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Using historical cardiac troponins to identify patients
at a high risk of myocardial infarction

Andreas Roos © ,"* Gustaf Edgren?

ABSTRACT

Objective Many patients who present with chest

pain have previous measurements of high-sensitivity
cardiac troponin T (hs-cTnT). The clinical usefulness

of incorporating these measurements in identifying
patients who are at a high risk of myocardial infarction
(MI) is unknown. We investigated if the relative change
between a historical hs-cTnT and the admission hs-cTnT
could improve early identification of patients with a high
risk of MI.

Methods We included all patients presenting with
chest pain to seven different emergency departments
(EDs) in Sweden from December 2009 to December
2016, who had at least one hs-cTnT measurement

at the presentation and at least one available

prior measurement. We used logistic regression to
investigate the diagnostic performance of using

various combinations of current and historical hs-cTnT
measurements in diagnosing M1 within 30 days.
Results A total of 27809 visits were included, among
whom 2686 (9.7%) had an MI within 30 days. A cut-off
value for historical hs-cTnT-adjusted admission hs-cTnT
with similar specificity (91.2%) as an admission hs-cTnT
of =52 ng/L identified 4% more Mls (43% vs 39%) and
had a higher positive predictive value, 42.6% (95% Cl,
41.0% to 44.3%) vs 38.9% (95% Cl 37.4% to 40.4%),
as well as a higher positive likelihood ratio, 6.95 (95%
C16.69 10 7.22) vs 5.95 (95% Cl 5.73 to 6.18). Among
patients with an admission hs-cTnT of <52 ng/L who
were classified as high-risk patients when incorporating
past hs-cTnT measurements, 28% suffered an MI.
Conclusions Historical hs-cTnT levels can be used with
admission hs-cTnT to improve early risk stratification of
Ml in the ED.

INTRODUCTION

The use of high-sensitivity cardiac troponin (hs-
cTn) assays in clinical practice has improved the
early diagnosis of myocardial infarction (MI) in
emergency department (ED) patients with chest
pain.’™ Several hs-cTn-based algorithms for risk
stratification exist, which help clinicians to triage
patients towards rule-in or rule-out already at first
presentation.”” Current guidelines from the Euro-
pean Society of Cardiology (ESC) for the manage-
ment of patients with a suspected non-ST segment
acute coronary syndrome (NSTE-ACS) recommend
the use of a 0-and-1-hour algorithm which iden-
tifies patients with an admission hs-cTnT concen-
tration of =52ng/L as having a high risk of MI,
among whom prompt management and treatment
are required.®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The clinical role of historical high-sensitivity
cardiac troponin T (hs-cTnT) concentrations in
risk stratification of patients with chest pain in
the emergency department (ED) is unknown.

= We investigated if the relative change between
a historical hs-cTnT measurement and the 0-
hour hs-cTnT could improve early identification
of patients with a high risk of MI.

WHAT THIS STUDY ADDS

= We found that a novel historical-hs-cTnT-based
strategy with similar specificity (91.2%) as
an admission hs-cTnT of =52 ng/L identified
4% more Mls (43% vs 39%) and had a higher
positive predictive value, 42.6% (95% Cl 41.0%
to 44.3%) vs 38.9% (95% Cl 37.4% to 40.4%).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The use of a novel historical-hs-cTnT-based
strategy could ultimately lead to prognostic
improvements, as a rapid diagnosis of Ml is
essential for the early initiation of evidence-
based and effective therapies.

Hs-cTnT measurements from prior visits are
often available in patients presenting to the ED with
symptoms suggestive of an acute ML’ The clin-
ical usefulness of incorporating previous hs-cTnT
measurements is unclear, but merits further atten-
tion as they could potentially help to improve iden-
tification of patients who are at a high risk of MI.

Using a large cohort of patients with a primary
report of chest pain in the ED, we sought to inves-
tigate if the change between a historical hs-cTnT
concentration and the admission hs-cTnT could
be used to improve early risk stratification for an
evolving MI.

