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Abstract

Background and 
Aims

Elevated cardiac troponin levels are a frequent finding in emergency department patients, often without a clear cause. 
Current high-sensitivity cardiac troponin T (cTnT) assays measure intact and fragmented cardiac troponin T (total cTnT) 
molecules, without distinguishing between them. This study investigated whether measuring only intact and minimally frag
mented cTnT (long cTnT) provides additional value for myocardial infarction (MI) identification.

Methods Consecutive emergency department patients with standard high-sensitivity cTnT levels (Roche Diagnostics) above the 
upper reference limit (≥14 ng/L) were recruited. Long cTnT levels were measured using a novel immunoassay. The addition
al diagnostic value of long cTnT in identifying patients with type 1 MI or any MI was assessed.

Results A total of 1811 patients participated in the study, 1145 (63.2%) presenting with chest pain or dyspnoea. Overall, 205 (11.3%) 
had MI, including 148 classified as type 1 MI. Only .7% of patients in the lowest long cTnT tertile (<3.7 ng/L) had type 1 MI. 
The discriminative ability of long cTnT was superior to total cTnT in identifying patients with MI (area under curve [95% 
confidence intervals]) for any MI: .833 (.804–.863) vs .782 (.744–.819), and for type 1 MI: .839 (.807–.872) vs .777 
(.735–.819), both (P < .001). Integrating the predictive data from long cTnT with total cTnT provided additional value in 
both reclassification and decision curve analyses, compared to total cTnT data alone.

Conclusions The long cTnT assay demonstrated good diagnostic performance in identifying MI in patients with elevated total cTnT levels, 
with the potential to improve the accuracy of MI diagnosis.

* Corresponding author. Tel: +358504765496, Email: saara.wittfooth@utu.fi
† Equal contribution.
© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, 
distribution, and reproduction in any medium, provided the original work is properly cited.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf975/8371124 by TYKS-Kirurginen sairaala user on 29 D

ecem
ber 2025

https://orcid.org/0000-0002-4460-0994
https://orcid.org/0000-0002-0193-568X
https://orcid.org/0000-0002-7441-0278
https://orcid.org/0000-0001-9453-5687
https://orcid.org/0000-0002-7886-3477
https://doi.org/10.1093/eurheartj/ehaf803
mailto:saara.wittfooth@utu.fi
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehaf975


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Structured Graphical Abstract

Does measuring long forms of cardiac troponin T (long cTnT) improve myocardial infarction (MI) diagnosis?

In the emergency department, in patients with elevated high-sensitivity cardiac troponin T, long cTnT measurement showed a robust
diagnostic performance in identifying those with confirmed MI.

Measuring long cTnT can improve accuracy in diagnosing MI.
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Introduction
Cardiac troponin measurements play an important role in diagnosing 
acute coronary syndromes.1 The introduction of high-sensitivity cardiac 
troponin assays has made minor troponin elevations a frequent finding 
in clinical practice.2,3 However, the vast majority of troponin elevations 
is not caused by acute myocardial infarction (MI), and even fewer by 
type 1 MI—a condition characterized by acute coronary atherothrom
bosis, requiring accurate diagnosis and an early invasive treatment strat
egy.2,4 Indeed, several clinical conditions other than MI are also known 
to cause transient or sustained troponin elevations, complicating the 
diagnosis of MI, and often leading to unnecessary and potentially harm
ful antithrombotic therapy and invasive coronary angiography.5–9

In MI, cardiac troponins are released from ischaemic myocardial tissue 
as a combination of full-length molecules and troponin fragments, which 
then undergo progressive proteolytic degradation.5,6,10,11 However, the 
exact mechanisms of troponin release from the myocardium are not com
pletely understood.12 We hypothesized that particularly in type 1 MI, 
which typically has a more abrupt onset and more profound myocardial 
damage than type 2 MI, troponin elevations would consist mainly of intact 
or longer troponin molecules. In myocardial injury, smaller cardiac tropo
nin fragments have been shown to be responsible for troponin elevations, 
as observed in conditions such as strenuous exercise, Takotsubo syn
drome, end-stage kidney disease, and chronic cardiomyopathies.9,13–18

The troponin release in these settings might be associated with reversible 
mechanisms, such as an increase in cell membrane permeability, rather 
than myocardial cell death.12
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Importantly, the current commercial high-sensitivity cardiac tropo
nin T (cTnT) assays measure both the longer cTnT molecules and 
the highly fragmented shorter forms without distinguishing between 
them. The inability of these ‘total cTnT’ assays to differentiate between 
molecule lengths may contribute to their limited specificity for MI. We 
have recently developed a novel immunoassay to measure intact and 
mildly truncated cTnT forms, referred to as long cTnT, which is both 
simpler and more sensitive than the time-consuming methods previ
ously used to investigate troponin fragmentation.9,19 In this study, we 
aimed to assess whether measuring long cTnT provides additional value 
in identifying MI, particularly type 1 MI, amongst emergency department 
(ED) patients with total cTnT levels above the 99th percentile upper 
reference limit in real-life clinical practice.

Methods
Study cohort
The prospective SuperTROPO study (ClinicalTrials.gov Identifier: 
NCT05858112) recruited consecutive patients with total cTnT levels 
above the upper reference limit (≥14 ng/L) at the ED of Turku University 
Hospital, Turku, Finland, between 8 May 2023, and 30 May 2024 (with a 
summer pause in recruitment from 22 June 2023, to 1 September 2023). 
The inclusion criteria were an ED visit, age >18 years, a high-sensitivity total 
cTnT value ≥14 ng/L upon arrival at the first blood sample, and signed in
formed consent. Only patients with total cTnT levels above the upper ref
erence limit were included, as there is a clinical need to improve the 
diagnostic accuracy for MI in patients with elevated troponin levels. 
Exclusion criteria included inability to provide informed consent, a vulner
able condition (delirium, dementia, or critical illness), pregnancy, and prior 
participation in the study. The ‘cardiac package’ of laboratory tests, including 
the high-sensitivity total cTnT measurement, which was used to screen for 
study inclusion (≥14 ng/L), was ordered at the discretion of the attending 
clinician. This package is typically ordered in the clinical practice of Turku 
University Hospital ED when a cardiac event is suspected or when symp
toms are unclear, and the possibility of a cardiac event cannot be ruled 
out. In addition to high-sensitivity total cTnT, it includes complete blood 
count, plasma C-reactive protein, sodium, potassium, and creatinine.

