myocar-
dial infarction in the acute study population
were enrolled for the present analysis, after the
exclusion of 676 patients with ST-segment eleva-
tion myocardial infarction (Fig. S1 in Supple-
mentary Appendix 1). Evaluation of diagnostic
performance was performed in 9604 patients

and validated in 13,047 patients. The character-
istics of the patients at baseline are presented in
Table 1 for all patients, and in Table S2 in Sup-
plementary Appendix 1 for each contributing
study separately. The final diagnosis of myocar-
dial infarction was adjudicated in 3455 of 22,651
patients (15.3%). Results of early serial sampling
(>45 to 120 minutes) of high-sensitivity troponin I
and high-sensitivity troponin T were available in
7833 and 9562 patients, respectively; and the re-
sults of late serial sampling (>120 to 210 minutes)
in 9905 and 10,950 patients, respectively (Table
S3 in Supplementary Appendix 1). Information
about the diagnostic accuracy of the high-sensi-
tivity troponin tests, as well as assessments of
data validation, error, and calibration, are pro-
vided in Table S4 and Figures S2 through S10 in
Supplementary Appendix 1.

PATIENTS AT LOW RISK FOR MYOCARDIAL INFARCTION
Patients at low risk for myocardial infarction
were likely to have very low concentrations of
high-sensitivity troponin I or high-sensitivity tro-
ponin T at presentation and small absolute
changes on serial sampling, resulting in a high
negative predictive value for myocardial infarc-
tion (for detailed data, see Supplementary Ap-
pendix 2, available at NEJM.org). In addition,
these patients were at very low risk for myocar-
dial infarction or death from any cause at 30 days.
With increasing concentrations of high-sensitiv-
ity troponin I or high-sensitivity troponin T at
presentation and increasing absolute changes,
the negative predictive value steadily decreased,
while the overall proportion of patients who
were classified as being at low risk increased.
For data presentation, low-risk patients were
grouped according to negative predictive value
categories of 100 to 99.5%, 99.4 to 99.0%, 98.9 to
98.0%, and 97.9 to 97.0%. Combinations of the
high-sensitivity troponin cutoff concentrations
were used to assign patients to each of these
four categories and to show a wide range of di-
agnostic performance (Fig. 1). For example, if an
institution uses a high-sensitivity troponin I con-
centration of less than 6 ng per liter at presenta-
tion to the emergency department and an abso-
lute change of less than 4 ng per liter after 45 to
120 minutes to identify patients at low risk for
myocardial infarction, the negative predictive
value for myocardial infarction would be 99.5%
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Table 1. Baseline Characteristics of All Patients with Suspected Myocardial Infarction Included in the Diagnostic Evaluation.*
All Patients Derivation Data Set Validation Data Set
Characteristic (N=22,651) (N=9604) (N=13,047) P Value
Median age (IQR) — yr 62.5 (51.0-74.0) 63.0 (51.0-74.0) 62.1 (51.0-74.0) 0.34
Male sex — no./total no. (%) 14,045/22,648 (62.0) 612079604 (63.7) 7925/13,044 (60.8) <0.001
History of hypertension — no./total no. (%) 13,506/22,523 (60.0) 5966/9539 (62.5) 7540/12,984 (58.1) <0.001
History of hyperlipoproteinemia — no./ 10,019/21,167 (47.3) 4911/9508 (51.7) 5108/11,659 (43.8) <0.001
total no. (%)
Diabetes — no./total no. (%) 4045/22,471 (18.0) 1624/9487 (17.1) 2421/12,984 (18.6) 0.003
Smoking status — no./total no. (%)
Current smoking 4660/22,340 (20.9) 2260/9489 (23.8) 2400/12,851 (18.7) <0.001
Former smoking 6389/19,317 (33.1) 3287/9488 (34.6) 3102/9829 (31.6) <0.001
History of CAD — no./total no. (%) 7508/20,911 (35.9) 3059/8625 (35.5) 4449/12,286 (36.2) 0.28
History of myocardial infarction — no./ 5507/22,466 (24.5) 2268/9509 (23.9) 3239/12,957 (25.0) 0.05
total no. (%)
History of stroke — no. /total no. () 1813/20,661 (8.8) 959/9482 (10.1) 854/11,179 (7.6) <0.001
Ischemia signs on ECG — no./total no. (%) 3982/19,001 (21.0) 2083/8471 (24.6) 1899/10,530 (18.0) <0.001
Symptom onset <3 hr before presentation 7120/19,295 (36.9) 2288/8966 (25.5) 4832/10,329 (46.8) <0.001
— no./total no. (%)
Median body-mass index (IQR) 26.9 (24.2-30.4) 26.6 (24.0-29.7) 27.2 (24.4-30.9) <0.001
Laboratory measurements
Median creatinine (IQR) — mg/d| 0.9 (0.7-1.0) 0.9 (0.7-1.0) 0.9 (0.7-1.0) 0.22
Median high-sensitivity troponin | (IQR)
— ng/liter
At emergency department presentation 4.3 (2.0-14.5) 5.0 (2.3-17.4) 3.6 (1.9-11.1) <0.001
At >45-120 min 46 (2.1-15.9) 5.0 (2.2-18.0) 41 (2.0-13.2) <0.001
At >120-210 min 5.0 (2.2-16.2) 6.0 (3.0-21.3) 3.6 (1.9-11.3) <0.001
Median high-sensitivity troponin T (IQR)
— ng/liter
At emergency department presentation 9.0 (4.6-21.1) 8.6 (4.0-20.0) 9.3 (4.8-22.0) <0.001
At >45-120 min 8.4 (4.0-19.0) 8.5 (4.6-21.0) 8.3 (4.0-17.3) 0.006
At >120-210 min 9.9 (4.8-26.0) 9.0 (4.4-23.6) 10.0 (4.9-28.0) <0.001
Cardiac examinations
Angiography — no./total no. (%) 5064/18,610 (27.2) 2110/8074 (26.1) 2954/10,536 (28.0) 0.004
Revascularization — no./total no. (%) 2563/17,237 (14.9) 1217/8070 (15.1) 1346/9167 (14.7) 0.48
Echocardiography — no./total no. (%) 4979/12,354 (40.3) 1748/3251 (53.8) 3231/9103 (35.5) <0.001
Final diagnosis/of myocardial infarction 3455 (15.3) 1571 (16.4) 1884 (14.4) <0.001
— no. (%)

