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Which high-sensitivity troponin variable best characterizes infarct size and microvascular obstruction?
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Methods and results. -We identified 29 consecutive STEMI patients to study. The kinetics of hs-TnT (Roche) and two different TnIs (hs-TnI from Abbott, s-TnI from Siemens) were evaluated for all patients. Area under curves (AUC), first peak (FP) and second peak (SP), for hs-TnT, were compared to IS and MVO size using contrast-enhanced cardiac magnetic resonance. For IS, statistically SP of hs-TnT presented the best correlation compared to other peak values [r = 0.9 vs. 0.73 for FP hs-TnT; vs. 0.69 for hs-TnI; vs. 0.57 for s-TnI; respectively P < 0.01, P < 0.01, P < 0.01]. For MVO size, statistically SP of hs-TnT presented the best correlation compared to other peak values [r = 0.84 vs. 0.75 for FP hs-TnT; vs. 0.72 for hs-TnI; vs. 0.62 for s-TnI; respectively P = 0.01, P < 0.01, P < 0.01]. The best AUC were archived by the hs-TnT (AUC = 0.95) but there were no statistical differences when compared to other hs-Tn AUC. Conclusion. -The SP of hs-TnT had the greatest level of correlation and therefore seems to be the best biological parameter to evaluate and characterize infarct size. © 2019 Elsevier Masson SAS. All rights reserved.
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Résumé

Introduction. -La relation en troponine hypersensible et taille d'infarctus a été prouvée dans de nombreux articles. Cependant, peu de relations ont été établies entre cinétique de troponine et les caractéristiques de l'infarctus, notamment l'obstruction microvasculaire. Notre objectif principal était d'étudier quelle troponine de haute sensibilité caractérisait le mieux l'infarctus du myocarde. Méthodes et résultats. -29 patients ayant subi un infarctus du myocarde aigu ont été inclus consécutivement dans cette étude. Les cinétiques de la troponine T-hs (Roche) et deux troponines I (hs-TnI de chez Abbott, s-TnI de chez Siemens) ont été évaluées pour tous les patients. Les aires sous la courbe, la valeur du premier pic (PP) et du second pic (SP), pour la troponine T-hs, étaient comparées aux valeurs de taille d'infarctus et d'obstruction microvasculaire mesurées par IRM cardiaque. Concernant la taille de la nécrose, le second pic (SP) de troponine T-hs (hs-TnT) avait la meilleure corrélation en comparaison des autres valeurs de pic (r = 0,9 vs 0,73 pour le PP de hs-TnT ; vs 0,69 pour le pic de hs-TnI ; vs 0,57 pour le pic de s-TnI ; respectivement p < 0,01, p < 0,01, p < 0,01). Concernant la taille de l'obstruction microvasculaire, le SP de hs-TnT présentait la meilleure corrélation également en comparaison des autres valeurs de pics (r = 0,84 vs 0,75 pour PP de hs-TnT ; vs 0,72 pour le pic de hs-TnI ; vs 0,62 pour le pic de s-TnI ; respectivement p = 0,01, p < 0,01, p < 0,01). La meilleure aire sous la courbe de troponine était retrouvée avec la hs-TnT (AUC = 0,95), sans différence significative cependant comparativement aux autres troponines. Conclusion. -Le second pic de troponine T-hs semblait être le meilleur paramètre biologique d'évaluation des caractéristiques de l'infarctus du myocarde. © 2019 Elsevier Masson SAS. Tous droits réservés.