METHODS

Data sources

The study was based on data from seven large EDs
in Stockholm and Géteborg, Sweden, between 1
December 2009 and 1 December 2016. Each hospi-
tal’s local administrative database was used to identify
all ED visits by adult patients during the study period.
Laboratory data were obtained from the hospitals’ IT
Departments. The Elecsys 2010 system (Roche Diag-
nostics, Mannheim, Germany) was used to analyse
hs-cTnT levels at all sites. This assay has a detection
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Coronary artery disease

Visits to 5 different emergency
departments in Sweden due to chest pain
December 9, 2009 — December 1, 2016
n=263,550

Visits without any
hs-cTnT measured
n=70,604

Visits with 21 hs-cTnT measured
n=192,946

Visits without hs-cTnT
measurements registered prior

to the visit
>1 hs-cTnT registered prior to n=116,620
the visit in the emergency
department
n= 76,326
Visits with
STEMI
n=418

Visits with a negative or no A hs-cTnT
: between the historical hs-cTnT and the :
: 0 h hs-cTnT :

- n= 48,099
Visits with a positive A hs-cTnT 3 froweseseseseseeeees
i between the historical hs-cTnT and }

the 0 h hs-cTnT

Figure 1  Selection of the study population. hs-cTnT, high-sensitivity
cardiac troponin T; STEMI, ST-segment elevation myocardial infarction.

limit of 5 ng/L, a 99th percentile cut-off point of 14 ng/L, and a coef-
ficient of variation of <10% at 13 ng/L.!

Data on ED visits and laboratory data were thereafter sent
to the Swedish National Board of Health and Welfare for
ascertaining information on comorbidities, use of medication
and mortality, including causes of death, using data from the
National Patient Register (NPR), the Prescribed Drug Register
and the Cause of Death Register, respectively.'’ ! Further details
on MI diagnoses were obtained from The Swedish Web system
for Enhancement and Development of Evidence-based care in
Heart disease Evaluated According to Recommended Therapies
(SWEDEHEART) register.'?

Study population

All visits with a primary complaint of chest pain were identi-
fied in the study base. After excluding visits associated with a
STEMI diagnosis, we analysed all visits with at least one hs-cTnT
concentration measurement, at least one historical hs-cTnT
concentration measurement available, and where there was an
increase between the historical hs-cTnT and the first hs-cTnT
concentration measured at the ED visit (figure 1).

Outcomes and comorbidities

The primary outcome was an MI diagnosis within 30 days of
the index date, which was defined as a discharge diagnosis from
the NPR of 121 or 122, and/or as an MI diagnosis registered in
the SWEDEHEART register. Secondary outcomes were all-cause
mortality and cardiovascular mortality within 30 days. Cardio-
vascular death was defined as a cause of death in the I-chapter,
or R960-R961, according to the International Classification of
Disease (ICD), Revision 10. Follow-up for all outcomes ended
on 31 December 2016.

Comorbidities were based on all discharge diagnoses regis-
tered before the date of the ED visit, coded according to ICD-10
in the NPR. Ongoing medication usage was defined as at least two
dispensed prescriptions of a particular type during the year preceding
the index date. Estimated glomerular filtration rate (eGFR) was

calculated based on most recent creatinine concentration, using the
Chronic Kidney Disease Epidemiology Collaboration equation.'

Definitions of hs-cTnT measurements

The 0-hour hs-cTnT was defined as the first hs-cTnT measure-
ment at the index visit, and the historical hs-cTnT as the most
recently registered hs-cTnT concentration. Hs-cTnT concentra-
tions below the limit of detection of <5ng/L were assigned a
value of 4.9 ng/L. The relative change between the historical and
the O hour hs-cTnT was calculated as

AHs—cTnT : (hs — ¢TnTy phs — cTnThigorical)/hs — ¢TnThigeorical.

To explore the usefulness of combining information about the
historical hs-cTnT concentration with the hs-cTnT concentra-
tions measured at the index visit, a historical-adjusted 0-hour
hs-cTnT was calculated as the product of the relative change (ie,
Ahs-cTnT) and the 0-hour hs-cTnT according to the following
equation:

Hs — ¢TnTy y historicaladjusted = (Ahs — cTnT)x(hs — cTnT, b)),

In addition to the historical adjusted hs-cTnT, we also inves-
tigated the diagnostic performance of using only the 0-hour
hs-cTnT or only the Ahs-cTnT. Different combinations of histor-
ical hs-cTnT and 0-hour hs-cTnT concentrations, with corre-
sponding Ahs-cTnT and historical-adjusted 0-hour hs-cTnT, are
presented in online supplemental table 1.

Statistical analysis

The diagnostic performance of three different hs-cTnT-based
diagnostic strategies for MI were evaluated, that is, using (1) only
the 0-hour hs-cTnT concentration, (2) using only the relative
change between the historical and admission hs-cTnT (e, the
Ahs-cTnT) and (3) using the historical-adjusted 0-hour hs-cTnT.

