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ABSTRACT

In accordance with all the most recent international guidelines, the variation of circulating levels of cardiac troponins 
I and T, measured with high-sensitivity methods (hs-cTnI and hs-cTnT), should be used for the detection of acute 
myocardial injury. Recent experimental and clinical evidences have demonstrated that the evaluation of hs-cTnI and 
hs-cTnT variations is particularly relevant: for the differential diagnosis of Acute Coronary Syndromes in patients 
admitted to the Emergency Department (ED); for the evaluation of cardiovascular risk in patients undergoing major 
cardiac or non-cardiac surgery, and in asymptomatic subjects of the general population aged >55 years and with co-
morbidities; for the evaluation of cardiotoxicity caused by administration of some chemotherapy drugs in patients with 
malignant tumors. The aim of this document is to discuss the fundamental statistical and biological considerations on 
the intraindividual variability of hs-cTnI and hs-cTnT over time in the same individual. Firstly, it will be discussed in 
detail as the variations of circulating levels strictly depend not only on the analytical error of the method used but also 
on the intra-individual variability of the biomarker. Afterwards, the pathophysiological interpretation and the clinical 
relevance of the determination of the variability of the hs-cTnI and hs-cTnT values  in patients with specific clinical 
conditions are discussed. Finally, the evaluation over time of the variation in circulating levels of hs-cTnI and hs-cTnT is 
proposed for a more accurate estimation of cardiovascular risk in asymptomatic subjects from the general population. 
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INTRODUCTION

In 2018, the Fourth Universal Definition of Myocardial 
Infarction (MI) introduced the term “myocardial injury” 
to define elevated cardiac troponin I or T, preferably 
measured with high-sensitivity assay methods (i.e., hs-
cTnI and hs-cTnT) (1). This document also established 
that the threshold value for myocardial injury is the 99th 

percentile of biomarker values estimated in a reference 
population [99th percentile upper reference limit (URL)]
(1). Furthermore, myocardial injury should be classified 
as “acute” when a significant increase or decrease 
in biomarker levels over a certain period of time is 
ascertained in patients admitted to the Emergency 
Department (ED) with chest pain. Otherwise, myocardial 
damage is defined as “chronic” when no significant 
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variation in biomarker levels is found (1). Importantly, this 
document proposed a nosographic entity (i.e., myocardial 
damage) that established a close connection between 
myocardial tissue damage and the results of a laboratory 
test (1).  

Again in 2018, the document from the American 
Association for Clinical Chemistry (AACC) and International 
Federation of Clinical Chemistry and Laboratory Medicine 
(IFCC) reported the quality specifications required for hs-
cTnI and hs-cTnT methods (2). The first criterion, which 
must be invariably present, is that these assays must be 
able to measure the 99th percentile URL with a coefficient 
of variation (CV) equal to or lower than 10%. The second 
criterion is that these assays must be able to measure 
biomarker levels above the limit of detection (LoD) in 
the majority of healthy adult subjects of both sexes. In 
detail, to obtain the 99th percentile URL with a confidence 
limit of 95%, this value must be calculated in a reference 
population including at least 300 men and 300 women 
considered in good health (2). Indeed, women have 
usually lower circulating troponin levels than men of the 
same age; it is then essential that hs-cTn methods are 
able to measure circulating levels of the biomarker in the 
majority of healthy women in the reference population (2-
4). In order to satisfy these two criteria a considerable 
experimental effort from the manufacturers is required. 
In particular, some analytical considerations suggest that 
hs-cTnI and hs-cTnT methods should have a LoD ≤3 ng/L 
(3-6). Indeed, only in the last 10 years hs-cTnI and hs-
cTnT methods meeting these quality specifications have 
become commercially available (2-6).

When using methods meeting such stringent quality 
specifications (1,2), it appears evident that, besides the 
analytical error associated with the measurement of 
the 99th percentile URL, the significant intra-individual 
variations are crucially important. Some recent clinical 
studies have found that the evaluation of variations of hs-
cTnI and hs-cTnT is particularly relevant: 
- for the differential diagnosis of acute coronary syndrome 

(ACS) in patients admitted to theemergency department 
(ED) (1,7-9); 
- for the evaluation of cardiovascular risk in patients 
undergoing major cardiac or non-cardiac surgery (10,11), 
as well as in asymptomatic subjects of the general 
population aged >55 years and with co-morbidities (12-
14); 
- for the evaluation of cardiotoxicity caused by cancer 
therapies (15-17).

The principal aim of this document is to emphasize 
pathophysiological and clinical relevance of intra-individual 
variations of hs-cTnI and hs-cTnT. Firstly, we will discuss 
the close relationship between analytical sensitivity 
of immunometric methods and measurement error. In 
particular, the variability of hs-cTnI and hs-cTnT over time 
in the same individual depends both on the analytical error 
of the method used and on the intra-individual variability 
of the biomarker (12). We will emphasize the notion that, 
although the hs-cTnI and hs-cTnT methods measure 
different biomarker concentrations in a same sample, 
the biomarker variations between two (or more) samples 
expressed as percentage are similar, especially for the 
values ≥99th percentile URL. Afterwards, we will discuss 
the pathophysiological interpretation and the clinical 
relevance of variability of hs-cTnI and hs-cTnT circulating 
levels in normal subjects, as well as in patients with some 
specific clinical conditions. Finally, the importance of 
the evaluation over time of circulating levels of hs-cTnI 
and hs-cTnT in asymptomatic subjects from the general 
population will be also discussed (12,13).