Background

Prognosis after acute myocardial infarction is strongly related to the extent of the myocardial injury and the presence of microvascular obstruction (MVO) [START_REF] Lonborg | Final infarct size measured by cardiovascular magnetic resonance in patients with ST elevation myocardial infarction predicts long-term clinical outcome: an observational study[END_REF][START_REF] Wu | Prognostic significance of microvascular obstruction by magnetic resonance imaging in patients with acute myocardial infarction[END_REF][START_REF] De Waha | Impact of early vs. late microvascular obstruction assessed by magnetic resonance imaging on long-term outcome after ST-elevation myocardial infarction: a comparison with traditional prognostic markers[END_REF][START_REF] Nijveldt | Assessment of microvascular obstruction and prediction of short-term remodeling after acute myocardial infarction: cardiac MR imaging study[END_REF]. Contrast-enhanced cardiac magnetic resonance (CE-CMR) allows precise myocardial tissue characterization [START_REF] Kim | Relationship of MRI delayed contrast enhancement to irreversible injury, infarct age, and contractile function[END_REF] at the acute phase of the myocardial infarction, and enables assessment of MVO and infarct size. CE-CMR is considered to be the gold standard for analysing myocardial injury and ventricular volumes [START_REF] Gibbons | The quantification of infarct size[END_REF][START_REF] Wagner | Contrast-enhanced MRI and routine single photon emission computed tomography (SPECT) perfusion imaging for detection of subendocardial myocardial infarcts: an imaging study[END_REF][START_REF] Reinstadler | High-sensitivity troponin T for prediction of left ventricular function and infarct size one year following ST-elevation myocardial infarction[END_REF]. However, the use of CE-CMR is limited by its availability in routine practice. Therefore, estimating infarct size from peripheral blood concentrations of cardiac biomarkers is a convenient alternative [START_REF] Gibbons | The quantification of infarct size[END_REF][START_REF] Chin | Comparison of the prognostic value of peak creatine kinase-MB and troponin levels among patients with acute myocardial infarction: a report from the Acute Coronary Treatment and Intervention Outcomes Network Registry-get with the guidelines[END_REF][START_REF] Klug | Role of biomarkers in assessment of early infarct size after successful p-PCI for STEMI[END_REF], particularly when adapted to clinical research targeting a reduction in infarct size.

Repetitive evaluation of cardiac biomarkers is routinely used to assess myocardial damage when measured up to 72 hours after primary percutaneous coronary intervention (PCI). Several studies have shown that troponin measurements are highly correlated to infarct size, and can predict clinical outcomes [START_REF] Chin | Comparison of the prognostic value of peak creatine kinase-MB and troponin levels among patients with acute myocardial infarction: a report from the Acute Coronary Treatment and Intervention Outcomes Network Registry-get with the guidelines[END_REF][START_REF] Ingkanisorn | Gadolinium delayed enhancement cardiovascular magnetic resonance correlates with clinical measures of myocardial infarction[END_REF][START_REF] Giannitsis | Cardiac magnetic resonance imaging study for quantification of infarct size comparing directly serial versus single time-point measurements of cardiac troponin T[END_REF]. Recently, new highly sensitive troponin assays (high-sensitivity troponin T [hs-TnT], sensitive troponin I [s-TnI] and high-sensitivity troponin I [hs-TnI]) have replaced the standard assays, with significantly improved sensitivity for the early detection of acute myocardial infarction [START_REF] Saenger | Multicenter analytical evaluation of a high-sensitivity troponin T assay[END_REF].
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There are various data on the correlation between the new generation of troponin assays and infarct size in patients with ST-segment elevation myocardial infarction (STEMI). In several studies, hs-TnT was associated with infarct size [START_REF] Reinstadler | High-sensitivity troponin T for prediction of left ventricular function and infarct size one year following ST-elevation myocardial infarction[END_REF][START_REF] Nguyen | High-sensitivity troponin T predicts infarct scar characteristics and adverse left ventricular function by cardiac magnetic resonance imaging early after reperfused acute myocardial infarction[END_REF]. However, there are significant differences in the kinetics of hs-TnT, s-TnI and hs-TnI. Assays for hs-TnI have a similar linear decrease in the 48 hours after reperfusion, contrasting with a biphasic kinetic curve for hs-TnT [START_REF] Laugaudin | Kinetics of highsensitivity cardiac troponin T and I differ in patients with ST-segment elevation myocardial infarction treated by primary coronary intervention[END_REF][START_REF] Solecki | Kinetics of high-sensitivity cardiac troponin T or troponin I compared to creatine kinase in patients with revascularized acute myocardial infarction[END_REF]. It is not clear whether the peak, area under the curve (AUC) and second peak of hs-TnT provide equivalent information about the characteristics of infarcted tissue. The biological significance of the hs-TnT second peak is also unclear, although it has been suggested that it could be a reflection of MVO rather than infarct size.