Patients meeting the inclusion criteria were asked for their consent to 
participate in the study. Patients were recruited from hospital wards or, if 
discharged early from the ED, via mail. Twenty-five per cent of the potential 
study participants were recruited in person during the hospital stay, and 
only a few of them (22 patients) refused to participate. The consent rate 
was slightly below 40% in the discharged patients to whom informed con
sent forms were mailed. In total, 4837 samples were collected. After ex
cluding samples from individuals who did not provide consent, those who 
had previously participated in the study (only the first ED visit was included), 
and samples that were insufficient or haemolytic, a total of 1811 patients 
(38%) were included in the study (see Supplementary data online, Figure S1).

The diagnostic value of troponin measurements has traditionally been va
lidated in selected cohorts of patients presenting with potential symptoms 
of MI, yet defining symptom status in clinical practice is often challenging. 
Moreover, minor troponin elevations present diagnostic difficulties, particu
larly in patients without typical symptoms or findings suggestive of MI. 
Therefore, our primary analysis focused on a broader cohort, i.e. all patients 
presenting to the ED with elevated cTnT levels, regardless of the type of 
acute symptoms. Additionally, we assessed the performance of cTnT assays 
separately in patients presenting with chest pain or dyspnoea.

Definition of myocardial infarction
The main outcome, type 1 MI, was defined in accordance with current clin
ical guidelines.1,20 In brief, type 1 MI was defined as a clinical setting leading 
to acute myocardial ischaemia from an acute coronary atherothrombosis. A 
secondary outcome was any MI, including all cases with evidence of 

myocardial necrosis and clinical features indicative of ischaemia. 
Additionally, we evaluated patients with type 2 MI, defined as acute myocar
dial ischaemia resulting from a mismatch between oxygen supply and de
mand in the myocardium, unrelated to acute coronary atherothrombosis. 
Only MI types 1 and 2 were observed in this cohort, and thus, the term 
‘any MI’ refers in this study to patients with either type 1 or type 2 MI.

The final MI diagnosis was reviewed from patient records of the index hos
pitalization and adjudicated by two cardiologists based on all available clinical 
data: routine laboratory tests (including dynamic changes in total cTnT levels 
in the ED and during hospitalization), electrocardiogram, echocardiography, 
and imaging findings, including cardiac computed tomography angiography 
and conventional angiography. No single algorithm for total cTnT measure
ment was mandated, as serial cTnT sampling was performed at the discretion 
of the treating clinicians when deemed necessary, but the national guidelines on 
acute coronary syndromes advocate the use of the 0/1 h or 0/2 h algorithms 
when clinically applicable.21 A third cardiologist was consulted to resolve any 
disagreements. All adjudicators were blinded to long cTnT values.

Blood sampling
The first routine laboratory samples were collected directly at admission to 
the ED. The samples were analysed fresh for total cTnT as part of the nor
mal clinical practice. Leftover lithium-heparin plasma samples obtained dur
ing this routine baseline (0 h) testing were used as study samples. After total 
cTnT analysis before centrifugation, the leftover samples were kept at 
+4°C. The centrifuged plasma samples were aliquotted into coded vials 
and frozen at −70°C within 12 h of sampling. A stability study was con
ducted to confirm analyte stability at room temperature and at +4°C during 
the maximum period of 12 h between sampling and sample freezing.

Total cardiac troponin T assay
All plasma samples were analysed for total cTnT with the Elecsys Troponin 
T high-sensitivity kit using the Cobas 8000 system (e801 module) (Roche 
Diagnostics GmbH, Mannheim, Germany). The Elecsys Troponin T high- 
sensitivity assay uses two monoclonal antibodies (mAb), which specifically 
target the central part of human cTnT and detect intact, mildly, and heavily 
fragmented cTnT forms. For this assay, as reported by the assay manufac
turer in the package insert, the measuring range is 3–10 000 ng/L with a limit 
of detection of 3.0 ng/L and a limit of quantitation [coefficient of variation 
(CV) ≤10%] of 13 ng/L.

Long cardiac troponin T assay
Our novel highly sensitive two-step heterogeneous sandwich-type im
munoassay based on upconversion luminescence was used for the detec
tion of long (intact and mildly fragmented) molecular forms of cTnT.19

The assay was performed according to the previously published protocol 
except the capture antibody and sample incubations were 60 min instead 
of 30 min.19 These modifications were made to streamline the analysis pro
cess, and they were experimentally proven not to impact the performance 
of the assay. All study samples were analysed in duplicates in batch format. 
The anti-cTnT mAbs and human cardiac troponin ITC complex used as a 
calibrator were obtained from HyTest Ltd (Turku, Finland). The capture 
antibody (7E7 mAb) and the tracer antibody (1C11 mAb) bind to amino 
acid residues (aar) 223–242 and 174–190 of cTnT, respectively. The 
C-terminal region of cTnT between these two epitopes (aar 189–223) con
tains several cleavage sites, and thus, the ability of the assay to detect long 
forms of cTnT is based on targeting all cTnT molecules that are not de
graded at aar 189–223. The limit of detection and limit of quantitation 
(CV 10%) of this assay are .4 and 1.8 ng/L, respectively. The ratio of long 
cTnT forms to total cTnT (troponin ratio) was used as the measure of 
troponin fragmentation.

Study ethics
The study complies with the Declaration of Helsinki, as revised in 2024, and 
the study protocol was approved by the Medical Ethics Committee of the 
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Wellbeing Services County of Southwest Finland. All participants provided 
written informed consent, either by a letter after receiving mailed informa
tion, or in the hospital ward after being informed of the study by the study 
nurse. Retrospective consent was deemed ethically acceptable due to the 
health status of potential study patients at the ED entry stage and the use 
of only leftover samples for research purposes.

Statistical analysis
Descriptive statistics were used to analyse baseline characteristics. 
Categorical variables are presented as counts and percentages, while con
tinuous variables are presented as means with standard deviations or med
ians with interquartile ranges, as appropriate based on distribution. 
Continuous variables were compared using the Mann–Whitney U test or 
Student’s t-test, as appropriate. χ2 test was used to compare categorical 
variables. Correlation between long and total cTnT was assessed using 
Spearman’s rank correlation coefficient.