A cut-off value of 52ng/L for the 0-hour hs-cTnT was used
as recommended by the ESC 0/1-hour algorithm for identi-
fying patients at a high risk of ML® Cut-off values for the two
other hs-cTnT-based strategies were optimised according to the
different measures of the receiver operational curve (ROC).
Additional cut-off values were derived to meet the diagnostic
performance of a cut-off for the 0-hour hs-cTnT of 52ng/L.
Separate analyses restricted to patients with a second hs-cTnT
measured at the ED visit were performed.

Quantile regression was used to estimate predictors of median
historical hs-cTnT and Ahs-cTnT. Logistic regression models were
used to estimate the risk of primary and secondary outcomes in
patients in different tertiles of relative change between the historical
and the 0-hour hs-cTnT, and of historical-adjusted 0-hour hs-cTnT,
respectively, using the lowest tertile as the reference. The models
were run both unadjusted and adjusted for the following covariates,
which were selected a priori based on clinical relevance: age, sex,
eGFR, prior MI, heart failure, prior stroke, prior chronic obstructive
pulmonary disease, atrial fibrillation, diabetes and treatment with
cardiovascular medications. Robust SEs were used. All analyses were
conducted using SAS software V.9.4.

Patient and public involvement
Patient or public involvement was not feasible or appropriate
for this study.

RESULTS

Study population

Altogether, 75908 patient visits with historical hs-cTnT concen-
trations available were identified (figure 1). Among these, 27809
(37%) visits had a positive Ahs-cTnT and were included in the
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Table 1 Patient characteristics
Visits with M1 Visits without MI

Number of visits 2686 (9.7) 25123 (90)
Age (years), median (IQR) 76 (66-84) 71 (60-81)
Women 1073 (40) 10999 (44)
Comorbidities

Prior Ml 1213 (45) 6411 (26)

Prior revascularisation 1059 (39) 6719 (27)

Prior stroke 419 (16) 3022 (12)

Heart failure 7968 (32) 957 (36)

Diabetes 890 (33) 6407 (26)

Hypertension 2020 (75) 16693 (66)

Atrial fibrillation 731 (27) 8095 (32)

Dialysis 77 (2.9) 321(1.3)

COPD 382 (14) 3839 (15)
Laboratory data

First hs-cTnT concentration (ng/L), 55 (27-161) 14 (8-26)

median (IQR)

Historical hs-cTnT concentration, (ng/L), 16 (9-33) 9 (5-18)

median (IQR)

Relative change between historical and  166% (52-602)  29% (14-63)

first hs-cTnT concentration, median (IQR)
132 (119-145) 135 (123-146)
2480 (664-6593) 1020 (280-3334)

Haemoglobin (g/L), median (IQR)
Nt-pro-BNP (ng/L), median (IQR)
eGFR (mL/min/1.73 m?):

>60 1510 (56) 17113 (68)
30-59 882 (12) 6574 (26)
<30 292 (11) 1439 (5.7)
Medications
Aspirin 1507 (56) 10374 (41)
P2Y12 inhibitors* 460 (17) 2850 (11)
Any platelet inhibitort 1653 (62) 11585 (46)
Beta-blockers 1686 (63) 14391 (57)
ACEIi/ARB 1497 (56) 12719 (51)
Statins 1336 (50) 10563 (42)
DOAC 76 (2.8) 1018 (4.1)
OACH 386 (14) 4891 (19)
Warfarin 317 (12) 3961 (16)
Mortality within 30 days
All-cause mortality 163 (6.1) 424 (1.7)
Cardiovascular mortality 126 (4.7) 214 (0.9)
Non-cardiovascular mortality 37 (1.4) 210 (0.8)

Data are presented as n (%), or median with IQR.

*Includes treatment with clopidogrel, ticagrelor, dipyradimole or prasugel.
tIncludes treatment with aspirin or P2Y12 inhibitors.

tIncludes treatment with NOAC or warfarin.

ACEIi/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker;
COPD, chronic obstructive pulmonary disease; DOAC, direct oral anticoagulants;
eGFR, estimated glomerular filtration rate; hs-cTnT, high-sensitivity cardiac troponin
T; MI, myocardial infarction; Nt-pro-BNP, N-terminal pro b-type natriuretic peptide;
OAC, oral anticoagulants.

analyses. A diagnosis of MI was made in conjunction with 2686
(9.7%) of these visits (figure 1, table 1). Patients with MI were
older, had a lower eGFR and a higher prevalence of cardiovas-
cular comorbidities.