s

* Data were missing as follows: on age, for 12 patients in the validation data set; on body-mass index (the weight in kilograms divided by the
square of the height in meters) for 2868 in the derivation data set and for 3330 in the validation data set; on the creatinine level, for 216 and
1699, respectively; on the high-sensitivity troponin | concentration, for 478 and 5194, respectively, at emergency department presentation,
for 4966 and 9852 at early resampling (>45 to 120 minutes), and for 4232 and 8514 at late resampling (>120 to 210 minutes); and on the
high-sensitivity troponin T concentration, for 1808 and 1562 at emergency department presentation, for 4697 and 8392 at early resampling,
and for 5098 and 6603 at late resampling. CAD denotes coronary artery disease, ECG electrocardiogram, and IQR interquartile range.

(95% confidence interval [CI], 99.2 to 99.7), with of 56.5% (95% CI, 55.4 to 57.6) of the patients in
an associated 30-day risk of myocardial infarc- the acute study population would be classified
tion or death of 0.2% (95% CI, 0.1 to 0.4); a total as being at low risk.
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Figure 1. Risk-Assessment Tool for Defining Low Risk of Myocardial Infarction (MI) on the Basis of High-Sensitivity Troponin Cutoff
Concentrations.

Panel A shows data during early resampling (top) and late resampling (bottom) of the high-sensitivity troponin | concentration, and
Panel B during early resampling (top) and late resampling (bottom) of the high-sensitivity troponin T concentration. To use these dia-
grams, select the figure panel corresponding to the high-sensitivity troponin assay used (troponin | or troponin T) and determine whether
the second blood sample for troponin measurement was obtained early after the first sample (>45 to 120 minutes) or late (>120 to 210
minutes). Then select the cutoff concentration for the initial high-sensitivity troponin measurement (time 0; values in nanograms per
liter) from the innermost circle of the panel, and the cutoff concentration for the change (increase or decrease; values in nanograms per
liter) in the high-sensitivity troponin concentration on resampling from the second circle. The third circle shows the efficacy of this tro-
ponin combination (the proportion of patients who will be designated to have low risk if both values are below the cutoff). The fourth
circle shows the 30-day risk of Ml or death (excluding the index event) with this troponin combination. The outermost circle shows the
negative predictive value (NPV) of this troponin combination for MI. All calculations were based on the overall data set including pa-
tients with suspected acute M| and were not adjusted for multiple testing. For simplicity, the values shown in this figure are presented
without 95% confidence intervals. Full lists of data according to each increment of high-sensitivity troponin | or high-sensitivity troponin T
together with 95% confidence intervals are provided in Supplementary Appendix 2. An interactive risk calculator is provided in Supple-
mentary Appendix 3 and at www.compass-mi.com.
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PATIENTS AT HIGH RISK FOR MYOCARDIAL
INFARCTION
Patients at high risk for myocardial infarction
were likely to have higher concentrations of
high-sensitivity troponin I or high-sensitivity tro-
ponin T at presentation to the emergency depart-
ment or a larger absolute change during serial
sampling than those at low risk (see Supplemen-
