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Introduction: Cardiac troponin levels below the 99th percentile improve the
predictive efficacy for cardiovascular events when associated with relevant
clinical variables. However, whether ultra-sensitive analytical methods improve
this predictive efficacy over less sensitive or contemporary analytical methods
remains unknown.
Methods: This retrospective observational study involved consecutive patients
who presented to the emergency department for suspected acute coronary
syndrome and underwent measurement of ultra-sensitive cardiac troponin I
(Singulex) and contemporary cardiac troponin I (Siemens) with levels below
the 99th percentile. The clinical characteristics of these patients were
analysed, and the efficacy of both analytical methods for predicting
cardiovascular events over a 4-year follow-up period was compared.
Results: In total, 838 patients were analysed (mean age, 62.9 ± 16.6 years; 42.2%
women). Their cumulative incidence of the composite cardiovascular event
(death, readmission for myocardial infarction, and readmission for heart failure)
was 25.9% over the 4-year follow-up. Both Singulex cardiac troponin I
(analysed by quartiles) and Siemens cardiac troponin (analysed as detectable/
undetectable) improved the predictive efficacy for the combined event over
clinical variables [Harrell’s C-index (95% confidence interval): 0.77 (0.74–0.80)
vs. 0.79 (0.76–0.81) and 0.77 (0.74–0.80) vs. 0.78 (0.75–0.81), respectively;
p= 0.018]. However, there were no statistically significant difference between
the two predictive models that included the aforementioned troponin assays.
Conclusions: Detectable levels of cardiac troponin using a contemporary
analytical method or those near the 99th percentile using an ultra-sensitive
analytical method improve the predictive efficacy for cardiovascular events,
with no differences between the two methods
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1 Introduction

The quantification of cardiac troponin (cTn) in patients with

chest pain or suspected acute coronary syndrome (ACS) allows

for the confirmation or exclusion of acute myocardial infarction

(AMI) with acceptable safety (1). The continuous evolution in

analytical methods for quantifying cardiac troponin T (cTnT) or

cardiac troponin I (cTnI) has increased the positive and negative

predictive values for the diagnosis of AMI in the presence of

elevated (above the 99th percentile) or non-elevated (below the

99th percentile) cTn levels (2). An elevated cTn level in a patient

with clinical evidence of myocardial ischaemia enables the

diagnosis of AMI (3). The cTn level is also a significant predictor

of medium- and long-term cardiovascular events both in patients

with AMI and in patients with acute or chronic myocardial

injury of non-ischaemic causes (4–7).

In recent years, there has been growing interest in the

predictive value of cTn below the 99th percentile not only for

ruling out myocardial infarction but also for predicting future

cardiovascular events (8–11). Using contemporary or high-

sensitivity analytical methods, cases of non-elevated cTn can

usually be categorised into those with undetectable and

detectable cTn. However, the proportion of patients with

undetectable cTn—more than 50% with contemporary methods

and less than 50% with high-sensitivity methods (12)—does not

allow for analysis of the entire spectrum of cTn levels below the

99th percentile. The Singulex Sgx Clarity cTnI Assay (Singulex

Inc., Alameda, CA, USA), based on Single Molecule Counting

(SMC®) technology, is an ultrasensitive immunoassay that uses

single-molecule fluorescence detection for cTnI quantification.

With this assay, which shows excellent analytical performance,

cTnI can be detected in practically 100% of samples from normal

patients (13).

We hypothesised that by using this ultrasensitive method, we

can accurately stratify the risk of medium- to long-term

cardiovascular events in patients with cTnI below the 99th

percentile, improving upon the prediction obtained with clinical

variables. In the present study, we analysed the predictive value

of different cTnI Sgx values for cardiovascular events in

comparison to the contemporary cTnI analysis method

(described below) in patients with cTnI below the 99th percentile.
2 Methods

2.1 Study design

This retrospective observational cohort study involved all

patients admitted to the emergency department of a tertiary

university hospital for chest pain or symptoms compatible with

ACS from February 2018 to February 2019. All patients had at

least one cTnI measurement requested at the discretion of the

treating physician, following the local protocol for the care of

such patients in the emergency department. Patients were

identified from the lists of urgent analytical determinations
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carried out by the centre’s laboratory, which quantified the

number of troponin tests for each patient and recorded the

maximum detected value.
2.2 Assay

The ADVIA Centaur TnI-Ultra Immunoassay (Siemens

Healthineers, Erlangen, Germany) was performed as the

contemporary cTnI analysis method. The lower detection limit of

6 ng/L was established by the manufacturer. The reference limit

for a positive cTnI-Ultra test was >39 ng/L, corresponding to the

99th percentile of a reference control group, with analytical

imprecision expressed by a coefficient of variation below 10%.

The Singulex Sgx Clarity system mentioned in the Introduction

is a paramagnetic microparticle-based immunoassay powered by

SMC® technology that uses single-photon fluorescence detection

for analyte quantitation. This assay employs a 2 × 2 pair of

monoclonal antibodies that recognise epitopes in the central

region and at both ends of the cTnI molecule. The cut-off point

used to consider an elevated cTnI Sgx level was 8.67 pg/ml,

corresponding to the 99th percentile, determined with a

coefficient of variation below 5.7% (13).
2.3 Study population

In patients with Siemens cTnI-Ultra levels below the 99th

percentile, the cTnI Sgx level was determined. Among these

patients, those with levels below the 99th percentile were

selected. Thus, patients with both cTnI-Ultra and cTnI Sgx

levels below the 99th percentile were included in the analysis.