Patients within the highest tertile of historical-adjusted 0-hour
hs-cTnT were older and had a higher burden of cardiovascular
disease compared with patients within lower tertiles (online
supplemental table 2). The most common discharge diagnoses in

the highest tertile were symptom diagnoses (ICD codes R00-09)
followed by MI (online supplemental table 3).

Among the 48099 (64%) patient visits where the 0-hour
hs-cTnT was stable or had decreased compared with the most
recent historical measurements (3.6%) MIs occurred (figure 1).
Characteristics of these patients are presented in online supple-
mental table 4. The strongest predictor for historical hs-cTnT
concentrations and Ahs-cTnT in both unadjusted and adjusted
models was eGFR (online supplemental table 5).

Performance for diagnosing myocardial infarction

The overall diagnostic performance for an MI diagnosis was
lower for the relative Ahs-cTnT, in pairwise comparisons)
and slightly lower for the 0-hour hs-cTnT, compared with the
historical-adjusted 0-hour hs-cTnT (AUC 0.80, 95% CI 0.79 to
0.81, AUC 0.84, 95%CI 0.83 to 0.85, and AUC 0.85, 95%CI
0.84 to 0.86, respectively, with p values of <0.0001and 0.011
in pairwise comparisons with the historical-adjusted Ohour
hs-cTnT) (figure 2A-C).

The adjusted risk of MI was increased within higher tertiles of
both relative Ahs-cTnT and historical-adjusted 0-hour hs-cTnT,
being 2-fold and 17-fold elevated (adjusted OR 2.08, 95% CI
1.71 to 2.52, and adjusted OR 16.7, 95% CI 14.0 to 20.0) at the
intermediate and highest tertiles of historical-adjusted 0-hour
hs-cTnT, respectively (figure 3).

A cut-off for the relative Ahs-cTnT optimised according to the
Youden’s ] Index yielded a specificity of 83.4 (80.3-86.6), a posi-
tive predictive value (PPV) of 30.0 (28.4-30.7) and a positive
likelihood ratio (LR+) of 3.92 (3.78-4.08), while corresponding
numbers for historical-adjusted 0-hour hs-cTnT concentrations
were 86.0 (95% CI 82.8 to 89.4), 34.9 (95% CI 33.6 to 36.3)
and 5.02 (95% CI 4.83 to 5.22), respectively (table 2).

Comparison of diagnostic performance

An admission hs-cTnT concentration of =52ng/L identified
3629 (13%) high-risk patients, of whom 1411 (39%) had an MI,
resulting in a specificity of 91.2% (95% CI 87.8 to 94.7), a PPV
of 38.9 (95% CI 37.4 to 40.4) and a LR+of 5.95 (95% CI 5.73
to 6.18), respectively (table 3, figure 4). Using a cut-off value
for historical hs-cTnT-adjusted admission hs-cTnT calibrated to
have the same specificity (91.2%) as a cut-off of 52 ng/L for the
0-hour hs-cTnT generated a similar proportion of ‘true’ nega-
tives, but identified a larger number of high-risk patients (3852,
14%) among whom a higher fraction suffered an MI (1642,
43%) (table 3). Thus, this strategy identified 16% more MIs
(1642 vs 1411 patients) than a 0-hour hs-cTnT =52ng/L. The
corresponding PPV was 42.6 (95% CI 41.0 to 44.3) and the
LR+ was 6.95 (95% CI 6.69 to 7.22), respectively.

A cut-off value for historical hs-cTnT-adjusted admission
hs-cTnT calibrated to identify a similar proportion of high-risk
patients (13%) as with an admission hs-cTnT concentration
of =52ng/L resulted in a specificity of 91.9 (95% CI 88.5 to
95.5), a PPV of 44.3 (95% CI 42.6 to 46.0) and a LR + of 7.43
(95% CI 7.16 to 7.72), respectively, and identified 14% more
patients with MI (1608 vs 1411 patients) (table 3).

Altogether, 1275 (5.3%) MIs occurred among all other
24180 patients assigned to low or intermediate risk
according to the 0-hour hs-cTnT (figure 4). The application
of a cut-off for the historical hs-cTnT-adjusted admission
hs-cTnT with a similar specificity (91.2%) reclassified 1300
(5.4%) patients in the low-risk or intermediate-risk group
to high-risk, of whom almost one-third (28%) had an MI.
Correspondingly, this strategy identified two-thirds (70%)
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Figure 2 Receiver operating characteristic curves (ROCs) of the
different hs-cTnT-based strategies for diagnosing myocardial infarction.
(A) All visits. (B) vVsits with 0-hour hs-cTnT 12-51 ng/L. (C) Visits with
0-hour hs-cTnT =52 ng/L. hs-cTnT, high-sensitivity cardiac troponin T.