Receiver operating characteristic curve analyses were conducted to assess 
the area under the curve (AUC) as a measure of the ability of total cTnT and 
long cTnT to discriminate patients with the MI type of interest from other 
patients. Delong test was used to compare AUC values. We also assessed 
the discriminative capacity of the ratio between total cTnT and long cTnT 
(troponin ratio) for identifying MI. Moreover, AUC values for the combin
ation of total and long cTnT were computed using logistic regression. We 
also examined the proportion of patients with MI across tertiles of total 
and long cTnT values. Stratified receiver operating characteristic curve ana
lyses were conducted by sex (men and women), age (<70 or ≥70 years), es
timated glomerular filtration rate (<60 or ≥60 mL/min/1.73 m²; calculated 
with the 2021 Chronic Kidney Disease Epidemiology Collaboration equa
tion), time from symptom onset (<3, <12, or ≥12 h), as well as by excluding 
patients presenting with an ST-elevation MI. Additional analyses explored the 
added value of long cTnT in the clinical setting of smaller troponin elevations 
(total cTnT <200 ng/L).

Optimal cut-offs for total cTnT and long cTnT, maximizing sensitivity and 
specificity, were determined using the Youden index, and corresponding 
positive and negative predictive values (PPV and NPV) were calculated 
based on these thresholds. Additionally, specificity at a sensitivity threshold 
of 90% was calculated, as prioritizing sensitivity is important to minimize 
missed MI cases. Moreover, we assessed these diagnostic metrics for long 
cTnT using the 99th percentile upper reference limit of a healthy reference 
population (7.3 ng/L).22

To assess the benefit of measuring long cTnT for clinical risk classification 
of patients with elevated total cTnT, we used continuous net reclassification 
index (NRI) and decision curve analyses. The continuous NRI ranges from 
−2 to 2 and quantifies the number of cases whose predicted risk increases 
and non-cases whose predicted risk decreases with the new model com
pared to the reference model.23 Values above zero are in favour of the 
new model. Decision curve analyses evaluated the clinical utility of long 
cTnT in MI prediction, assessing the net benefit (true positive rate minus 
the false positive rate) in identifying MIs across a range of possible decision 
thresholds and comparing it to scenarios using only total cTnT data or a 
situation without a diagnostic biomarker.24,25

We assessed the added value of troponin fragmentation data in refining 
MI diagnosis by assessing the composite predictive capacity of using both 
long and total cTnT, as well as their ratio. In these analyses, predicted MI 
probabilities for the NRI and decision curves were calculated using nested 
logistic regression models with continuous variables for total cTnT, long 
cTnT, and their ratio, summarizing the predictive value of incorporating 
long cTnT measurement information into the existing total cTnT data. 
These probabilities were then compared to those from models using total 
cTnT data alone. To mitigate overfitting in the regression models, we per
formed repeated 10-fold random sample cross-validation, generating model 
predictions for each 10% data subset using models trained on the remaining 
90%. Final predicted probabilities were averaged across 10 repetitions.26

The NRI accounts for all changes in predicted risk; however, with continu
ous predictors, there may be very minor shifts in predicted risks, not all of 

which are clinically relevant. To address this, we also computed continuous 
NRI by focusing only on the reclassification of patients whose predicted risk 
changes at least 10% (NRI>10%). Additionally, we performed NRI and deci
sion curve analyses comparing long cTnT with total cTnT by using binary 
variables, based on the abovementioned optimal cut-off values for the MI 
of interest (defined by the Youden index). Bootstrapping with 1000 itera
tions was used to obtain the 95% confidence intervals (CIs) for the NRI. 
All tests were two-sided, with statistical significance assessed using a 
P-value threshold of .05 or the 95% CIs. All analyses were performed 
with R (version 4.2.2, R Core Team, Vienna, Austria).

Results
The final study cohort included 1811 patients (all white Finnish popula
tion) with a total cTnT value ≥14 ng/L, of whom 1145 (63.2%) presented 
with chest pain or dyspnoea. Overall, 205 patients (11.3%) were diag
nosed with MI, including 148 cases (8.2%) of type 1 MI and 57 cases 
(3.1%) of type 2 MI. Of those with type 1 MI, 40 patients had an 
ST-elevation MI. Patients with MI were generally younger, more often 
male, and had a higher prevalence of dyslipidaemia compared to patients 
without MI (Table 1). The age and sex differences were evident between 
patients with type 1 MI and those without MI, but not between type 2 MI 
and non-MI patients. Patients with MI, particularly those with type 1 MI, 
had chest pain more frequently and a known symptom onset time, as well 
as a shorter time from symptom onset (amongst those with a known on
set time) compared to those without MI (Table 1).

Both long and total cTnT levels were higher in all MI categories com
pared to those without MI (all P < .001) (Figure 1 and Table 1). Similarly, 
the troponin ratio, representing the fraction of long cTnT relative to 
total cTnT, was higher in all MI categories than in those without MI (me
dian ratios 32% in any MI and 17% in those without MI; all P < 0. be
tween MI types and no MI; Supplementary data online, Figure S2). 
There were no significant differences in long or total cTnT levels be
tween patients with type 1 MI and type 2 MI (P = .11 and .79, respect
ively). However, the troponin ratio was higher in patients with type 1 MI 
than in those with type 2 MI (median ratios of 33% and 24%, respect
ively; P = .04; Supplementary data online, Figure S2). In patients without 
any MI, there was a weak but statistically significant correlation between 
long and total cTnT (ρ = .34, P < .001), whereas in patients with any MI, 
and particularly in those with type 1 MI, a strong correlation was ob
served (ρ = .75 and .79, respectively; both P < .001). Amongst patients 
without MI, those with higher long cTnT levels were more often male 
and more frequently admitted to the hospital, but had similar age, 
prevalence of comorbidities, proportions of chest pain and dyspnoea 
symptoms, as well as time from symptom onset, compared to those 
with lower long cTnT levels (see Supplementary data online, Table S1).

When all patients were divided into tertiles based on the cTnT va
lues, only .7% of those in the lowest long cTnT tertile had type 1 MI. 
In contrast, in the highest tertile of total cTnT, the proportion of 
type 1 MI and any MI increased substantially in higher tertiles of long 
cTnT (Figure 2 and Supplementary data online, Table S2).