The exclusion criteria were an age of <18 years and the

inability to be followed up either because of residence outside

our direct reference area or because of the absence of clinical

follow-up data (Figure 1). Demographic data, medical history,

clinical and analytical variables, electrocardiographic data, and

examinations performed on all patients included in the study

were collected. The Charlson Index (CI) score was calculated

in all patients (14). Whether the patient was admitted to the

hospital or discharged directly from the emergency

department was recorded and the final diagnosis was

established at the treating physician’s discretion.
2.4 Follow-up events

The primary outcome of the study was the combined events of

total mortality or readmission for myocardial infarction or heart

failure (major cardiovascular events) at the 4-year follow-up. The

secondary outcomes were total mortality and the readmission

rates for heart failure or myocardial infarction. The events that

occurred during follow-up were obtained from the patients’

electronic medical records and death records.
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FIGURE 1

Flow diagram of patients.
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2.5 Statistical analysis

Categorical variables are expressed as number and percentage.

Continuous variables are expressed as mean ± standard deviation

or median and interquartile range depending on whether their

normal or non-normal distribution. Then, normality of the data

were assessed using Q-Q plots. For continuous variables

following a normal distribution, the ANOVA test was used to

assess in-between differences across groups whereas for not

normally distributed continuous variables, the Kruskal Wallis

test. Bonferroni correction was used in the four-group

comparisons. Categorical variables were compared across the

groups with Chi-Squared Test. The associations between

quartiles of cTnI Sgx levels and detectable cTnI-Ultra levels with

the clinical endpoints were examined using univariable and

multivariable Cox regression analyses. The following variables

were incorporated into the regression models: age, sex, history of

myocardial infarction, heart failure, cerebrovascular disease,

hypertension, diabetes mellitus, and glomerular filtration rate. To

analyse readmission for heart failure or AMI, a competing risk

strategy was adopted using the Fine and Gray method,

considering death as a competing event. Results are expressed as

hazard ratio with corresponding 95% confidence interval.

Adjusted survival curves were plotted. Harrell’s C statistic was

used to assess the discrimination benefit of adding the cTnI Sgx

level or detectable cTnI-Ultra level to the clinical model.

The difference between two Harreĺs C statistics have been

calculated using the -somersd—and -lincom- STATA

commands. This package provides the confidence interval of the

difference between the 2 estimations. Statistical analyses were
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performed using STATA version 13.0 (StataCorp, College

Station, TX, USA). A two-tailed P-value of <0.05 was considered

statistically significant.

The local ethics committee approved this study.
3 Results

3.1 Patient population and follow-up

Table 1 shows the demographic data, risk factors, and major

cardiovascular history of the general study population (n = 838).

The patients’ mean age was 62.9 ± 16.6 years, and 42.2% were

women. Admission was decided for 22.7% of patients, and

hospital mortality reached 1%. The main diagnoses were chest

pain (more than one-third of patients), followed by

tachyarrhythmias and heart failure (Table 2). The incidence of

combined major cardiovascular events was 25.9% (n = 217) at the

4-year follow-up. The total mortality, readmission for myocardial

infarction, and readmission for heart failure rates were 16.6%

(n = 139), 4.6% (n = 39), and 9.3% (n = 78), respectively, at the

4-year follow-up.

The total study population was divided into four groups based

on the quartiles of the cTnI Sgx levels, the mean of which was

5.3 ± 1.3 ng/ml. Supplementary Table S1 presents the clinical

characteristics of the analysed groups. Patients with cTn I Sgx

levels in the highest quartile were older, had more cardiovascular

risk factors (diabetes, smoking, and hypertension), and had more

comorbidities (history of heart failure, history of myocardial

infarction, cerebrovascular disease, chronic lung disease, and
frontiersin.org
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TABLE 1 Baseline characteristics of patients enrolled in the study.

Total
(n= 838)

Demographic variables
Age, years 62.9 ± 16.6

Female sex 354 (42.2)

Clinical history
Arterial hypertension 452 (53.9)

Diabetes 175 (20.9)

Current or previous smoker 134 (16.0)

Prior MI 172 (20.5)

Congestive heart failure 47 (5.6)

Peripheral arterial disease 38 (4.5)

Stroke or TIA 47 (5.6)

COPD 155 (18.5)

Charlson index 2 (0–2)

Symptoms
Chest pain 475 (56.7)

Dyspnoea 44 (21.0)

Syncope 10 (4.8)

Other symptoms 66 (31.4)

Vital signs
SPB, mmHg 136.1 ± 24.9

DBP, mmHg 79.4 ± 14.9

Heart rate, bpm 81.2 ± 21.2

Electrocardiogram
Atrial fibrillation 91 (10.9)

LBBB or RBBB 78 (9.3)

Negative T wave 39 (4.7)

ST-depression 5 (0.6)

Laboratory tests
eGFR, ml/min/1.73 m2 92 ± 34.2

Haemoglobin, g/dl 13 ± 1.9

cTnI Sgx, ng/L 5.3 ± 1.3

Hospitalisation 190 (22.7)

In-hospital mortality 5 (1.0)

Data are presented as mean ± standard deviation, n (%), or median (interquartile range).

Q, quartile; MI, myocardial infarction; TIA, transient ischaemic attack; COPD, chronic

obstructive pulmonary disease; SBP, systolic blood pressure; DBP, diastolic blood pressure;

LBBB, left bundle branch block; RBBB, right bundle branch block; eGFR, estimated
glomerular filtration rate (calculated by Modification of Diet in Renal Disease Study

equation); cTnI Sgx, cardiac troponin I Singulex.

TABLE 2 Main diagnoses at patient discharge among the
patients analyzed.