of patients assigned to the high-risk group according to
the 0-hour hs-cTnT, in whom 50% had an MI. In a sepa-
rate analysis on all patients who had a second hs-cTnT
measured, this approach identified 1051 (15%) high-risk
patients among those assigned to the observational zone
(7025, 47%) according to the ESC 0/1-hour algorithm, and
resulted in a specificity, PPV and LR + of 86.3 (77.2-96.7),

No. of events (%) 0Odds ratio [95% ClI]

Relative hs-cTnT change
Myocardial infarction

Lowest tertile 299 (3.3) Ref. u

Intermediate tertile 371(4.0) 1.31[1.12-1.53] -

Highest tertile 2016 (21) 8.56 [7.51-9.75] -
All-cause mortality

Lowest tertile 116(1.3) Ref. u

Intermediate tertile 142 (1.5) 1.36[1.06-1.74] ——

Highest tertile 329(3.5) 2.86[2.30-3.56] -
Cardiovascular mortality

Lowest tertile 64(0.7) Ref. L

Intermediate tertile 78 (0.8) 1.38[0.99-1.93] —-—

Highest tertile 198(2.1) 3.11[2.33-4.16] ——
Historical adjusted hs-cTnT
Myocardial infarction

Lowest tertile 157 (1.7) Ref. L

Intermediate tertile 330(3.6) 2.08(1.71-2.52] -

Highest tertile 2199 (29) 16.7 [14.0-20.0] -
All-cause mortality

Lowest tertile 44.(0.5) Ref. L

Intermediate tertile 102(1.1) 1.80[1.26-2.57] —a—

Highest tertile 441 (4.7) 5.67 [4.13-7.80] —u—
Cardiovascular mortality

Lowest tertile 23(03) Ref. u

Intermediate tertile 50 (0.5) 1.62[0.99-2.67] —a—

Highest tertile 267 (2.8) 5.78[3.74-8.93] ——

T T T T T
05 1 23 5 10 20

Figure 3  Adjusted risk of myocardial infarction, all-cause mortality
and cardiovascular mortality within tertiles of relative Ahs-cTnT and
historical-adjusted hs-cTnT. The model was adjusted for the following
covariates: age, sex, eGFR, prior MI, heart failure, prior stroke, prior
chronic obstructive pulmonary disease, atrial fibrillation, diabetes, and
treatment with aspirin, P2Y12 inhibitors, oral anticoagulants, beta-
blockers, angiotensin-converting enzyme inhibitor/angiotensin receptor
blockers, and statins. eGFR, estimated glomerular filtration rate; hs-cTnT,
high-sensitivity cardiac troponin T; MI, myocardial infarction.

12.9 (11.6-14.5) and 3.12 (2.83-3.54), respectively (online
supplemental figure 1).

All-cause mortality and cardiovascular mortality

Altogether, 587 (2.1%) patients died within 30 days of the index
visit, of whom 163 (28%) had an MI at the index presentation
(table 1). The adjusted risk of all-cause mortality within 30 days
was almost threefold and sixfold higher in patients within the
highest tertile of relative Ahs-cTnT and historical-adjusted 0-hour
hs-cTnT, compared with the lowest tertile (OR 2.86, 95% CI
2.30 to 3.56, and OR 5.67, 95%CI 4.13 to 7.80, respectively)
(figure 3). A total of 340 (1.2%) cardiovascular deaths occurred.
The corresponding adjusted risk was most notably increased in
patients within the highest tertile of historical-adjusted 0-hour
hs-cTnT (OR 5.78, 95%CI 3.74 to 8.93).

In patient with a negative Ahs-cTnT>20%, 78 (5.8%) and
179 (1.2%) deaths occurred in patients with and without MI,
respectively, while corresponding numbers in patients with nega-
tive Ahs-cTnT of 0% to 20% were 24 (5.9%) and 137 (0.4%)
(online supplemental table 4).