tary Appendix 2). In addition, these patients were
at higher risk for myocardial infarction or death
from any cause at 30 days than were patients in
the low-risk category. With decreasing concen-
trations of high-sensitivity troponin I or high-
sensitivity troponin T at presentation or decreas-
ing absolute changes, the positive predictive
value was reduced, while the proportion of pa-
tients classified as being at high risk increased.
For data presentation, high-risk patients were
grouped according to positive predictive value
categories of 80.0% or higher, 79.9 to 75.0%,
74.9 to 70.0%, and 69.9 to 65.0%. Combinations
of the high-sensitivity troponin cutoff concen-
trations were used to assign patients to each of
these four categories and to show a wide range
of diagnostic performance (Fig. 2). For example,
in a patient with a high-sensitivity troponin T
concentration of at least 100 ng per liter at pre-
sentation or an absolute change of at least 12 ng
per liter in the window of more than 120 minutes
to 210 minutes, the positive predictive value for
myocardial infarction would be 76.5% (95% CI,
74.4 to 78.6) with an associated 30-day risk of
subsequent myocardial infarction or death of 4.8%
(95% CI, 3.7 to 6.0); a total of 14.7% (95% CI, 14.1
to 15.4) of the patients in the acute study popu-
lation would be classified as being at high risk.

INTERACTIVE RISK-ASSESSMENT TOOL

An interactive risk calculator for the application
of individual combinations of the high-sensitivity
troponin cutoff concentrations is provided in Sup-
plementary Appendix 3 (available at NEJM.org)
and at www.compass-mi.com. This calculator
allows for the classification of patients into low-
risk and high-risk categories.

PROGNOSIS IN PERSONS WITHOUT MYOCARDIAL
INFARCTION

To explore high-sensitivity troponin concentra-
tions as a risk-prediction marker in patients in
whom myocardial infarction had been ruled out,

we matched 8345 patients in the acute study
population data set with 71,150 persons in the
general population data set. (The baseline char-
acteristics of the persons from the general popu-
lation studies are shown in Table S5 in Supple-
mentary Appendix 1.) We identified 7682 matched
pairs (Table 2, and Table S6 in Supplementary
Appendix 1). In the matched acute study popula-
tion, the median follow-up time was 730 days.
During follow-up, 271 patients (Kaplan—Meier
estimate, 3.9%) had the composite prognostic
end point of death or myocardial infarction after
1 year and 398 (6.3%) after 2 years. Among the
7682 matched persons in the general popula-
tion, the median follow-up time was 8.0 years.
During follow-up, 80 persons (1.0%) had the
composite prognostic end point of death or myo-
cardial infarction after 1 year and 198 (2.6%)
after 2 years. Data on the high-sensitivity tropo-
nin I or T concentrations were available for 6434
and 6468 matched patients, respectively.

In both the acute study population and the
population-based cohort, high-sensitivity tropo-
nin concentrations were strongly associated with
myocardial infarction or death after 1 year and
2 years (Fig. 3, and Table S7 in Supplementary
Appendix 1). For example, patients presenting
with acute chest pain to the emergency depart-
ment who were found not to have myocardial
infarction and who had a high-sensitivity tropo-
nin I concentration of more than 10 to 14 ng per
liter had a risk of death or myocardial infarction
of 4.8% at 1 year and 8.1% at 2 years, as com-
pared with 1.4% and 3.4%, respectively, among
persons in the general population.