The primary objective of our study was to assess and compare the levels of correlation between the new troponin assays (peak values and AUCs) with infarct size and MVO size assessed by CE-CMR in a reperfused STEMI population. The secondary objective was to assess the relationship between the hs-TnT second peak and MVO and infarct size.

Methods

The design and primary results of this study have been published [START_REF] Laugaudin | Kinetics of highsensitivity cardiac troponin T and I differ in patients with ST-segment elevation myocardial infarction treated by primary coronary intervention[END_REF]. This observational prospective study was conducted in a single tertiary referral centre: the University Hospital of Montpellier, France. All participants provided written informed consent, and the protocol was approved by the ethics committee of the University Hospital of Montpellier.

Study population

All patients from the initial study who had undergone a CE-CMR before discharge were included [START_REF] Laugaudin | Kinetics of highsensitivity cardiac troponin T and I differ in patients with ST-segment elevation myocardial infarction treated by primary coronary intervention[END_REF]. Between February and July 2014, consecutive patients admitted for STEMI who were treated successfully with primary PCI according to current guidelines [START_REF] Steg | ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation[END_REF] were included. The diagnosis of STEMI was based on chest pain onset < 12 hours, with ST-segment elevation of > 2 mm on a standard 12-lead electrocardiogram in two adjacent leads. Only patients with an initial occluded culprit coronary artery defined by a Thrombolysis In Myocardial Infarction (TIMI) flow grade ≤ 1 on coronary angiography were included in the study.

Medical treatment

All patients were treated according to the updated international guidelines from the European Society of Cardiology [START_REF] Steg | ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation[END_REF] with a combination of dual antiplatelet therapy, betablockers, angiotensin-converting enzyme inhibitors and statins, as appropriate.

Blood sampling

Venous blood samples were collected at admission, then twice daily for 5 days and then once daily until hospital discharge.

Measurement of hs-TnT

The hs-TnT assay was performed on the Cobas ® 8000 e602 analyser (Roche Diagnostics, Meylan, France). The lowest concentration measurable at the 10% coefficient of variation level is 13 ng/L, and the 99th percentile among healthy individuals is 14 ng/L (confidence interval 12.7-24.9). The limit of detection is 5.0 ng/L [START_REF] Koerbin | Analytical characteristics of the Roche highly sensitive troponin T assay and its application to a cardio-healthy population[END_REF].

Measurement of hs-TnI and s-TnI

Two different assays were used to assess TnI. The hs-TnI concentrations were measured on the ARCHITECT i1000SR ® (Abbott Diagnostics, Lake Forest, IL, USA) using the ARCHITECT STAT ® hs-TnI assay (Abbott Laboratories, Abbott Park, IL), according to the manufacturer's instructions. With this assay, the dynamic range was 0.5-50,000 ng/L and the 10% coefficient of variation level was 3.9 ng/L. The 99th percentile among healthy individuals was set at 14 ng/L for men and 11 ng/L for women [START_REF] Apple | Determination of 19 cardiac troponin I and T assay 99th percentile values from a common presumably healthy population[END_REF][START_REF] Apple | A new season for cardiac troponin assays: it's time to keep a scorecard[END_REF]. The ARCHITECTSTAT hs-TnI assay is a double immunoassay, using a capture antibody directed against amino acids 24-40 of the TnI protein, and a chimeric detection antibody directed against amino acids 41-49. The s-TnI concentrations were measured on the ADVIA Centaur ® Immunoassay Analyser (Siemens, Tarrytown, NY, USA) using the ADVIA Centaur ® TnI-Ultra assay. This assay has a 10% coefficient of variation limit of 30 ng/L and a 99th percentile at 40 ng/L (confidence interval 20-60). The ADVIA Centaur ® TnI-Ultra assay is a double chemiluminescent immunoassay using a capture antibody directed against amino acids 41-49 of the TnI protein, and a chimeric detection antibody directed against amino acids 27-40.

The troponin AUC (troponin concentration [in ng/L] over time) was calculated, which represents more precisely the amount of troponin released.