DISCUSSION

Using a large cohort of patients presenting with chest pain to
the ED, we investigated different strategies for incorporating
historical hs-cTnT measurements in the management of patients
with chest pain. In clinical practice, more than one-third of all
patients with chest pain in the ED with troponin testing have had
hs-cTnT concentrations measured at prior visits.” ™*
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Table 2 Diagnostic performance of relative change between historical and admission hs-cTnT concentrations for myocardial infarction

Cut-off  Sensitivity
level (A) (95%Cl)

Specificity PPV NPV LR+
(95%Cl) (95%Cl) (95%Cl) (95%Cl)

Relative change between historical and admission

hs-cTnT
ROC-optimised cut-off values for MI
Youden's J Index 85% 65.2 [62.7 t0 67.7)
Minimised Euclidean distance of sensitivity and 67% 70.1 [67.5 to 72.9)
specificity
Min (sensitivity-specificity) 59% 73.0 [70.3 to 75.9)
Sensitivity optimised cut-off (=90%) 18% 90.0 [86.6 to 93.4)
Specificity optimised cut-off (=90%) 125% 56.4 [54.3 to 58.6)

Historical hs-cTnT-adjusted admission hs-cTnT
ROC-optimised cut-off values for MI

Youden's J Index 23.1 70.1 [67.4t0 72.8)
Minimised Euclidean distance of sensitivity and 15.3 75.1[72.3 t0 78.1)
specificity

Min (sensitivity-specificity) 13.1 77.3[74.4 10 80.3)
Sensitivity optimised cut-off (=90%) 4.48 90.1 [86.7 to 93.6)
Specificity optimised cut-off (=90%) 34.6 63.9 [61.5 to 66.4)

83.4 [80.3 to 86.6)
77.8[74.9 10 80.8)

30.0 [28.4 t0 30.7)
25.3[24.31026.2)

95.7 [92.1 t0 99.4)
96.1[92.5 to 99.8)

3.92 [3.78 to 4.08)
3.16 [3.04 to 3.28)

73.0[70.3 t0 75.9)
32.3[31.1t0 33.6)
90.1 [86.7 to 93.6)

22.5[21.6t023.3)
12.4[12.0t0 12.9)
37.8[36.4 t0 39.2)

96.2 [92.6 to 99.9)
96.8 [93.2 to 100)
95.1[91.5 to 98.8)

2.71[2.61 t0 2.81)
1.33[1.28 t0 1.38)
5.68 [5.46 to 5.90)

86.0 [82.8 to 89.4)
80.3[77.4 10 83.4)

34.9[33.6 t0 36.3)
29.0[27.9 t0 30.1)

96.4 [92.8 to 100)
96.8 [93.2 to 100)

5.02 [4.83 10 5.22)
3.81[3.67 to 3.96)

77.1[74.2 10 80.1)
52.4 [50.4 to 54.4)
90.0 [86.6 t0 93.5)

26.5 [25.5 to 27.5)
16.8[16.2 t0 17.5)
40.6 [39.1 t0 42.2)

96.9 [93.3 to 100)
98.0 [94.4 to 100)
95.9 [92.3 t0 99.6)

3.38[3.25t0 3.51)
1.89[1.82 t0 1.97)
6.39 [6.15 to 6.64)

hs-cTnT, high-sensitivity cardiac troponin T; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

We report three major findings. First, we found that a novel
hs-cTnT-based strategy that incorporated historical hs-cTnT and
0-hour hs-cTnT concentrations identified a larger number of
high-risk patients, without more false positives, and concomi-
tantly identified 4% more Mls, in absolute terms, than a 0-hour
hs-cTnT of =52 ng/L. The currently recommended ESC 0/1-hour
algorithm triage patients with a 0-hour hs-cTnT of =52ng/L to
high-risk group, while the majority of patients would be assigned
to an observational or low-risk group.’ 7 > 1 This threshold has
been found to triage >10% of patients with chest pain towards
rule-in with a corresponding PPV for MI of 80%, while others
have reported a PPV around 70%-75% in patients who meet the
rule-in criteria of the ESC 0/1-hour algorithm at 1hour.” '~
The proportion of patients with a 0-hour hs-cTnT =52 ng/L was
similar compared with that reported in a recent large multicentre
diagnostic study on chest pain cohorts, although the MI inci-
dence and concomitant PPV for MI was substantially lower. '’
This observation likely reflects the effect of variable patient
selection where the PPV will invariably be affected by the MI

incidence among patients who undergo cardiac troponin testing
in the ED.?® That said, our findings demonstrate that incorpo-
rating historical hs-cTnT measurements can improve the iden-
tification of high-risk patients, which ultimately could lead to
prognostic improvements as a rapid diagnosis of MI is essential
for the early initiation of evidence-based therapies.® However,
neither the 0-hour hs-cTnT or this novel approach resulted in
PPV and/or LR for rule-in of MI that would motivate the use of
any of these strategies alone when identifying patients eligible
for early coronary angiography and possible intervention.'®
Nonetheless, prior studies indicate that the addition of clinical
information could improve the diagnostic accuracy of hs-cTn-
based strategies.”’™** As such, it seems reasonable to believe that
adding information, such as risk scores or ECG, would further
improve the performance of the present strategy.