Total
(n = 838)

Chest pain 311 (37.1)

Congestive heart failure 44 (5.3)

Tachyarrhythmia 55 (6.7)

Respiratory infection 64 (7.6)

Gastrointestinal bleeding 4 (0.5)

Other gastrointestinal pathology 48 (5.7)

Syncope 12 (1.4)

Other infections 13 (1.6)

Sepsis 1 (0.2)

Bradycardia 5 (0.6)

Anaemia 5 (0.6)

Neurological disease 10 (1.2)

Neoplasia 3 (0.4)

Aortic disease 2 (0.2)

Hypertensive crisis 15 (1.8)

Renal failure 2 (0.2)

Other diagnoses 164 (19.6)

Data are presented as n (%).
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renal failure) and a higher CI score. The main symptom was chest

pain, followed by dyspnoea. On electrocardiography, higher

proportions of atrial fibrillation and intraventricular conduction

disorders were detected, an other electrocardiography alterations

like negative T wave or ST-depression were less frequency. The

analysis also revealed higher rates of anaemia and worse

glomerular filtration rates in this quartile. Hospital admission

was decided for 33.3% of patients in the highest quartile

compared with the other quartiles. Hospital mortality reached

1.4% in the highest quartile, but this rate did not reach statistical

significance. Supplementary Table S2 shows the main diagnoses

by quartiles of cTnI Sgx levels. The incidence rates of the

combined events, as well as total mortality, readmission for

myocardial infarction, and readmission for heart failure at 4

years of follow-up, increased significantly according to the

quartile of cTnI Sgx levels (Supplementary Table S3).
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In total, 344 (41%) patients had detectable cTnI-Ultra levels

below the 99th percentile. The remaining 494 (59%) had

undetectable cTnI levels. Supplementary Table S4 presents the

clinical characteristics of the analysed patients. Patients with

detectable cTnI levels were older, had more cardiovascular risk

factors (diabetes and hypertension), had more cardiovascular

comorbidities and a higher CI score. This clinical risk profile was

similar to that of patients with cTnI Sgx levels in the highest

quartile. The main symptom in these patients was also chest

pain, followed by dyspnoea. Patients with detectable cTnI levels

had small but statistically significant differences in their

electrocardiographic abnormalities (higher proportions of atrial

fibrillation and intraventricular conduction disorders) and

analytical parameters (higher degree of anaemia and worse

glomerular filtration rates). Hospital admission was decided for

13.1% of patients, and the hospital mortality rate was 0.5% but

did not reach statistical significance. Supplementary Table S5

shows the main diagnoses in patients with detectable and

undetectable cTnI-Ultra levels. The main diagnosis in these

patients was also chest pain, which occurred in 11.3%, followed

by heart failure in 3.5%; both were statistically significant. The

incidence rate of the combined events was higher in patients

with detectable than undetectable cTnI levels, as was the

incidence of total death, admission for myocardial infarction, and

admission for heart failure (Supplementary Table S6).
3.2 Predictive capacity of cTnI (cTnI Sgx and
cTnI-ultra levels)

In the univariate Cox regression analysis, quartiles 2, 3, and 4

of the cTnI Sgx levels as well as detectable cTnI-Ultra levels were

associated with the combined event and total mortality,

readmission for myocardial infarction, and readmission for heart
frontiersin.org
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TABLE 3 Risk of composite endpoint (mortality, myocardial infarction, and heart failure) according to quartiles of cTnI Sgx and detectable cTnI-
ultra levels.

cTnI Sgx Detectable cTnI-Ultra

Q1 (n = 207) Q2 (n= 211) Q3 (n = 210) Q4 (n= 210) (n = 344)

Five-year follow-up events among survivors

Combined event (mortality, readmission for MI, and readmission for HF)
Non-adjusted HR (95% CI) 1 (Ref) 3.88 (1.86–8.11) 9.57 (4.79–19.12) 14.88 (7.52–29.43) 3.65 (2.75–4.85)

P-value P < 0.001 P < 0.001 P < 0.001 P < 0.001

Adjusted HR (95% CI) 1 (Ref) 1.87 (0.88–3.97) 3.32 (1.60–6.88) 4.19 (2.00–8.77) 1.78 (1.31–2.42)

P-value P = 0.106 P = 0.001 P < 0.001 P < 0.001

All-cause mortality
Non-adjusted HR (95% CI) 1 (Ref) 2.83 (1.26–6.36) 6.67 (3.16–14.07) 8.50 (4.07–17.79) 2.71 (1.92–3.82)

P-value P = 0.012 P < 0.001 P < 0.001 P < 0.001

Adjusted HR (95% CI) 1 (Ref) 1.26 (0.55–2.90) 2.13 (0.96–4.73) 2.02 (0.89–4.58) 1.28 (0.88–1.86)

P-value P = 0.586 P = 0.063 P = 0.095 P = 0.200

Readmission for MI
Non-adjusted HR (95% CI) 1 (Ref) 9.00 (1.14–70.94) 12.00 (1.56–92.1) 17.35 (2.31–130.33) 2.94 (1.51–5.71)

P-value P = 0.037 P = 0.017 P = 0.006 P = 0.002

Adjusted HR (95% CI) 1 (Ref) 6.04 (0.70–52.80) 6.76 (0.70–65.34) 9.44 (0.86–103.21) 1.93 (0.86–4.31)

P-value P = 0.104 P = 0.099 P = 0.066 P = 0.109

Readmission for HF
Non-adjusted HR (95% CI) 1 (Ref) 6.00 (0.72–49.75) 23.64 (3.20–174.68) 54.76 (7.57–396.20) 5.58 (3.26–9.54)

P-value P = 0.097 P = 0.002 P < 0.001 P < 0.001

Adjusted HR (95% CI) 1 (Ref) 2.38 (0.27–20.64) 6.27 (0.77–51.17) 11.98 (1.42–100.72) 2.36 (1.28–4.35)

P-value P = 0.433 P = 0.086 P = 0.022 P = 0.006

Q, quartile; CI, confidence interval; MI, myocardial infarction; HF, heart failure; HR, hazard ratio; Ref, reference; cTnI, cardiac troponin I. Variables in the multivariate Cox regression were

adjusted for age, sex, history of MI, heart failure, arterial hypertension, diabetes, atrial fibrillation, and glomerular filtration rate. Detectable cTnI-Ultra levels were ≥6–39 ng/L, and the

prevalence in the population was 41%.