Acquisition of CE-CMR

All CE-CMR studies were performed on a 1.5 T MAGNETON ® Avanto Tim system (Siemens, Erlangen, Germany) before discharge, using vectocardiogram monitoring and a phasedarray cardiac receiver coil. Localizers and left ventricular functional assessment were performed using steady-state free-processing sequences in the three axes of the heart. In the short-axis orientation, the left ventricle was completely encompassed by contiguous slices. Delayed enhancement inversion recovery sequences were acquired 10 min after administration of 0.2 mmol/kg gadolinium-based contrast agent (Dotarem ® , Guerbet, Roissy CdG, France) to assess infarct size and MVO. Inversion times were individually adjusted to optimize nulling of normal myocardium (typical value of 270-300 ms).

Image analysis

Images dedicated OsiriX workstation (OsiriX Foundation, Geneva, Switzerland) for measurement with semiautomatic software CE-CMR tools. The full-width half-maximum algorithm was used to measure hyperintense myocardial areas in the infarct territory, and the hypoenhanced areas within the infarct area were defined as MVO. Infarct size and MVO extent were expressed in grams of tissue and percentage of left ventricular mass, assuming a myocardial specific density of 1.05 g/cm 3 .

Statistical analysis

Normally distributed data are shown as means ± standard deviations and non-normally distributed data as medians (interquartile ranges). Categorical data are presented as counts and percentages. Continuous variables concerning patient characteristics and treatment were compared using an unpaired t test or the Mann-Whitney U test according to the normality of the variables' distribution. Categorical variables were compared using the 2 test (or Fisher's exact test if the conditions for the 2 test were not reached). Spearman correlations and linear regressions were performed to analyse the relationship between CE-CMR infarct size and troponin peaks on the one hand, and troponin AUC on the other hand. Spearman correlations were also carried out to analyse the association between high-sensitivity troponin peaks and highly enhanced myocardial tissue or MVO, along with Steiger tests to compare the two correlations obtained for each peak. Furthermore, an analysis of sensibility via receiver operating characteristic curves was conducted to identify the high-sensitivity troponin peak with the best prognostic value for MVO as a binary variable.

Results

Study population

Between February and July 2014, 29 patients were included. Baseline characteristics are reported in Table 1. Twentyseven (93%) patients were male, and the mean age was 55 ± 12 years. The left anterior descending coronary artery was the culprit artery in 16 (55%) patients. Optimal angiographic reperfusion was obtained in all patients. MVO was observed on CE-MRI in 16 (55%) patients. The CE-CMR analysis was performed 3 [2-6] days after admission.

Correlation between high-sensitivity troponin variables and CE-CMR infarct size

All analysed troponin variables were significantly highly correlated with infarct size. Correlation levels were good for both peak values and AUC (Figs. 1 and2). For peak values, correlations with infarct size were significantly stronger with hs-TnT (Roche) (R 2 = 0.62) and hs-Tnl (Abbott) (R 2 = 0.57) than with s-Tnl (Siemens) (R 2 = 0.53) (Fig. 1). Results were similar using the AUC analysis. The strongest correlation was obtained with hs-TnT (Roche) (R 2 = 0.53) compared with hs-TnI (Abbott) (R 2 = 0.51) or s-TnI (Siemens) (R 2 = 0.44) (Fig. 2).

Correlation between high-sensitivity troponin variables and no reflow

There was good correlation between all the new troponin kinetic variables and MVO (Table 2), but they were not more correlated with MVO than with infarct size (all P values > 0.05) (Table 2).

Prognostic value of high-sensitivity troponin variables

Patients with MVO had a significantly greater CE-CMR infarct size and lower left ventricular ejection fraction, but also a greater troponin peak and AUC (Table 3). The troponin peak had good sensitivity, specificity and an AUC in the receiver operating characteristic model to predict the presence of MVO (Table 4 and Fig. 3). 