Discriminative performance
When all patients were included in the analysis, the discriminative ability 
of long cTnT was superior to that of total cTnT in identifying patients 
with type 1 MI and any MI (AUC for type 1 MI: .839 vs .777, and for any 
MI: .833 vs .782, respectively, P < .001 for both comparisons; Figure 3
and Table 2). The difference in AUC values of ROC analyses between 
long and total cTnT was slightly more pronounced for type 1 MI than 
for any MI. The specificity of long cTnT for both type 1 MI and any 
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MI was higher (47% vs 31% and 46% vs 32%, respectively) than that of 
total cTnT at the threshold corresponding to 90% sensitivity. When 
using the 99th percentile upper reference limit cut-off from the previ
ously published healthy reference population, the negative predictive 
value for type 1 MI was high at 98% (see Supplementary data online, 
Table S3). Combining total and long cTnT yielded a higher AUC than 
total cTnT alone, yet remaining lower than long cTnT alone (see 
Supplementary data online, Table S4). Both biomarkers performed 

similarly in distinguishing patients with type 2 MI from those without 
any MI (see Supplementary data online, Table S5). Troponin ratio de
monstrated inferior discriminative ability compared to total cTnT for 
both type 1 MI and any MI (see Supplementary data online, Table S6). 
In the subcohort of patients with chest pain or dyspnoea, long cTnT 
outperformed total cTnT in identifying type 1 MI and any MI, aligning 
with findings from the overall cohort (Table 2 and Supplementary 
data online, Figure S3).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Characteristics of the study cohort according to type of myocardial infarction

No MI Any MI P-value Type 1 MI P-value Type 2 MI P-value

n 1 606 205 148 57

Mean age (years) 75.7 (10.8) 70.9 (12.9) <.01 69.1 (13.5) <.01 75.6 (9.9) .73

Female sex 712 (44.3) 71 (34.6) <.01 47 (31.8) <.01 24 (42.1) .74

Atrial fibrillationa 459 (28.6) 16 (7.8) <.01 8 (5.4) <.01 8 (14.0) .02

Chronic kidney disease 183 (11.4) 21 (10.2) .62 16 (10.8) .83 5 (8.8) .54

Coronary artery disease 463 (28.8) 66 (32.2) .32 40 (27.0) .64 26 (45.6) <.01

Diabetes 525 (32.7) 58 (28.3) .20 43 (29.1) .37 15 (26.3) .31

Dyslipidaemia 676 (42.1) 106 (51.7) <.01 73 (49.3) .09 33 (57.9) .02

Heart failure 349 (21.7) 21 (10.2) <.01 16 (10.8) <.01 5 (8.8) .02

Hypertension 1160 (72.2) 144 (70.2) .55 100 (67.6) .23 44 (77.2) .41

Prior myocardial infarction 207 (12.9) 47 (22.9) <.01 31 (20.9) <.01 16 (28.1) <.01

Prior stroke 188 (11.7) 15 (7.3) .06 10 (6.8) .07 5 (8.8) .50

Median body mass index (kg/m2) 27 (24–32) 27 (25–30) .60 27 (25–31) .21 27 (24–30) .32

Median estimated glomerular filtration rate  
(mL/min/1.73 m2)

70 (50–86) 79 (59–94) <.01 81 (61–96) <.01 75 (58–91) .258

Admitted to hospital 1 000 (62.3) 205 (100.0) <.01 148 (100.0) <.01 57 (100.0) <.01

PCI performed 20 (1.2) 124 (60.5) <.01 108 (73.0) <.01 16 (28.1) <.01

Coronary artery bypass grafting planned 5 (.3) 26 (12.7) <.01 20 (13.5) <.01 6 (10.5) <.01

Median highest total cardiac troponin T (ng/L)b 27 (19–45) 383 (122–1196) <.01 518 (136–1713) <.01 237 (93–461) <.01

Classified as myocardial infarction by clinician 34 (2.1) 193 (94.1) <.01 146 (98.6) <.01 47 (82.5) <.01

Known symptom onset time 835 (52.0) 189 (92.2) <.01 138 (93.2) <.01 51 (89.5) <.01

Median time from symptom onset (h)c 11 (4–72) 6 (3–25) <.01 5 (3–27) <.01 8 (4–20) <.01

Chest pain 422 (26.3) 181 (88.3) <.01 136 (91.9) <.01 45 (78.9) <.01

Dyspnoea 709 (44.1) 59 (28.8) <.01 35 (23.6) <.01 24 (42.1) <.01

Median 1st total cardiac troponin T (ng/L) 26 (19–42) 81 (32–220) <.01 74 (34–232) <.01 92 (31–190) <.01

Median long cardiac troponin T (ng/L) 4.8 (3.0–8.4) 21.6 (8.8–74.0) <.01 25.1 (9.5–77.5) <.01 17.8 (6.3–58.3) <.01

Median troponin ratio (long/total cardiac troponin T) .17 (.10–.28) .32 (.18–.58) <.01 .33 (.19–.69) <.01 .24 (.14–.45) <.01

More than one total cardiac troponin T values taken 683 (42.5) 197 (96.1) <.01 143 (96.6) <.01 54 (94.7) <.01

Median total cardiac troponin T of the 2nd sample (ng/L)d 31 (21–58) 255 (73–1065) <.01 330 (82–1457) <.01 171 (66–317) <.01

CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Values are presented as counts (percentages) for categorical variables, and as means (standard deviations) for normally distributed continuous variables, or medians (25th–75th 
percentiles) for non-normally distributed continuous variables, as specified. P-values are compared always to patients without any myocardial infarction.
aAtrial fibrillation at time of cardiac troponin T sample.
bDuring index hospitalization.
cIn patients with known symptom onset time.
dIn patients with 2nd total cardiac troponin T sample taken. Other than for time from symptom onset, there was no missing data for variables shown.
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Subgroup analyses
The results were largely consistent across all subgroup analyses: AUC 
values showed good discriminative ability for long cTnT and were high
er than for total cTnT in identifying type 1 MI and any MI, regardless of 
sex, age, or estimated glomerular filtration rate, although the differ
ences were not statistically significant in some subgroups with a small 
number of patients (see Supplementary data online, Table S7). The re
sults were also similar when patients with ST-elevation MI were ex
cluded from the analysis, as well as when the analysis was restricted 
to only hospitalized patients or to those with only mildly elevated total 
cTnT (<200 ng/L). Long cTnT displayed superior discrimination com
pared to total cTnT in patients presenting within 3 h (AUC values for 
type 1 MI .760 vs .650, P = .008) or within 12 h of symptom onset 
(AUC values for type 1 MI .807 vs .733, P = .001). Amongst patients 
with more than 12 h from symptom onset, both long and total cTnT 
showed good discriminative ability, and the numerical AUC difference 
favouring long cTnT was not statistically significant (AUC values for 
type 1 MI: .834 vs .804, P = .265; Supplementary data online, Table S7).