FIGURE 2

Cumulative survival. (A) Cumulative survival according to quartiles of cardiac troponin I Singulex. (B) Cumulative survival according to detectable
cardiac troponin I Ultra.
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failure. In the multivariate analysis adjusted for clinical variables,

both the cTnI Sgx and cTnI-Ultra levels remained predictive of

the analysed cardiovascular events (Table 3). Although the

detectable cTnI-Ultra showed comparable HR with quartile 2

cTnI Sgx, the association was more robust among the higher

quartiles. Higher quartiles (3 or 4) demonstrated higher HR and

adjusted HR for all the outcome measures. Cumulative survival

curves according to quartiles of cTnI Sgx and to detectable cTnI-

Ultra are shown in Figure 2.
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The clinical variables selected for the multivariate analysis are

shown in (Supplementary Table S7). To estimate the

improvement in the prediction of mortality and readmission for

both types of cTn (cTnI Sgx and cTnI-Ultra), a clinical model

comprising age, sex, history of myocardial infarction, heart

failure, hypertension, diabetes, atrial fibrillation, and kidney

disease was designed, and its calibration and discrimination

capacity were analysed using the C-index (Table 4) before and

after adding both types of cTnI to the clinical model (Models
frontiersin.org
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TABLE 4 Discriminative efficiency of cTnI Sgx and detectable cTnI-ultra levels for clinical endpoints over clinical variables.

Model A Model B P-value

Clinical data cTnI Sgx Detectable
cTnI-Ultra

Model
A vs. B

Combined event (mortality, readmission for MI,
readmission for HF)
Harrell’s C-index (95% CI)

0.77 (0.74–0.80) 0.79 (0.76–0.81) 0.78 (0.75–0.81) 0.323

P-value P = 0.018 P = 0.036

All-cause mortality
Harrell’s C-index (95% CI)

0.77 (0.74–0.80) 0.77 (0.74–0.81) 0.77 (0.74–0.81) 0.433

P-value P = 0.292 P = 0.425

Readmission for MI
Harrell’s C-index (95% CI)

0.77 (0.71–0.83) 0.79 (0.73–0.84) 0.78 (0.73–0.84) 0.871

P-value P = 0.495 P = 0.466

Readmission for HF
Harrell’s C-index (95% CI)

0.84 (0.79–0.87) 0.86 (0.83–0.89) 0.85 (0.81–0.89) 0.195

P-value P = 0.062 P = 0.154

Q, quartile; CI, confidence interval; MI, myocardial infarction; HF, heart failure; cTnI, cardiac troponin I; cTnI Sgx, cardiac troponin I Singulex; cTnI-Ultra, cardiac troponin I Ultra Siemens.
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A and B, respectively). In both models, the addition of cTnI Sgx or

cTnI-Ultra significantly increased the prediction capability of

cardiovascular events. However, there were no statistically

significant differences between the two predictive models that

included the aforementioned troponin assays.
4 Discussion

Our study showed that ultra-sensitive cTnI (cTnI Sgx) levels

and detectable contemporary cTnI (cTnI-Ultra) levels below the

99th percentile in patients treated in an emergency department

were closely related to the cardiovascular risk profile. Clinical

variables and cTnI levels were correlated with medium- and

long-term cardiovascular events, and both analytical methods

improved the predictive capacity without significant differences

between them. Our study emphasizes the importance of

considering cTnI levels close to the 99th percentile, using any

analytical method, to identify patients at high risk of future

cardiovascular events.

Studies on the predictive value of cTn levels below the 99th

percentile have focused on subjects from the general population,

chest pain evaluation to rule out myocardial ischaemia in stable

patients, patients with stable chronic coronary artery disease, and

patients treated in emergency departments for chest pain. In the

general population, detectable cTn has been shown to be a

significant predictor of cardiovascular events. cTnI appears to be

a more specific marker of composite cardiovascular disease and

coronary heart disease, whereas cTnT is more strongly associated

with death from non-cardiovascular disease. Both cTnI and cTnT

are associated with heart failure and death from cardiovascular

disease (15, 16, 17, 18, 19, 20, 21, 22). In the Akershus Cardiac

Examination 1950 Study, the cTnI level measured with a highly

sensitive assay was predictive of the carotid atherosclerotic

burden (23). In stable patients with chest pain evaluated using

isotopic ergometry, the baseline cTnI Sgx level, even when only

slightly elevated, was associated with induced ischaemia during
Frontiers in Cardiovascular Medicine 06
stress testing (24). Similarly, a very slight elevation of the cTnI Sgx

level in patients undergoing chest pain evaluation using isotopic

stress testing was also associated with induced ischaemia (25).

However, these tiny changes in the cTnI Sgx concentration during

stress testing have not been demonstrated with other highly

sensitive analytical methods for cTn measurement (26). In one

study of patients with stable chronic heart disease, a risk gradient

of cardiovascular death or heart failure based on the baseline cTnI

Sgx concentration was demonstrated: patients with levels in the

third tertile had higher risk, with a hazard ratio of 2.2 (95%

confidence interval, 1.01–4.71), than patients in the first tertile (27).