DISCUSSION

Using data from more than 22,000 patients with
suspected acute myocardial infarction from 13
countries, we derived and validated a risk-assess-
ment tool to assign patients to categories of low
or high risk for the diagnosis of myocardial in-
farction and for subsequent myocardial infarction
or death at 30 days. Risk assignment was based
on high-sensitivity troponin concentrations, their
dynamics, and the timing of serial resampling.
Furthermore, we provided an estimate of long-
term risk that was based on high-sensitivity
troponin concentrations in patients presenting
with acute symptoms who did not receive a
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A High-Sensitivity Troponin | B High-Sensitivity Troponin T
PV for Mi (%) ppV for M1 (%)

Early Resampling
(>45 to 120 min)
Early Resampling
(>45 to 120 min)

| or D

2

Late Resampling

(>120 to 210 min)
Late Resampling
(>120 t0210 min)

Figure 2. Risk-Assessment Tool for Defining High Risk of MI on the Basis of High-Sensitivity Troponin Cutoff Concentrations.

Panel A shows the data during early resampling (top) and late resampling (bottom) of the high-sensitivity troponin | concentration, and
Panel B during early resampling (top) and late resampling (bottom) of the high-sensitivity troponin T concentration. To use these dia-
grams, select the figure panel corresponding to the high-sensitivity troponin assay used (troponin | or troponin T) and determine whether
the second blood sample for troponin measurement was obtained early after the first sample (>45 to 120 minutes) or late (>120 to 210
minutes). Then select the cutoff concentration for the initial high-sensitivity troponin measurement (time 0; values in nanograms per
liter) from the innermost circle of the figure panel, and the cutoff concentration for the change (increase or decrease; values in nano-
grams per liter) in high-sensitivity troponin on resampling from the second circle. The third circle shows the efficacy of this troponin
combination (the proportion of patients who will be designated to have high risk if either value is greater than or equal to the cutoff).
The fourth circle shows the 30-day risk of MI or death (excluding the index event) with this troponin combination. The outermost circle
shows the positive predictive value (PPV) of this troponin combination for myocardial infarction. All calculations were based on the
overall data set including patients with suspected MI and were not adjusted for multiple testing. For simplicity, the values shown in this
figure are presented without 95% confidence intervals. Full lists of data according to each increment of high-sensitivity troponin | or
high-sensitivity troponin T together with 95% confidence intervals are provided in Supplementary Appendix 2. An interactive risk cal-
culator is provided in Supplementary Appendix 3 and at www.compass-mi.com.
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(MI) Included in the Prognostic Evaluation.*

Table 2. Baseline Characteristics of All Persons from the General Population and the Matched Patients without Acute Myocardial Infarction

Overall General
Population

Characteristic (N=71,150)

Median age (IQR) —yr 50.9 (41.6-59.7)
35,048 (49.3)
29,378 (41.3)
49,059 (69.0)

26.1 (23.5-29.1)

Male sex — no. (%)
Hypertension — no. (%)
Dyslipidemia — no. (%)
Median body-mass index (IQR)

Diabetes — no. (%) 3,028 (4.3)

Daily smoking — no. (%) 19,506 (27.4)

History of Ml or stroke — no./ 2,357 (3.3)
total no. (%)

Median high-sensitivity troponin | 2.5 (1.5-4.2)
(IQR) — ng/litert

Median high-sensitivity troponin T NA

(IQR) — ng/liters:

Matched Persons
from General Population

Matched Patients
without Acute MI

(N=7682) (N=7682)
61.0 (50.0-72.0) 61.0 (50.0-71.2)
4989 (64.9) 4989 (64.9)
5001 (65.1) 5001 (65.1)
3643 (47.4) 3643 (47.4)
26.6 (24.1-30.0) 27.1 (24.4-30.1)
1113 (14.5) 1113 (14.5)
1765 (23.0) 1765 (23.0)

1630/7647 (21.3) 368/7682 (4.8)

40 (2.1-9.0) 3.2 (2.0-5.3)

7.0 (4.0-14.4) NA

Standardized Mean

Difference
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5

0.1

* Details about the definition of the baseline characteristics from the general population are provided in Supplementary Appendix 1. NA de-

notes not available.

7 Data on the high-sensitivity troponin | concentrations were available for 6434 matched patients.
i Data on the high-sensitivity troponin T concentrations were available for 6468 matched patients. Owing to the low rate of detectable con-
centrations in young and healthy persons, high-sensitivity troponin T was not measured in the general population.

diagnosis of myocardial infarction, and we com-
pared these results with those in the general
population.