Net reclassification index and decision 
curve analyses
Combining the predictive information provided by long cTnT and the 
troponin ratio with total cTnT improved risk classification for both 
type 1 MI and any MI, when compared to total cTnT alone. This was 
observed in the continuous NRI that captured all changes in predicted 
risk, as well as when considering only changes >10%, which may reflect 
more clinically meaningful shifts in risk stratification (Table 3). This find
ing was further supported by decision curve analyses, where the com
bination of total cTnT, long cTnT, and their ratio yielded higher net 
benefit than total cTnT alone in identifying MI patients across a range 
of risk threshold probabilities (see Supplementary data online, 
Figure S4).

When comparing long cTnT vs total cTnT for classifying patients 
with the Youden index-based cut-off values, long cTnT demonstrated 
superior performance, particularly in identifying type 1 MI. This was evi
dent in both the NRI and decision curve analyses (NRI .09, 95% CI 
.01–.17). For any MI, long cTnT showed a trend towards better classi
fication, but the difference was not statistically significant (NRI .05, 95% 
CI −.01 to −.12; Supplementary data online, Table S8 and 
Supplementary data online, Figure S5).

Discussion
This prospective study assessed the diagnostic value of measuring intact 
and mildly truncated cTnT forms from a single admission blood sample 
using a novel immunoassay in ED patients with elevated high-sensitivity 
cTnT levels. The study has three key findings: (i) long cTnT effectively 
discriminates between patients with and without MI amongst those 
with elevated total cTnT levels; (ii) low long cTnT levels can reliably 
rule out MI when total cTnT levels are above the 99th percentile upper 
reference limit; and (iii) using long cTnT in combination with total cTnT 
could significantly improve diagnostic accuracy and aid clinical decision- 
making, particularly regarding type 1 MI (Structured Graphical Abstract).

The advent of high-sensitivity troponin assays has improved the de
tection of MI, reduced the number of missed MI cases, and enabled earl
ier diagnosis and treatment.27 However, their increased sensitivity also 
presents challenges, as clinicians now frequently encounter mildly ele
vated troponin levels in patients who do not exhibit any symptoms 
or signs of myocardial ischaemia. Indeed, in our study, almost 90% of 
patients with elevated total cTnT did not have MI. The downstream 
consequences of these non-MI troponin elevations, often including in
vasive imaging and antithrombotic therapy, can pose unnecessary risks 
to patients, delay the diagnostic workup of other underlying causes, and 
lead to overdiagnosis of MI.2,3 Therefore, there is a clinical need for im
proved accuracy in laboratory diagnostics of MI.

Figure 1 Distribution of total and long cardiac troponin T in patients with and without myocardial infarction (all P-values < .001 for differences be
tween all myocardial infarction groups and no myocardial infarction)
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In the current study, amongst ED all-comers with elevated cTnT le
vels, long cTnT performed well in distinguishing between those with 
and without MI. This finding was consistent across all studied sub
groups, except for symptomatic patients presenting more than 12 h 
after symptom onset. Importantly, the discriminatory ability of long 
cTnT remained high also amongst patients presenting very early after 

symptom onset (<3 h), as well as in those with only mildly elevated to
tal cTnT levels. Moreover, long cTnT identified MI well also amongst pa
tients with impaired kidney function. This finding aligns with prior 
evidence on the ability of long cTnT in effectively discriminating tropo
nin elevations related to MI from those associated with end-stage kid
ney disease.9,15 The diagnostic value of long cTnT is further supported 

Figure 2 Proportion of type 1 myocardial infarction and any myocardial infarction according to the tertiles of total and long cardiac troponin T values 
(1 = lowest tertile, 3 = highest tertile)

Figure 3 Receiver operating characteristic curves depicting the discriminative performance of total and long cardiac troponin T for differentiating type 
1 myocardial infarction and any myocardial infarction from other causes of elevated troponin. Footnote: Area under the curve values for long and total 
cardiac troponin T: .839 vs .777 for type 1 myocardial infarction and .833 vs .782 for any myocardial infarction (both P < .001). These analyses cover all 
patients regardless of cardiac symptoms
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by recent data from a healthy reference population, which showed a 
median concentration as low as 2.0 ng/L.22 Overall, our findings suggest 
that measuring long cTnT could enhance diagnostic accuracy for MI 
across diverse patient populations and clinical scenarios.

The differences in discriminative performance between long and to
tal cTnT were slightly more pronounced for type 1 MI compared to any 
MI, with no significant differences observed for type 2 MI. The troponin 
ratio, representing the proportion of long cTnT to total cTnT, was high
er in patients with type 1 MI compared to those with type 2 MI, sup
porting the hypothesis that troponin elevations, particularly in type 1 
MI, consist more of longer molecules. One pathophysiological explan
ation for this observation could be the typically more abrupt onset and 
more severe myocardial damage in type 1 MI, compared to the supply– 
demand imbalance that causes type 2 MI. These aspects are of clinical 
importance, as it is particularly type 1 MI that requires accurate diagno
sis and early invasive treatment strategy, and long cTnT appears to add 
specificity to its diagnosis. In contrast, acute treatment of type 2 MI fo
cuses predominantly on correcting the underlying cause of the supply– 
demand imbalance.28 While the diagnostic performance of long cTnT 
remained relatively good in patients with a longer time from symptom 
onset, the previously described time-dependent degradation of cTnT 
molecules after MI may explain why long cTnT appeared to lose its diag
nostic advantage over total cTnT in this group.10 These findings are in 
line with the previous studies investigating degradation of cTnT as part 
of the complex with cTnI and troponin C and showing lower fractions 
of long cTnT in MI patients at later time points.17,18,29

Regarding clinical utility, it is important to note that all included pa
tients presented with a suspected cardiac event and an abnormal high- 
sensitivity cTnT level on ED admission, but MI was diagnosed in only 

11% of these cases. Given these prerequisites, the most clinically rele
vant finding of this study was that a low long cTnT level (<3.7 ng/L) 
could rule out type 1 MI with over 99% certainty in one-third of these 
challenging patients. This finding may have significant implications for 
streamlining the management of a large number of patients with non- 
specific total cTnT elevations in real-life clinical practice. At the other 
end of the spectrum, long cTnT values in the highest tertile substantially 
increased the likelihood of MI, even amongst those with high total 
cTnT levels (Figure 2 and Supplementary data online, Table S2). 
Correspondingly, combining the predictive information of long and to
tal cTnT demonstrated a superior net benefit than using only total cTnT 
in the NRI and decision curve analyses, suggesting that this combined 
approach could improve decision-making in the diagnosis and manage
ment of MI from a single admission blood sample.