Specificities of the second peak of hs-TnT (Roche)

The second peak of hs-TnT (Roche) was achieved at a median time of 75 hours versus 77 hours in the entire population of the study by Laugaudin et al. [START_REF] Laugaudin | Kinetics of highsensitivity cardiac troponin T and I differ in patients with ST-segment elevation myocardial infarction treated by primary coronary intervention[END_REF]. Our results show that the second peak of hs-TnT (Roche) had extremely good correlation with infarct size (r = 0.9; P < 0.0001) (Table 2). This correlation was statistically greater than with the other high-sensitivity troponin variables (r = 0.9 vs. 0.73 for hs-TnT first peak [Roche], vs. 0.69 for hs-TnI peak [Abbott] and vs. 0.57 for s-TnI peak [Siemens]; P < 0.01, P < 0.01, P < 0.01, respectively). hs-TnI: high-sensitivity troponin I; hs-TnT: high-sensitivity troponin T; NLR: negative likelihood ratio; PLR: positive likelihood ratio; s-TnI: sensitive troponin I. a Data are expressed as % (95% confidence interval).

Considering the prognostic value of the second peak, patients with MVO had a greater hs-TnT second peak (Roche) (Table 3). Correlations with MVO size were statistically greater with the hs-TnT second peak (Roche) than with the other troponin peaks (Fig. 4). The AUC to predict MVO for the hs-TnT second peak (Roche) was very good, but was not statistically different to the AUCs for the other troponin peaks (Fig. 3 and Table 4). The greatest sensitivity (94%) to predict MVO was reached with the hs-TnT second peak (Roche), whereas the greatest specificity (92%) was reached with the hs-TnT first peak (Roche) (Table 4).

Discussion

Despite a limited number of included patients, our findings can be summarized as follows:

• there are excellent levels of correlation between the peaks and AUCs of different high-sensitivity troponins and infarct size assessed by CE-CMR; • the second peak of hs-TnT (Roche) is the best biological variable to evaluate infarct size.

Correlation between troponin and infarct size

Having a biomarker that is extremely sensitive and perfectly correlated with infarct size is mandatory in the management of patients with STEMI. Indeed, infarct size is the strongest independent predictor of outcome in this population. This is also of importance for clinical research, as troponins are used routinely as surrogate endpoints for infarct size assessment. Many studies have investigated the correlation between ''standard'' troponin and infarct size. Good correlations were found between infarct size assessed by single-photon emission computed tomography (SPECT) [START_REF] Arruda-Olson | Troponin T levels and infarct size by SPECT myocardial perfusion imaging[END_REF][START_REF] Byrne | Peak cardiac troponin-T level, scintigraphic myocardial infarct size and one-year prognosis in patients undergoing primary percutaneous coronary intervention for acute myocardial infarction[END_REF] or by CE-CMR [START_REF] Reinstadler | High-sensitivity troponin T for prediction of left ventricular function and infarct size one year following ST-elevation myocardial infarction[END_REF][START_REF] Ingkanisorn | Gadolinium delayed enhancement cardiovascular magnetic resonance correlates with clinical measures of myocardial infarction[END_REF][START_REF] Giannitsis | Cardiac magnetic resonance imaging study for quantification of infarct size comparing directly serial versus single time-point measurements of cardiac troponin T[END_REF] and these standard troponins (r = 0.45 and r = 0.55, respectively). Surprisingly, until now, and despite their widespread use for this purpose, little was known about high-sensitivity troponins. Furthermore, the various assays are used irrespective of their intrinsic properties. Our study is the only one to assess and compare the levels of correlation between the peaks and AUCs of the different new-generation troponin assays and infarct size by CE-CMR. The levels of correlation that we achieved with all variables from these new troponin assays were excellent. For hs-TnT (Roche) we saw similar correlations to those reported by Nguyen et al. [START_REF] Nguyen | High-sensitivity troponin T predicts infarct scar characteristics and adverse left ventricular function by cardiac magnetic resonance imaging early after reperfused acute myocardial infarction[END_REF]. However, we have shown that all troponin assays are not equivalent. Indeed, in our study, s-TnI (Siemens) achieved a lower level of correlation with infarct size than hs-TnT (Roche) and hs-TnI (Abbott), whereas hs-TnT (Roche) showed the highest correlation with infarct size.