Chest pain is one of the most common symptoms in patients

admitted to emergency departments and the primary reason for

which cTn measurement is clearly indicated. However, fewer than

10% of patients are diagnosed with ACS (28). The utility of a

non-elevated cTn level in patients treated in emergency

departments for chest pain lies primarily in ruling out myocardial

infarction, both in protocols requiring two determinations (29)

and in those recommending a single determination of cTn

showing very low levels (30). However, in the medium and long

term, detectable cTn confers an excess risk of cardiovascular

events relative to undetectable cTn (9), especially if clinical

variables are included in predictive models (10, 11). For patients

in whom myocardial infarction has been ruled out, those with

intermediate cTnI concentrations are more likely to have coronary

artery disease as shown by coronary computed tomography

angiography than those with low cTnI concentrations (31).

Our study provides additional information on patients treated

in emergency departments with negative cTnI: those with levels

close to the 99th percentile, especially if they have a clinical risk

profile, have an excess risk of cardiovascular events in the

medium and long term. In our study, we did not use traditional

risk scales to predict cardiovascular events [e.g., Global Registry

of Acute Coronary Events (GRACE) score and History,

Electrocardiography, Age, Risk factors, Troponin (HEART)

score]. These scales often require variables that are not consistently

available in all emergency department medical records. The
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HEART score wich has been developed specifically for use in chest

pain assessment in the emergency department can contribute to a

better risk stratification, but it stem from before the high-sensitivity

troponin era. Nevertheless, the GRACE score seems to be of limited

value in low -risk patients such as those with normal hs-cTnT

(10, 26, 27, 32, 33). In our study, all patients showed hemodynamic

stability, no ischemic ECG changes and normal troponin, therefore,

scores focused on clinical data could be expected to perform better.

Therefore, we limited our analysis to clinical data that are invariably

present in any emergency department medical record for a patient

suspected to have ACS and for whom troponin measurement is

requested. We assessed an analytical method for the determination

of cTnI that can be considered ultra-sensitive, allowing the

measurement of very small quantitative concentrations of cTnI

much more accurately than contemporary or commonly marketed

high-sensitivity methods (34). Garcia-Osuna et al. (13) studied the

analytical characteristics of this highly sensitive cardiac biomarker,

revealing that the ultra-sensitive method was approximately 10

times more sensitive than the currently used high-sensitivity cTnI

method and that the proportion of healthy individuals with

measurable cTn concentrations was 99.5%. Importantly, the healthy

population in their study was selected based on strict clinical and

analytical criteria. They also found that the median cTn level was

significantly higher in men, patients of advanced age, and patients

with impaired renal function (13). Certain biological and analytical

factors can modify the cTn concentration without myocardial

damage. In contemporary cTn measurement methods, as with any

biochemical measurement, random errors or pre-analytical or

analytical interferences may occur (35). In this regard, the cTnI Sgx

assay did not detect significant cross-reactivity (34). Despite the

advantages of this analytical method for the determination of cTn,

we were unable to demonstrate that the predictive improvement for

cardiovascular events in addition to the predictive capacity of

clinical variables is significantly better than what can be obtained

with other contemporary analytical methods. In this sense, the

implementation of high-sensitivity cTn measurement has also

shown no benefits over contemporary cTn measurement in terms

of the short- and medium-term prognosis in patients diagnosed

with myocardial infarction (36).

Identifying patients at high risk for cardiovascular events

treated in emergency departments with negative cTn but levels

close to the 99th percentile could have therapeutic implications.

In the West of Scotland Coronary Prevention Study

(WOSCOPS), the baseline cTn level was an independent

predictor of myocardial infarction or death from coronary heart

disease (37). The plasma cTnI levels were reduced by statin

therapy, and reductions in cTnI concentrations were associated

with better outcomes independent of low-density lipoprotein

cholesterol lowering. In another study, empagliflozin, an inhibitor

of the sodium–glucose cotransporter 2, was found to reduce the

cTnI level in patients with diabetes (38). This could be one of

the mechanisms underlying its beneficial effect in terms of

preventing cardiovascular events. However, the current European

clinical practice guidelines for cardiovascular prevention

published in 2021 do not recommend the use of serum

biomarkers such as natriuretic peptides or high-sensitivity cTn in
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patient risk stratification (39). Patients treated in emergency

departments with cTn levels near the 99th percentile provide an

excellent opportunity for cardiovascular risk stratification. In

these cases, implementing measures such as statins for patients

with hypercholesterolaemia or sodium–glucose cotransporter 2

inhibitors for those with diabetes is beneficial because both drugs

have been shown to reduce cTn levels and improve the prognosis.
4.1 Limitations

This study had several limitations. First, this was a retrospective

study conducted at a single hospital centre, and the clinician’s

decision to measure the cTnI level may have been influenced by

the patients’ baseline characteristics. This may have resulted in

selection of patients who were older and had a worse risk profile.

Second, the variables collected for analysis were those present in

medical records of patients treated in emergency departments for

purely healthcare purposes. Therefore, essential variables affecting

the prognosis may not have been adequately recorded, preventing

their inclusion in the analysis. Third, we used an analytical

method that is currently not available for healthcare purposes.