Earlier research on troponin fragmentation has mainly utilized meth
ods including gel filtration chromatography, Western blotting, and mass 
spectrometry, all of which are too complex for clinical practice.10,16,30

The limited analytical sensitivity of these methods presents an addition
al barrier to their clinical applicability. In contrast, our immunoassay ap
proach offers a highly sensitive method for analysing cTnT 
fragmentation. Importantly, the principle behind our assay can be 
adapted for automated platforms, facilitating its integration into clinical 
practice to improve the laboratory diagnostics of MI. However, 
further research and broader validation are needed before clinical 
implementation.

Our study has some limitations that need to be considered. First, our 
study included only patients with total cTnT levels above the 99th per
centile upper reference limit, and further investigation is needed in co
horts that include patients with normal admission troponin 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Diagnostic accuracy of troponin assays for myocardial infarction

AUC Optimal 
threshold 

(ng/L)

Sensitivity Specificity PPV NPV Threshold at 
90% sensitivity 

(ng/L)

Specificity 
at 90% 

sensitivity

All patients

Type 1 myocardial infarction (n = 148)

Total cardiac troponin T .777 (.735–.819) 51.1 64 (56–72) 80 (78–82) 22 (19–27) 96 (95–97) 20.5 31 (25–49)

Long cardiac troponin T .839 (.807–.872) 8.8 78 (71–84) 75 (73–77) 22 (19–26) 98 (97–98) 4.6 47 (40–61)

Any myocardial infarction (n = 205)

Total cardiac troponin T .782 (.744–.819) 52.5 64 (57–70) 82 (80–84) 32 (27–36) 95 (93–96) 20.5 32 (20–46)

Long cardiac troponin T .833 (.804–.863) 8.8 75 (69–81) 77 (75–79) 29 (25–33) 96 (95–97) 4.4 46 (39–54)

Patients with chest pain or dyspnoea

Type 1 myocardial infarction (n = 142)

Total cardiac troponin T .756 (.711–.801) 51.1 63 (55–70) 78 (75–80) 28 (24–34) 94 (92–95) 20.5 29 (19–46)

Long cardiac troponin T .826 (.791–.861) 8.8 78 (71–84) 73 (71–76) 29 (25–34) 96 (94–97) 4.6 45 (37–60)

Any myocardial infarction (n = 196)

Total cardiac troponin T .770 (.730–.810) 52.5 63 (56–70) 81 (78–83) 40 (35–46) 91 (89–93) 19.5 26 (19–58)

Long cardiac troponin T .828 (.797–.859) 9.5 72 (66–78) 79 (76–82) 42 (37–47) 93 (91–95) 4.4 44 (38–58)

AUC, area under curve; MI, myocardial infarction; NPV, negative predictive value; PPV, positive predictive value. Optimal threshold based on Youden index. Sensitivity, specificity, PPV, and 
NPV reported as %. 95% confidence intervals in parenthesis.
All differences in area under curve values between total and long cardiac troponin T P-value <.001.
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concentrations. This may also limit the direct comparison between to
tal and long cTnT in the current study. Relatedly, some patients with MI 
presenting early after symptom onset may have been missed due to 
normal total cTnT levels at ED admission. In addition, the number of 
patients in type 2 MI group was limited. However, the current cohort 
enables the evaluation of the added value of long cTnT in the clinically 
relevant and challenging context of elevated high-sensitivity troponin le
vels amongst ED patients undergoing cardiac biomarker testing in real- 
world clinical practice. Relatedly, further validation studies are needed 
to confirm our findings in diverse patient populations, as well as to es
tablish optimal decision thresholds for long cTnT and to determine the 
most effective way to integrate its predictive information into clinical 
practice. Further research is needed to understand long cTnT and 
troponin ratio profiles in acute and chronic cardiac injury, as well as 
in other conditions associated with elevated total cTnT, such as atrial 
fibrillation. Indeed, information on the mechanisms of cTnT elevation 
in ED patients without type 1 MI is limited. Previous reports suggest 
that heterogeneous pathophysiology influences the composition of 
troponin release, with long cTnT levels higher in Takotsubo syndrome 
than in end-stage kidney disease or after heavy exercise, even though 
smaller troponin fragments were mainly responsible for troponin eleva
tions in all these conditions.9,13,14 Moreover, we did not obtain consent 
from a relatively large proportion of patients with early ED discharge 
who were contacted by mail, but most admitted patients did consent 
to participate in the study. This may have introduced selection bias, par
ticularly to the control group of patients without MI. Additionally, sex- 
specific upper reference limits of total cTnT were not applied in the 
study inclusion criteria, as they are not supported by the 2023 ESC 

guideline for diagnosing MI, but we assume this had no meaningful im
pact on our results, given their consistency in sex-stratified analyses.1

Finally, we compared troponin values from a single admission blood 
sample, and guideline-recommended algorithms incorporating tropo
nin dynamics would likely improve the accuracy of total cTnT.1 The dy
namics of long cTnT and its diagnostic value warrant further 
investigation.

Conclusions
The long cTnT assay demonstrated good diagnostic performance in ED 
patients with elevated total cTnT levels, with the potential to improve 
MI diagnosis, particularly for type 1 MI.

Supplementary data
Supplementary data are available at European Heart Journal online.
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Table 3 Net reclassification indices for myocardial 
infarction comparing predicted probabilities from 
combined data of total cardiac troponin T, long cardiac 
troponin T, and troponin ratio vs total cardiac troponin T 
alone

All patients

Type 1 myocardial infarction

NRI 0.56 (.39–.72)

NRI > 10% 0.10 (.04–.17)

Any myocardial infarction

NRI 0.55 (.42–.70)

NRI > 10% 0.15 (.09–.22)

Patients with chest pain or dyspnoea

Type 1 myocardial infarction

NRI 0.67 (.51–.84)

NRI > 10% 0.12 (.04–.19)

Any myocardial infarction

NRI 0.77 (.63–.92)

NRI > 10% 0.16 (.08–.23)

MI, myocardial infarction; NRI, net reclassification index.
NRI > 10% accounts only for estimated risk differences >10%. Predictions averaged with 
10-fold cross-validation with 10 repetitions to mitigate overfitting. NRI values range 
from −2 to 2, and values above zero favour the model using combined data. 95% 
confidence intervals in parentheses.

Long cardiac troponin T for myocardial infarction diagnosis                                                                                                                                   9
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf975/8371124 by TYKS-Kirurginen sairaala user on 29 D
ecem

ber 2025

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf975#supplementary-data


Pre-registered Clinical Trial Number
ClinicalTrials.gov Identifier: NCT05858112.