In practice, therefore, all of these assays could be considered as robust surrogate endpoints in clinical research, and Please cite this article in press as: M. Schaaf, F. Huet, M. Akodad, et al.. Which high-sensitivity troponin variable best characterizes infarct size and microvascular obstruction? Arch Cardiovasc Dis (2019), https://doi.org/10.1016/j.acvd.2018.12.001 preferably hs-TnT (Roche) when available in clinical routine practice. Importantly, in the case of multicentre studies, homogeneity among assays seems to be important.

hs-Tn to predict MVO

We found good correlation between MVO size and troponin peak and AUC. Similar results have been published with ''traditional'' troponin assays [START_REF] Pernet | Microvascular obstruction assessed by 3-tesla magnetic resonance imaging in acute myocardial infarction is correlated with plasma troponin I levels[END_REF][START_REF] Mayr | Late microvascular obstruction after acute myocardial infarction: relation with cardiac and inflammatory markers[END_REF]. We have also confirmed the results of Nguyen et al. for the peak of hs-TnT (Roche) [START_REF] Nguyen | High-sensitivity troponin T predicts infarct scar characteristics and adverse left ventricular function by cardiac magnetic resonance imaging early after reperfused acute myocardial infarction[END_REF]. However, it is well-known that MVO size correlates with infarct size. The more global myocardial tissue is damaged, the more MVO is important.

With good sensitivity and specificity, all troponin variables could be used to predict the presence of MVO. Our data enabled identification of a cut-off for all variables in the identification of a patient with MVO. This is important to establish the prognosis of a patient with STEMI. Indeed, the presence of late MVO is a strong and independent prognostic factor after STEMI [START_REF] De Waha | Impact of early vs. late microvascular obstruction assessed by magnetic resonance imaging on long-term outcome after ST-elevation myocardial infarction: a comparison with traditional prognostic markers[END_REF]. Several studies have shown that MVO is associated with more heart failure [START_REF] Bolognese | Impact of microvascular dysfunction on left ventricular remodeling and long-term clinical outcome after primary coronary angioplasty for acute myocardial infarction[END_REF] and a higher mortality rate [START_REF] Ndrepepa | 5-year prognostic value of no-reflow phenomenon after percutaneous coronary intervention in patients with acute myocardial infarction[END_REF]. In patients with MVO, mortality has been reported to increase by 75% at 1 month [START_REF] Brosh | Effect of no-reflow during primary percutaneous coronary intervention for acute myocardial infarction on six-month mortality[END_REF], 67% at 1 year [START_REF] Ndrepepa | Predictive factors and impact of no reflow after primary percutaneous coronary intervention in patients with acute myocardial infarction[END_REF] and 50% at 5 years [START_REF] Ndrepepa | 5-year prognostic value of no-reflow phenomenon after percutaneous coronary intervention in patients with acute myocardial infarction[END_REF].

Second peak of hs-TnT (Roche) and characterization of infarcted tissue

Our first study showed that the kinetics of the different troponins differed significantly in patients admitted with STEMI and treated by PCI. hs-TnI (Abbott) and s-TnI (Siemens) exhibit an early peak in the first 24 hours followed by a rapid log linear decrease. By contrast, hs-TnT has a short decrease then a rebound phenomenon, following a biphasic curve [START_REF] Laugaudin | Kinetics of highsensitivity cardiac troponin T and I differ in patients with ST-segment elevation myocardial infarction treated by primary coronary intervention[END_REF][START_REF] Solecki | Kinetics of high-sensitivity cardiac troponin T or troponin I compared to creatine kinase in patients with revascularized acute myocardial infarction[END_REF]. The pathophysiological explanations and clinical implications of this biphasic shape have not been established. We know that 94% of troponin T is bound to myofibrils, and is released more slowly, especially in the case of irreversible injury. Even if the second peak of hs-TnT achieves better correlations with MVO and infarct size, it cannot help to characterize microvascular dysfunction more specifically. However, our data show that, with better correlation, the second peak of hs-TnT is the best biological variable to evaluate both infarct and MVO size.