Second, we found that 5.4% of patients assigned to low-risk or
intermediate-risk groups according to the 0-hour hs-cTnT were
reclassified as high-risk patients with the novel strategy. Prior
studies on selected chest pain cohorts have typically reported

Table 3 Diagnostic performance of different measures of hs-cTnT concentrations for myocardial infarction

Admission hs-cTnT

Historical hs-cTnT-adjusted admission hs-cTnT

Relative change between historical and admission hs-cTnT

Calibration n/a Specificity No. patients ruled-in ~ Sensitivity PPV Specificity No. patients ruled-in ~ Sensitivity PPV

criterion vs

admission hs-cTnT

Cut-off level >52ng/L >40.2 >44.4 >75.8 >30.9 >137% >137% >150% >130%
Specificity, 91.2 91.2 91.9 94.8 89.1 91.2 913 92.5 90.7

%(95% Cl) (87.8 10 94.7) (87.8t094.8)  (88.5t0 95.5) (91210985 (85.7t092.5) (87.8t094.8)  (87.9t0 94.9) (89.1t096.1) (87.3-94.3)
Rule-in, n (%) 3629 (13) 3852 (14) 3631 (13) 2724 (9.8) 4499 (16) 3666 (13) 3648 (13) 3287 (12) 3813 (14)
Sensitivity, 52.5 61.1 59.9 52.5 65.3 54.2 54.2 52.3 55.2

%(95% Cl) (50.6 to 54.6) (58.8t063.5 (57.6t062.2) (50.6 t0 54.6)  (62.9t067.8) (52.2t056.4)  (52.1 t0 56.3) (50.4 to 54.4) (53.2 t0 57.4)
PPV, % 38.9 42.6 443 51.8 39.0 39.7 39.9 42.8 38.9

(95% Cl) (37.4 10 40.4) (41.0t044.3)  (42.6 to 46.0) (49.9t053.8) (37.5t040.5) (383t041.3) (38.4t041.4) (41.2t0 44.4) (37.5 t0 40.4)
MI<30 days, n (%) 1411 (39) 1642 (43) 1608 (44) 1411 (51) 1754 (39) 1457 (40) 1455 (40) 1406 (43) 1484 (39)

FP, n (%) 2218 (61) 2210 (57) 2023 (56) 1313 (49) 2745 (61) 2209 (60) 2193 (60) 1881 (57) 2329 (61)
Efficacy, % 87.4 883 88.8 90.7 86.8 87.6 87.7 88.6 87.3

(95% CI) (84.2 10 90.8) (85.0t091.7)  (85.51092.3) (87.3t094.2) (83.5t090.2) (84.41t091.0) (84.4t091.1) (85.3t092.1) (84.0t0 90.7)
LR+ 5.95 6.95 7.43 10.1 5.98 6.17 6.21 6.99 5.96

(95% Cl) (5.73 10 6.18) (6.69t07.22) (7.16t0 7.72) (9.68t010.4) (5.75t06.21) (5.94t06.41)  (6.00 to 6.47) (6.73t07.26) (5.74 10 6.19)

FP, false positives; hs-cTnT, high-sensitivity cardiac troponin T; LR+, positive likelihood ratio; MI, myocardial infarction; NPV, negative predictive value; PPV, positive predictive value.
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hs-cTnT in relation to a historical
hs-cTnT concentration

Patients with chest pain and increase in0h )
N= 27,809 (100%) Y,
I

Low or intermediate risk
0 h hs-cTnT <52 ng/|
N= 24,180 (87%)

Rule-out or
observational zone
MI: 1275 (5.3%)

Historical-adjusted hs-cTnT cut-off for rule-in of MI
PPV: 28.2 [26.7-29.8]
LR+: 7.07 [6.68-7.47]
Specificity: 95.9 [90.7-100]

High risk
0 h hs-cTnT 252 ng/|
N=3629 (13%)

Rule-in
MI: 1411 (39%)

Historical-adjusted hs-cTnT cut-off for rule-in of MI
PPV: 50.0 [47.4-52.7]
LR+: 1.57 [1.49-1.65]
Specificity: 42.4 [40.3-44.7]

N= 22,880 (95%)
MI: 908 (4.0%)
Proportion of Mis in low risk or
observational zone (FN): 71%

N= 1300 (5.4%)
MI: 367 (28%)
Proportion of Mls in low risk or
observational zone (TP): 29%