References
1. Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023 ESC 

Guidelines for the management of acute coronary syndromes: developed by the task 
force on the management of acute coronary syndromes of the European Society of 
Cardiology (ESC). Eur Heart J 2023;44:3720–826. https://doi.org/10.1093/eurheartj/ 
ehad191

2. McCarthy CP, Raber I, Chapman AR, Sandoval Y, Apple FS, Mills NL, et al. Myocardial 
injury in the era of high-sensitivity cardiac troponin assays: a practical approach for clin
icians. JAMA Cardiol 2019;4:1034–42. https://doi.org/10.1001/jamacardio.2019.2724

3. Shah ASV, Anand A, Strachan FE, Ferry AV, Lee KK, Chapman AR, et al. High-sensitivity 
troponin in the evaluation of patients with suspected acute coronary syndrome: a 
stepped-wedge, cluster-randomised controlled trial. The Lancet 2018;392:919–28. 
https://doi.org/10.1016/S0140-6736(18)31923-8

4. Shah ASV, Sandoval Y, Noaman A, Sexter A, Vaswani A, Smith SW, et al. Patient selec
tion for high sensitivity cardiac troponin testing and diagnosis of myocardial infarction: 
prospective cohort study. BMJ 2017;359:j4788. https://doi.org/10.1136/bmj.j4788

5. Lee KK, Noaman A, Vaswani A, Gibbins M, Griffiths M, Chapman AR, et al. Prevalence, 
determinants, and clinical associations of high-sensitivity cardiac troponin in patients at
tending emergency departments. Am J Med 2019;132:110.e8–21. https://doi.org/10. 
1016/j.amjmed.2018.10.002

6. Carlsson AC, Bandstein N, Roos A, Hammarsten O, Holzmann MJ. High-sensitivity car
diac troponin T levels in the emergency department in patients with chest pain but no 
myocardial infarction. Int J Cardiol 2017;228:253–9. https://doi.org/10.1016/j.ijcard. 
2016.11.087

7. Jaakkola S, Paana T, Nuotio I, Kiviniemi TO, Pouru JP, Porela P, et al. Etiology of minor 
troponin elevations in patients with atrial fibrillation at emergency department 
-tropo-AF study. J Clin Med 2019;8:1963. https://doi.org/10.3390/jcm8111963

8. Paana T, Jaakkola S, Bamberg K, Saraste A, Tuunainen E, Wittfooth S, et al. Cardiac 
troponin elevations in marathon runners. Role of coronary atherosclerosis and skeletal 
muscle injury. The MaraCat Study. Int J Cardiol 2019;295:25–8. https://doi.org/10.1016/j. 
ijcard.2019.08.019

9. Airaksinen KEJ, Aalto R, Hellman T, Vasankari T, Lahtinen A, Wittfooth S. Novel tropo
nin fragmentation assay to discriminate between troponin elevations in acute myocar
dial infarction and End-stage renal disease. Circulation 2022;146:1408–10. https://doi. 
org/10.1161/CIRCULATIONAHA.122.060845

10. Cardinaels EPM, Mingels AMA, Van Rooij T, Collinson PO, Prinzen FW, Van 
Dieijen-Visser MP. Time-dependent degradation pattern of cardiac troponin T follow
ing myocardial infarction. Clin Chem 2013;59:1083–90. https://doi.org/10.1373/ 
clinchem.2012.200543

11. Katrukha IA, Riabkova NS, Kogan AE, Vylegzhanina AV, Mukharyamova KS, 
Bogomolova AP, et al. Fragmentation of human cardiac troponin T after acute myocar
dial infarction. Clinica Chimica Acta 2023;542:17281. https://doi.org/10.1016/j.cca.2023. 
117281

12. Mair J, Lindahl B, Hammarsten O, Müller C, Giannitsis E, Huber K, et al. How is cardiac 
troponin released from injured myocardium? Eur Heart J Acute Cardiovasc Care 2018;7: 
553–60. https://doi.org/10.1177/2048872617748553

13. Airaksinen JKE, Tuominen T, Paana T, Hellman T, Vasankari T, Salonen S, et al. Novel 
troponin fragmentation assay to discriminate between Takotsubo syndrome and acute 
myocardial infarction. Eur Heart J Acute Cardiovasc Care 2024:13:782–8.

14. Airaksinen KEJ, Paana T, Vasankari T, Salonen S, Tuominen T, Linko-Parvinen A, et al. 
Composition of cardiac troponin release differs after marathon running and myocardial 

infarction. Open Heart 2024;11:e002954. https://doi.org/10.1136/openhrt-2024- 
002954

15. Mingels AMA, Cardinaels EPM, Broers NJH, Van Sleeuwen A, Streng AS, Van 
Dieijen-Visser MP, et al. Cardiac troponin T: smaller molecules in patients with end- 
stage renal disease than after onset of acute myocardial infarction. Clin Chem 2017; 
63:683–90. https://doi.org/10.1373/clinchem.2016.261644

16. Vroemen WHM, Mezger STP, Masotti S, Clerico A, Bekers O, de Boer D, et al. Cardiac 
troponin T: only small molecules in recreational runners after marathon completion. J 
Appl Lab Med. 2019;3:909–11. https://doi.org/10.1373/jalm.2018.027144

17. Li L, Liu Y, Katrukha IA, Zhang L, Shu X, Xu A, et al. Characterization of cardiac troponin 
fragment composition reveals potential for differentiating etiologies of myocardial in
jury. Clin Chem 2025;71:396–405. https://doi.org/10.1093/clinchem/hvae200

18. Li L, Liu Y, Katrukha IA, Zhang L, Shu X, Xu A, et al. Design and analytical evaluation of 
novel cardiac troponin assays targeting multiple forms of the cardiac troponin I–cardiac 
troponin T–troponin C Complex and fragmentation forms. Clin Chem 2025;71:387–95. 
https://doi.org/10.1093/clinchem/hvae182

19. Salonen SM, Tuominen TJK, Raiko KIS, Vasankari T, Aalto R, Hellman TA, et al. Highly 
sensitive immunoassay for long forms of cardiac troponin T using upconversion lumi
nescence. Clin Chem 2024;70:1037–45. https://doi.org/10.1093/clinchem/hvae075

20. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth universal 
definition of myocardial infarction (2018). Eur Heart J 2019;40:e618–51. https://doi.org/ 
10.1161/CIR.0000000000000617

21. Suomalaisen Lääkäriseuran Duodecimin ja Suomen Kardiologisen Seuranasettama 
työryhmä. Sepelvaltimotautikohtaus. Käypä hoito -suositus. Helsinki: Suomalainen 
Lääkäriseura Duodecim. https://www.kaypahoito.fi/hoi50130?tab=suositus (7 August 
2025, date last accessed).