The development of high-sensitivity troponin
assays allows for the identification of small-
scale myocardial injuries, thus improving the
detection of even small myocardial infarctions.>®
However, owing to the higher analytic sensitivity
of these assays, clinical management decisions
have become more challenging. Consequently,
algorithms have been developed to triage pa-
tients with suspected myocardial infarction ef-
ficiently. These algorithms have inflexible rules
for the timing of troponin resampling and cut-
off levels for the diagnosis of myocardial infarc-
tion. In contrast, the COMPASS-MI approach
provides risk probabilities for myocardial infarc-
tion using a wide range of cutoff combinations
of high-sensitivity troponin I or T concentrations,
as well as thresholds that are based on either
early or late serial sampling. The assignment of
patients to the low-risk category may allow for
the discharge of patients after other life-threat-
ening causes of chest pain have been ruled out.

N ENGL ) MED 380;26

NEJM.ORG

Patients assigned to the high-risk category have
a high prevalence of myocardial infarction and a
high risk of death. Therefore, the majority of
these patients are candidates for early invasive
strategies. It would be important for all the re-
maining patients (those fulfilling neither the
low-risk nor high-risk criteria) to undergo de-
tailed clinical evaluation, monitoring, further
diagnostic testing, and invasive strategies as
appropriate.

Previous studies have shown a strong associa-
tion of high-sensitivity troponin concentrations
and cardiovascular risk among patients with
acute coronary syndrome and in the general
population.””?* However, considerable uncertainty
exists with respect to patients presenting to the
emergency department with persistently high but
nondynamic concentrations of high-sensitivity
troponin who do not receive a diagnosis of myo-
cardial infarction. To estimate risk among such
persons, we compared the incidence of myocar-
dial infarction or death in the acute study popu-
lation of patients in whom myocardial infarction
had been ruled out with the incidence in the
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Figure 3. Long-Term Risk—Prediction Charts.

(Panel B). In Panel B, comparison is made between patient

Shown is the estimated risk of death or M| within 1 or 2 years among patients who presented to the emergency de-
partment with symptoms suggestive of acute Ml in whom M| was ruled out. Data are shown for increasing concen-
trations (measured in nanograms per liter) of high-sensitivity troponin | (Panel A) and high-sensitivity troponin T

general population; patients were matched for age, sex, presence or absence of hypertension, presence or absence
of diabetes, smoking status, and presence or absence of dyslipidemia. Owing to the low rate of detectable concen-
trations in young and healthy persons, high-sensitivity troponin T was not measured in the general population. No
adjustment for multiple testing was performed. For simplicity, these risk estimates are presented without 95% confi-
dence intervals. Full lists of data with 95% confidence intervals are provided in Table S7 in Supplementary Appendix 1.

s in the acute study population and persons from the

matched general population. In both popula-
tions, high-sensitivity troponin concentrations
were strongly associated with risk of subsequent
myocardial infarction or death. These data sug-
gest that the concentration of high-sensitivity
troponin may be useful as a risk-prediction bio-
marker as well as a diagnostic test.

Some limitations of the study merit consider-
ation. The diagnosis of myocardial infarction,
which was based on adjudication within each
cohort, did not involve a harmonized standard
operating procedure. In addition, our analyses
included study populations that had different
pretest probabilities of myocardial infarction.
This might lead to overestimation or underesti-
mation of diagnostic probabilities in different
scenarios. A large percentage of the final diag-
nosis adjudications within the individual studies
was performed with the use of the high-sensitivity
troponin T data. Consequently, the risk-proba-
bility calculation that was based on the high-

sensitivity troponin T data might be slightly
skewed in favor of the test. High-sensitivity tro-
ponin I concentrations that were determined in
the general population were measured in sam-
ples that had been stored for up to two decades,
which might have affected long-term stability.
However, earlier studies showed high stability
even after long-term storage.?*

In conclusion, in the COMPASS-MI project,
we developed a tool that integrated the high-
sensitivity troponin I or troponin T concentra-
tion at presentation, its dynamic change during
serial sampling, and the time between the ob-
taining of samples to allow for the estimation of
both the probability of myocardial infarction on
emergency department presentation and 30-day
outcomes. We also provided estimates of long-
term risk on the basis of the initial concentra-
tion of high-sensitivity troponin at presentation
among patients in whom myocardial infarction
was ruled out.
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