As the second peak of hs-TnT (Roche) occurs around 77 hours after the acute myocardial infarction, the assessment of this surrogate biological endpoint could be of value on days 2-3, rather than the AUCs of repeated assays. In a recent article, our team demonstrated retrospectively that the combination of a second troponin peak and a high C-reactive protein concentration were associated with increased prevalence of MVO evaluated by magnetic resonance imaging [START_REF] Huet | An hs-TNT second peak associated with high CRP at day 2 appears as potential biomarkers of micro-vascular occlusion on magnetic resonance imaging after reperfused ST-segment elevation myocardial infarction[END_REF]. These correlations are not easy to explain. The second peak could be less dependent on compounding factors, such as the quality of reperfusion or the inflammation reaction of myocardial tissue. These hypothesises should be investigated in dedicated studies.
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Study limitations

First, and importantly, our study had a small sample size, which means that all cut-off values should be tested in larger studies. From a clinical point of view, it would be useful to investigate the ability of only one assay at day 2 or 3 to provide information about infarct size and prognosis.

Conclusions

High cardiac troponin peaks and AUCs achieved excellent correlation with infarct size assessed by CE-CMR. Statistically, the second peak of hs-TnT (Roche) had the greatest correlation levels, and therefore seems to be the best biological variable for evaluating and characterizing infarct size. Of course, these results need to be confirmed in a larger patient population.

Figure 1 .

 1 Figure 1. Correlation curves between infarct mass evaluated on cardiac magnetic resonance imaging and peak troponin levels using the Roche (in black), Abbott (in blue) and Siemens (in red) systems. R: coefficient of correlation.

Figure 2 .

 2 Figure 2. Correlation curves between infarct mass evaluated on cardiac magnetic resonance imaging and troponin area AUC levels using the Roche (in black), Abbott (in blue) and Siemens (in red) systems. R: coefficient of correlation; AUC: under the curve (AUC).

Figure 3 .

 3 Figure 3. AUC in the receiver operating characteristic model to predict the presence of microvascular obstruction. AUC: area under the curve.

Figure 4 .

 4 Figure 4. Correlation curves between microvascular obstruction evaluated on cardiac magnetic resonance imaging and troponin peak levels using the Roche (in black), Abbott (in blue) and Siemens (in red) systems. R: coefficient of correlation.
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Table 1

 1 Baseline characteristics according to the presence of microvascular obstruction on contrast-enhanced cardiac magnetic resonance imaging.

	MVO+ (n = 16)	MVO-(n = 13)

were analysed off-line by one experienced operator (MS) who was completely blinded to clinical and biological data. Left ventricular volumes, ejection fraction and mass measurements were performed with dedicated software (ARGUS; Siemen Medical Solutions, Malvern, PA, USA). All delayed enhanced images were transferred to a Please cite this article in press as: M. Schaaf, F. Huet, M. Akodad, et al.. Which high-sensitivity troponin variable best characterizes infarct size and microvascular obstruction? Arch Cardiovasc Dis (2019), https://doi.org/10.1016/j.acvd.2018.12.001 Data are expressed as number (%), mean ± standard deviation or median (interquartile range). CAD: coronary artery disease; CE-CMR: contrast-enhanced cardiac magnetic resonance; LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESV: left ventricular end-systolic volume; MVO: microvascular obstruction; RCA: right coronary artery; RT: rheolytic thrombectomy; TIMI: thrombolysis in myocardial infarction.

Table 2

 2 Correlations between troponin peak, infarct size and microvascular obstruction.

	Infarct size	MVO	P

Data are expressed as Spearman's rank correlation coefficient, r (95% confidence interval). MVO: microvascular obstruction.

Table 3

 3 Troponin kinetic variables according to the presence of microvascular obstruction on contrast-enhanced cardiac magnetic resonance imaging.

	No reflow

Table 4

 4 Sensitivity and specificity of troponin peaks in detecting microvascular obstruction.

		Cut-off (ng/L)	Sensitivity a	Specificity a	PLR	NLR
	hs-TnT first peak (Roche)	6676	75 (50-94)	92 (77-100)	9.4	0.27
	hs-TnT second peak (Roche)	4168	90 (70-100)	88 (67-100)	7.5	0.11
	s-TnI peak (Siemens)	45,445	94 (81-100)	69 (46-92)	3.0	0.09
	hs-TnI peak (Abbott)	49,908	81 (62-100)	85 (61-100)	5.4	0.22
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