22. Tuominen T, Vasankari T, Junes H, Salonen S, Teppo K, Linko-Parvinen A, et al. Long 
cardiac troponin T forms in a healthy reference population. Clinica Chimica Acta 
2025;576:120419. https://doi.org/10.1016/j.cca.2025.120419

23. Leening MJG, Vedder MM, Witteman JCM, Pencina MJ, Steyerberg EW. Net reclassifi
cation improvement: computation, interpretation, and controversies: a literature re
view and clinician’s guide: Ann Int Med. 2014;160:122–31. https://doi.org/10.7326/ 
M13-1522

24. Vickers AJ, Calster B, van Steyerberg EW. A simple, step-by-step guide to interpreting 
decision curve analysis. Diagn Progn Res 2019;3:18. https://doi.org/10.1186/s41512-019- 
0064-7

25. Vickers AJ, Calster B Van Steyerberg EW. Net benefit approaches to the evaluation of 
prediction models, molecular markers, and diagnostic tests. BMJ 2016;352:i6. https:// 
doi.org/10.1136/bmj.i6

26. Zhang Z, Rousson V, Lee W-C, Ferdynus C, Chen M, Qian X, et al. Big-data clinical trial 
column decision curve analysis: a technical note. Ann Transl Med 2018;6:308. https://doi. 
org/10.21037/atm.2018.07.02

27. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et al. Early diag
nosis of myocardial infarction with sensitive cardiac troponin assays. N Engl J Med 2009; 
361:858–67. https://doi.org/10.1056/NEJMoa0900428

28. Chapman AR, Taggart C, Boeddinghaus J, Mills NL, Fox KAA. Type 2 myocardial infarc
tion: challenges in diagnosis and treatment. Eur Heart J 2025;46:504–17. https://doi.org/ 
10.1093/eurheartj/ehae803

29. Damen SAJ, Cramer GE, Dieker HJ, Gehlmann H, Ophuis TJMO, Aengevaeren WRM, 
et al. Cardiac troponin composition characterization after non ST-elevation myocardial 
infarction: relation with culprit artery, ischemic time window, and severity of injury. Clin 
Chem 2021;67:227–36. https://doi.org/10.1093/clinchem/hvaa231

30. Vylegzhanina AV, Kogan AE, Katrukha IA, Koshkina EV, Bereznikova AV, Filatov VL, et al. 
Full-size and partially truncated cardiac troponin complexes in the blood of patients 
with acute myocardial infarction. Clin Chem 2019;65:882–92. https://doi.org/10.1373/ 
clinchem.2018.301127

10                                                                                                                                                                                                   Teppo et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/advance-article/doi/10.1093/eurheartj/ehaf975/8371124 by TYKS-Kirurginen sairaala user on 29 D
ecem

ber 2025

http://ClinicalTrials.gov
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1001/jamacardio.2019.2724
https://doi.org/10.1016/S0140-6736(18)31923-8
https://doi.org/10.1136/bmj.j4788
https://doi.org/10.1016/j.amjmed.2018.10.002
https://doi.org/10.1016/j.amjmed.2018.10.002
https://doi.org/10.1016/j.ijcard.2016.11.087
https://doi.org/10.1016/j.ijcard.2016.11.087
https://doi.org/10.3390/jcm8111963
https://doi.org/10.1016/j.ijcard.2019.08.019
https://doi.org/10.1016/j.ijcard.2019.08.019
https://doi.org/10.1161/CIRCULATIONAHA.122.060845
https://doi.org/10.1161/CIRCULATIONAHA.122.060845
https://doi.org/10.1373/clinchem.2012.200543
https://doi.org/10.1373/clinchem.2012.200543
https://doi.org/10.1016/j.cca.2023.117281
https://doi.org/10.1016/j.cca.2023.117281
https://doi.org/10.1177/2048872617748553
https://doi.org/10.1136/openhrt-2024-002954
https://doi.org/10.1136/openhrt-2024-002954
https://doi.org/10.1373/clinchem.2016.261644
https://doi.org/10.1373/jalm.2018.027144
https://doi.org/10.1093/clinchem/hvae200
https://doi.org/10.1093/clinchem/hvae182
https://doi.org/10.1093/clinchem/hvae075
https://doi.org/10.1161/CIR.0000000000000617
https://doi.org/10.1161/CIR.0000000000000617
https://www.kaypahoito.fi/hoi50130?tab=suositus
https://doi.org/10.1016/j.cca.2025.120419
https://doi.org/10.7326/M13-1522
https://doi.org/10.7326/M13-1522
https://doi.org/10.1186/s41512-019-0064-7
https://doi.org/10.1186/s41512-019-0064-7
https://doi.org/10.1136/bmj.i6
https://doi.org/10.1136/bmj.i6
https://doi.org/10.21037/atm.2018.07.02
https://doi.org/10.21037/atm.2018.07.02
https://doi.org/10.1056/NEJMoa0900428
https://doi.org/10.1093/eurheartj/ehae803
https://doi.org/10.1093/eurheartj/ehae803
https://doi.org/10.1093/clinchem/hvaa231
https://doi.org/10.1373/clinchem.2018.301127
https://doi.org/10.1373/clinchem.2018.301127


LITTMANN
RATING

9/10

LITTMANN
RATING

10+

Delivering to 20+ European Countries.

FREE CASE ANY LITTMANN® CORE

FREECASE
add code at the checkout to apply

SHOP NOW

FREE CASE ANY LITTMANN® CARD IV

FREECASE
add code at the checkout to apply

SHOP NOW

To deliver the best 
patient care, you
need the tools 
to match.
Littmann® Cardiology IV™

& Littmann® CORE Digital
Stethoscopes

Keep your tools safe
with laser engraving.

♥☺♫★♠


	Long forms of cardiac troponin T for myocardial infarction diagnosis: the SuperTROPO study
	Introduction
	Methods
	Study cohort
	Definition of myocardial infarction
	Blood sampling
	Total cardiac troponin T assay
	Long cardiac troponin T assay
	Study ethics
	Statistical analysis

	Results
	Discriminative performance
	Subgroup analyses
	Net reclassification index and decision curve analyses

	Discussion
	Conclusions
	Supplementary data
	Declarations
	Disclosure of Interest
	Data Availability
	Funding
	Ethical Approval
	Pre-registered Clinical Trial Number

	References