However, the currently available highly sensitive analytical

methods for cTn determination may be sufficient for adequate

patient risk stratification because they allow detection of

circulating cTn in more than 50% of patients with levels below

the 99th percentile. Fourth, our population comprised patients of

advanced age. It is possible that the 99th percentile used in our

study to consider a non-elevated cTn level was excessively

restrictive in these patients because the 99th percentile levels

were considerably higher in studies of apparently healthy

populations without restriction criteria (40). Fifth, models were

both trained and tested on the same clinical dataset, to increase

participant numbers and in the hope of statistical power.

However, this poses a risk of over-fitting and type I error.
5 Conclusions

The herein-described approach using cTn to select patients for

downstream investigation after myocardial infarction has been ruled

out has major potential to improve patient outcomes. Regardless of

the cTnI measurement method used, obtaining levels below the

99th percentile in patients treated in an emergency department

allows the identification of patients with a worse cardiovascular risk

profile and an adverse prognosis. Our study suggests that an

integrated approach that combines predictive clinical variables,

hemodynamic status, ECG findings and the measurement of cTnI

can improve the prediction of outcomes in these patients.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
frontiersin.org

https://doi.org/10.3389/fcvm.2024.1450619
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Carrasquer et al. 10.3389/fcvm.2024.1450619
Ethics statement

The studies involving humans were approved by IISPV, Rovira

y Virgili University, Tarragona, Spain. The studies were conducted

in accordance with the local legislation and institutional

requirements. The human samples used in this study were

acquired from primarily isolated as part of your previous study

for which ethical approval was obtained. Written informed

consent for participation was not required from the participants

or the participants’ legal guardians/next of kin in accordance

with the national legislation and institutional requirements.
Author contributions

AC: Writing – original draft, Writing – review & editing. GC:

Formal Analysis, Writing – review & editing. AG-S: Resources,

Writing – review & editing. ÓP: Visualization, Writing – review &

editing. IF: Visualization, Writing – original draft. AB: Writing –

original draft, Writing – review & editing. JF: Supervision,

Writing – original draft.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Frontiers in Cardiovascular Medicine 08
Acknowledgments

We thank Clinical Analysis Service of University Hospital of
Tarragona Joan XXIII, for their contribution to troponin
tests analysis.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1450619/full#supplementary-material
References
1. Sandoval Y, Apple FS, Mahler SA, Body R, Collinson PO, Jaffe AS. High
sensitivity cardiac troponin and the 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/
SCMR guidelines for the evaluation and diagnosis of acute chest pain. Circulation.
(2022) 146:569–81. doi: 10.1161/CIRCULATIONAHA.122.059678

2. Krychtiuk KA, Newby LK. High-sensitivity cardiac troponin assays: ready for
prime time! Annu Rev Med. (2024) 75:459–74. doi: 10.1146/annurev-med-
051022-113931

3. 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) 40:237–69.
doi: 10.1093/eurheartj/ehy462

4. Cediel G, Gonzalez-Del-Hoyo M, Carrasquer A, Sanchez R, Boqué C, Bardají A.
Outcomes with type 2 myocardial infarction compared with non-ischaemic
myocardial injury. Heart. (2017) 103:616–22. doi: 10.1136/heartjnl-2016-310243

5. Bardají A, Cediel G, Carrasquer A, De Castro R, Sanchez R, Boqué C. Troponina
elevada en pacientes sin síndrome coronario agudo. Rev Esp Cardiol. (2015)
68:469–76. doi: 10.1016/j.recesp.2014.10.018

6. Bardají A, Bonet G, Carrasquer A, González-del Hoyo M, Vásquez-Nuñez K, Ali
S, et al. Clinical features and prognosis of patients with acute and chronic myocardial
injury admitted to the emergency department. Am J Med. (2019) 132:614–21. doi: 10.
1016/j.amjmed.2018.11.037

7. Shah ASV, Anand A, Sandoval Y, Lee KK, Smith SW, Adamson PD, et al. High-
sensitivity cardiac troponin i at presentation in patients with suspected acute coronary
syndrome: a cohort study. Lancet. (2015) 386:2481–8. doi: 10.1016/
S0140-6736(15)00391-8

8. Parikh RH, Seliger SL, De Lemos J, Nambi V, Christenson R, Ayers C, et al.
Prognostic significance of high-sensitivity cardiac troponin T concentrations
between the limit of blank and limit of detection in community-dwelling adults: a
metaanalysis. Clin Chem. (2015) 61:1524–31. doi: 10.1373/clinchem.2015.244160

9. Bardají A, Bonet G, Carrasquer A, González-Del Hoyo M, Domínguez F, Sánchez
R, et al. Prognostic implications of detectable cardiac troponin I below the 99th
percentile in patients admitted to an emergency department without acute coronary
syndrome. Clin Chem Lab Med. (2018) 56:1954–61. doi: 10.1515/cclm-2017-1140

10. Sanchis J, Valero E, García Blas S, Barba E, Pernias V, Miñana G, et al.
Undetectable high-sensitivity troponin in combination with clinical assessment for
risk stratification of patients with chest pain and normal troponin at hospital arrival.
Eur Hear J Acute Cardiovasc Care. (2020) 9:567–75. doi: 10.1177/2048872620907539

11. Fernández-Cisnal A, Valero E, García-Blas S, Pernias V, Pozo A, Carratalá A,
et al. Clinical history and detectable troponin concentrations below the 99th
percentile for risk stratification of patients with chest pain and first normal
troponin. J Clin Med. (2021) 10:1784–11. doi: 10.3390/jcm10081784

12. Apple FS, Jaffe AS, Collinson P, Mockel M, Ordonez-Llanos J, Lindahl B, et al.
IFCC educational materials on selected analytical and clinical applications of high
sensitivity cardiac troponin assays. Clin Biochem. (2015) 48:201–3. doi: 10.1016/j.
clinbiochem.2014.08.021