N= 1077 (30%)
MI: 136 (13%)
Proportion of Mis
in rule-in zone (FN): 10%

N= 2552 (70%)
MI: 1275 (50%)
Proportion of Mis
in rule-in zone (TP): 90%

Figure 4 Diagnostic performance of historical-adjusted hs-cTnT for diagnosing myocardial infarction in patients risk-stratified according to the ESC
0/1-hour algorithm. The numbers are shown with percent in parentheses. Note: No patients had a very low risk according to the 0-hour hs-cTnT (ie, a
0-hour hs-cTnT <5ng/L), as only patients with a positive Ahs-cTnT were included. FN, false negative; hs-cTnT, high-sensitivity cardiac troponin T; LR+,
positive likelihood ratio; MI, myocardial infarction; PPV, positive predictive value; TP, true positive.

that approximately 60% and 25% of patients are triaged towards
rule-out and observational zone according to the ESC 0/1-hour
algorithm, with varying MI incidence in patients assigned to the
latter group.’ '* ' Management of patients in the observational
zone may be particularly challenging as careful considerations
are needed to identify candidates suitable for invasive or non-
invasive cardiac imaging.® In the present study, almost one of
three patients who were reclassified to high risk according to the
novel strategy had a final MI diagnosis. Thus, historical hs-cTnT
concentrations may help to discriminate patients with a high
clinical likelihood of MI from those with low-to-intermediate
likelihood.

Third, relative Ahs-cTnT and historical-adjusted 0-hour
hs-cTnT were both associated with all-cause and cardiovascular
mortality. These observations indicate that historical-adjusted
0-hour hs-cTnT could add clinical prognostic value in patients
with chest pain regardless of the final diagnosis, considering that
the vast majority of patients did not have an acute MI. Overall,
the most common diagnoses at discharge according to ICD codes
were symptom diagnoses.

The use of historical-adjusted 0-hour hs-cTnT could poten-
tially enhance the ability to identify individuals at a high risk
of cardiovascular events and death, and to target interventions
aiming at reducing the corresponding risks.

Strengths

To our knowledge, this is the first study that has systematically
investigated the usefulness of historical hs-cTnT concentrations
to improve strategies for early rule-in of MI in the ED. The
study data was obtained from validated healthcare registers with
complete nationwide coverage, and thus had virtually no loss to
follow-up.'® ' We had complete data on all covariates used in
the statistical analyses throughout.

The study was conducted at several Swedish hospital sites in
different regions and demographic environments. We believe
that the ability to apply the study findings to other national
hospitals and to healthcare settings in other countries with a
similar healthcare level is high.

Limitations

Visits with a negative or no Ahs-cTnT were not used in the anal-
yses, which limited the generalisability to patients with an increase
between historical hs-cTnT and 0-hour hs-cTnT concentrations.
The inclusion of negative Ahs-cTnT would have relied on the
assumption that any Ahs-cTnT have the same diagnostic impli-
cation regardless of positive or negative change, or that there is
a graded association between the Ahs-cTnT, starting from nega-
tive to positive Ahs-cTnT, and the outcome. We argue that none
of these assumptions would have been appropriate. Also, the
additive value of historical hs-cTnT concentrations to identify
high-risk patients with a negative or no Ahs-cTnT may be limited
considering that the number of MIs was rather low within this
group (3.7%). Our findings indicate that such hs-cTnT concen-
trations may instead be helpful to identify those with low risk in
whom outpatient management after ED discharge may be appro-
priate, preferably in selected cases among patients with no or
small negative Ahs-cTnT in whom the overall observed MI risk
was low (1.3%).

To mimic clinical practice and to avoid selection bias, we used
the most recent hs-cTnT measurement to define the historical
hs-cTnT concentration regardless of the clinical setting where
it was measured. Consequently, some patients with an acute
medical condition associated with myocardial injury in conjunc-
tion with the historical hs-cTnT measurement may have been
incorrectly classified towards a lower risk with the novel histor-
ical approach. Thus, it is important to emphasise that some
patients not assigned to the high-risk group with the novel
historical approach may still be assessed as high-risk patients
based on all other medical information.

Lastly, future research is warranted to explore how the find-
ings from this study could be applied in clinical practice.

CONCLUSIONS

We found that a novel historical-hs-cTnT-based strategy
improved the identification of patients with chest pain at a high
risk of an evolving MI, compared with using only measurements
available at the index visit. Of note, 5.4% of the patients assigned
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to low-risk or intermediate-risk groups were reclassified to high
risk, among whom almost one of three had an MI.
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