13. Garcia-Osuna A, Gaze D, Grau-Agramunt M, Morris T, Telha C, Bartolome A,
et al. Ultrasensitive quantification of cardiac troponin I by a single molecule counting
method: analytical validation and biological features. Clin Chim Acta. (2018)
486:224–31. doi: 10.1016/j.cca.2018.08.015

14. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8

15. Welsh P, Preiss D, Hayward C, Shah ASV, McAllister D, Briggs A, et al. Cardiac
Troponin T and Troponin I in the general population. Circulation. (2019)
139:2754–64. doi: 10.1161/CIRCULATIONAHA.118.038529

16. Yan I, Börschel CS, Neumann JT, Sprünker NA, Makarova N, Kontto J, et al.
High-sensitivity cardiac Troponin I levels and prediction of heart failure. JACC
Hear Fail. (2020) 8:401–11. doi: 10.1016/j.jchf.2019.12.008

17. Everett BM, Brooks MM, Vlachos HE, Chaitman BR, Frye RL, Bhatt DL.
Troponin and cardiac events in stable ischemic heart disease and diabetes. N Engl J
Med. (2015) 373:610–20. doi: 10.1056/NEJMoa1415921
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1450619/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1450619/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.122.059678
https://doi.org/10.1146/annurev-med-051022-�113931
https://doi.org/10.1146/annurev-med-051022-�113931
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1136/heartjnl-2016-�310243
https://doi.org/10.1016/j.recesp.2014.10.018
https://doi.org/10.1016/j.amjmed.2018.11.037
https://doi.org/10.1016/j.amjmed.2018.11.037
https://doi.org/10.1016/S0140-�6736�(15)�00391-�8
https://doi.org/10.1016/S0140-�6736�(15)�00391-�8
https://doi.org/10.1373/clinchem.2015.244160
https://doi.org/10.1515/cclm-2017-�1140
https://doi.org/10.1177/2048872620907539
https://doi.org/10.3390/jcm10081784
https://doi.org/10.1016/j.clinbiochem.2014.08.021
https://doi.org/10.1016/j.clinbiochem.2014.08.021
https://doi.org/10.1016/j.cca.2018.08.015
https://doi.org/10.1016/0021-�9681�(87)�90171-�8
https://doi.org/10.1161/CIRCULATIONAHA.118.038529
https://doi.org/10.1016/j.jchf.2019.12.008
https://doi.org/10.1056/NEJMoa1415921
https://doi.org/10.3389/fcvm.2024.1450619
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Carrasquer et al. 10.3389/fcvm.2024.1450619
18. De Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi A, et al.
Association of troponin T detected with a highly sensitive assay and cardiac
structure and mortality risk in the general population. JAMA. (2010) 304:2503–12.
doi: 10.1001/jama.2010.1768

19. Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA,
et al. A sensitive cardiac troponin T assay in stable coronary artery disease. N Engl J
Med. (2009) 361:2538–47. doi: 10.1056/NEJMoa0805299

20. Daniels LB, Laughlin GA, Clopton P, Maisel AS, Barrett-Connor E. Minimally
elevated cardiac Troponin T and elevated N-terminal pro-B-type natriuretic peptide
predict mortality in older adults. J Am Coll Cardiol. (2008) 52:450–9. doi: 10.1016/j.
jacc.2008.04.033

21. Latini R, Masson S, Anand IS, Missov E, Carlson M, Vago T, et al. Prognostic value
of very low plasma concentrations of troponin T in patients with stable chronic heart
failure. Circulation. (2007) 116:1242–9. doi: 10.1161/CIRCULATIONAHA.106.655076

22. Patterson CC, Blankenberg S, Ben-Shlomo Y, Heslop L, Bayer A, Lowe G, et al.
Which biomarkers are predictive specifically for cardiovascular or for non-
cardiovascular mortality in men? Evidence from the caerphilly prospective study
(CaPS). Int J Cardiol. (2015) 201:113–8. doi: 10.1016/j.ijcard.2015.07.106

23. Lyngbakken MN, Vigen T, Ihle-Hansen H, Brynildsen J, Berge T, Rønning OM,
et al. Cardiac troponin I measured with a very high sensitivity assay predicts
subclinical carotid atherosclerosis: the akershus cardiac examination 1950 study.
Clin Biochem. (2021) 93:59–65. doi: 10.1016/j.clinbiochem.2021.04.005

24. Tanglay Y, Twerenbold R, Lee G, Wagener M, Honegger U, Puelacher C, et al.
Incremental value of a single high-sensitivity cardiac troponin I measurement to rule
out myocardial ischemia. Am J Med. (2015) 128:638–46. doi: 10.1016/j.amjmed.2015.
01.009

25. Sabatine MS, Morrow DA, De Lemos JA, Jarolim P, Braunwald E. Detection of
acute changes in circulating troponin in the setting of transient stress test-induced
myocardial ischaemia using an ultrasensitive assay: results from TIMI 35. Eur Heart
J. (2008) 30:162–9. doi: 10.1093/eurheartj/ehn504

26. Røsjø H, Kravdal G, Høiseth AD, Jørgensen M, Badr P, Røysland R, et al.
Troponin I measured by a high-sensitivity assay in patients with suspected
reversible myocardial ischemia: data from the akershus cardiac examination (ACE)
1 study. Clin Chem. (2012) 58:1565–73. doi: 10.1373/clinchem.2012.190868

27. Bonaca MP, O’Malley RG, Jarolim P, Scirica BM, Murphy SA, Conrad MJ, et al.
Serial cardiac troponin measured using a high-sensitivity assay in stable patients with
ischemic heart disease. J Am Coll Cardiol. (2016) 68:322–3. doi: 10.1016/j.jacc.2016.04.
046

28. Mahler SA, Ashburn NP, Supples MW, Hashemian T, Snavely AC. Validation of
the ACC expert consensus decision pathway for patients with chest pain. J Am Coll
Cardiol. (2024) 83:1181–90. doi: 10.1016/j.jacc.2024.02.004
Frontiers in Cardiovascular Medicine 09
29. Alquézar-Arbé A, Sanchís J, Guillén E, Bardají A, Miró Ò, Ordóñez-Llanos J.
Cardiac troponin measurement and interpretation in the diagnosis of acute
myocardial infarction in the emergency department: a consensus statement.
Emergencias. (2018) 30:336–49.

30. Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023
ESC guidelines for the management of acute coronary syndromes. Eur Heart J.
(2023) 44:3720–826. doi: 10.1093/eurheartj/ehad191

31. Lee KK, Bularga A, O’Brien R, Ferry A V, Doudesis D, Fujisawa T, et al.
Troponin-guided coronary computed tomographic angiography after exclusion of
myocardial infarction. J Am Coll Cardiol. (2021) 78:1407–17. doi: 10.1016/j.jacc.
2021.07.055

32. Six AJ, Backus BE, Kelder JC. Chest pain in the emergency room: value of
HEART score. Neth Hear J. (2008) 16:191–6. doi: 10.1007/BF03086144

33. Nestelberger T, Boeddinghaus J, Wussler D. Predicting major adverse events in
patients with acute myocardial infarction. J Am Coll Cardiol. (2019) 74:842–54.
doi: 10.1016/j.jacc.2019.06.025

34. Apple FS, Ler R, Murakami MAM. Determination of 19 cardiac troponin I and
T assay 99th percentile values from a common presumably healthy population. Clin
Chem. (2012) 58:1574–81. doi: 10.1373/clinchem.2012.192716

35. Gaze DC, Collinson PO. Multiple molecular forms of circulating cardiac
troponin: analytical and clinical significance. Ann Clin Biochem. (2008) 45:349–55.
doi: 10.1258/acb.2007.007229

36. Sanchis J, García-Blas S, Mainar L, Mollar A, Abellán L, Ventura S, et al. High-
sensitivity versus conventional troponin for management and prognosis assessment of
patients with acute chest pain. Heart. (2014) 100:1591–6. doi: 10.1136/heartjnl-
2013-305440

37. Ford I, Shah ASV, Zhang R, McAllister DA, Strachan FE, Caslake M, et al. High-
sensitivity cardiac troponin, statin therapy, and risk of coronary heart disease. J Am
Coll Cardiol. (2016) 68:2719–28. doi: 10.1016/j.jacc.2016.10.020

38. Taheri H, Chiti H, Reshadmanesh T, Gohari S, Jalilvand A, Arsang-Jang S, et al.
Empagliflozin improves high-sensitive cardiac troponin-I and high-density lipoprotein
cholesterol in patients with type 2 diabetes mellitus and coronary artery disease: a
post-hoc analysis of EMPA-CARD trial. J Diabetes Metab Disord. (2023)
22:1723–30. doi: 10.1007/s40200-023-01305-2

39. Visseren F, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al. 2021
ESC guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J.
(2021) 42:3227–337. doi: 10.1093/eurheartj/ehab484

40. Estis J, Wu AHB, Todd J, Bishop J, Sandlund J, Kavsak PA. Comprehensive age
and sex 99th percentiles for a high-sensitivity cardiac troponin i assay. Clin Chem.
(2018) 2:398–9. doi: 10.1373/clinchem.2017.276972
frontiersin.org

https://doi.org/10.1001/jama.2010.1768
https://doi.org/10.1056/NEJMoa0805299
https://doi.org/10.1016/j.jacc.2008.04.033
https://doi.org/10.1016/j.jacc.2008.04.033
https://doi.org/10.1161/CIRCULATIONAHA.106.655076
https://doi.org/10.1016/j.ijcard.2015.07.106
https://doi.org/10.1016/j.clinbiochem.2021.04.005
https://doi.org/10.1016/j.amjmed.2015.01.009
https://doi.org/10.1016/j.amjmed.2015.01.009
https://doi.org/10.1093/eurheartj/ehn504
https://doi.org/10.1373/clinchem.2012.190868
https://doi.org/10.1016/j.jacc.2016.04.046
https://doi.org/10.1016/j.jacc.2016.04.046
https://doi.org/10.1016/j.jacc.2024.02.004
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1016/j.jacc.2021.07.055
https://doi.org/10.1016/j.jacc.2021.07.055
https://doi.org/10.1007/BF03086144
https://doi.org/10.1016/j.jacc.2019.06.025
https://doi.org/10.1373/clinchem.2012.192716
https://doi.org/10.1258/acb.2007.007229
https://doi.org/10.1136/heartjnl-2013-�305440
https://doi.org/10.1136/heartjnl-2013-�305440
https://doi.org/10.1016/j.jacc.2016.10.020
https://doi.org/10.1007/s40200-�023-�01305-�2
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1373/clinchem.2017.276972
https://doi.org/10.3389/fcvm.2024.1450619
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Prognostication in emergency room patients: comparing ultrasensitive and contemporary quantification of cardiac troponin levels below the 99th percentile
	Introduction
	Methods
	Study design
	Assay
	Study population
	Follow-up events
	Statistical analysis

	Results
	Patient population and follow-up
	Predictive capacity of cTnI (cTnI Sgx and cTnI-ultra levels)

	Discussion
	Limitations

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