ANALYTICAL AND PATHOPHYSIOLOGICAL 
CHARACTERISTICS OF hs-cTn ASSAY 
METHODS

Analytical sensitivity and measurement error

The analytical sensitivity parameters of the most 
common hs-cTnI methods are shown in Table 1. These 

Table 1
Sensitivity of some assay methods for hs-cTnI.

Methods LoB
(ng/L)

LoD
(ng/L)

LoQ 10%, CV
(ng/L)

References

Architect 0.7 1.3 4.7 (6,19,21)

Access DxI 0.6 1.3 5.3 (6,21)

ADVIA XPT 1.0 2.2 8.4 (6,22)

Vitros 0.3 0.9 4.7 (24)

The values of the sensitivity parameters were evaluated in the reference laboratory during a study using plasma samples from an 
Italian population and standardized experimental protocols (6,19,21,22,24). 
ARCHITECT: method Architect Highly Sensitive TnI for the Architect i1000SR platform (Abbott Diagnostics, Ref. B3P250) (6,19,21). 
ACCESS DxI: method Access hsTnI (IUO) for the DxI platform (REF B52699, Beckamn Coulter, Inc. Brea, CA 92821 USA) (6,21). 
ADVIA: method ADVIA Centaur High-Sensitivity Troponin I (TNIH) (Ref. 10994774-5) for the Centaur XPT platform (Siemens 
Healthineers, Milano, Italy) (6,22). 
VITROS: method VITROS High-Sensitivity Troponin I for the VITROS 3600 platform (Ortho Clinical Diagnostics, REF 6844436, 
Raritan, New Jersey, USA) (24). 
LoB, Limit of Blank; LoD, Limit of Detection; LoQ, Limit of Quantitation.
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data derive from the results of an Italian multicenter study 
that has compared the analytical performances of several 
hs-cTnI and hs-cTnT methods in a reference laboratory 
using standardized experimental protocols (6,19-24). 
It is well known that imprecision of each immunometric 
method, expressed as CV, has a curvilinear relationship 
with biomarker concentration (4). For example, the results 
reported in Figure 1 show the imprecision profile of the 
Architect method (Abbott Diagnostics, Rome) for the 
measurement of hs-cTnI. The imprecision is very high 
for biomarker concentrations <3 ng/L, but it decreases 
progressively until reaching a plateau value corresponding 
to a CV ≤5% for hs-cTnI concentrations ≥10 ng/L.

The results reported in Table 2 summarize the values 
relating to the imprecision profiles of the most common 
hs-cTnI and hs-cTnT method, as previously published 
(6,18-24). Figure 2 shows the average imprecision 
calculated (expressed as CV%) in 50 plasma samples 
with biomarker concentrations measured with the hs-
cTnI and hs-cTnT, as reported in Table 2. These data 
demonstrate that the imprecision profiles of hs-cTnI and 
hs-cTnT methods are very similar if they are measured 
in the same reference laboratory and using standardized 
experimental protocols (4,6,18-24). This result is no small 
thing given that there are systematic differences not only 
between values measured with the hs-cTnI and hs-cTnT 
methods in the same samples, but also between values 
measured with different hs-cTnI methods, which are 
significantly inhomogeneous (4,6,25).

Circulating levels of hs-cTnI and hs-cTnT in the 
reference population

Back in 2000, the consensus document of the 
European (ESC) and American Cardiology (ACC) 
Societies had established that the 99th percentile URL had 
clinical relevance (26). At that time, however, there was no 
assay for cTnI or cTnT able to measure the 99th percentile 
URL with a CV ≤10%, as requested by international 
guidelines (1-4). For this reason, one might have thought 
that cTnI and cTnT could not be found in the circulation 
of healthy adults (i.e., without any heart damage). Over 
the last 15 years, thanks to the development of hs-cTnI 
and hs-cTnT methods (more than 20 times higher than 
the methods available in 2000) (4) and studies on the 
physiological renewal of the myocardium (3,27-29), it was 
demonstrated that small amounts of the biomarker (on 
average 2-5 ng/L) are present in the circulation of healthy 
adult subjects (4-6). These measurable concentrations of 
hs-cTnI and hs-cTnT are due to the sarcomere proteins 
that are released in the extra-cellular fluid after the death 
of cardiomyocytes that have completed their normal 
lifespan (3,4,27-32). Marjot et al. calculated that the 
value of the 99th percentile URL of hs-cTnI and hs-cTnT 
corresponds to the amount of biomarker released by the 
death of approximately 40 mg of myocardial tissue (30). 
The physiological renewal of the myocardium is greater 
in the infantile period and then progressively decreases 
to a value <1% per year, which remains stable in healthy 

Figure 2
Average imprecision profile of 4 hs-cTnI methods and the  
hs-cTnT method.
The values of the coefficient of variation (CV; y-axis) and 
biomarker concentration (x-axis) of the samples considered 
(10 for each method) are shown in Table 2. The results of the 
experimental measurements were interpolated by means of a 
reciprocal function (JMP 15.2.1, SAS Institute Inc.), as previously 
reported in detail (4). Each sample was measured at least 13 
times and in different days. 

Figure 1
Inaccuracy profile of the Architect method (Abbott Diagnostics).
The analytical imprecision values are reported as coefficient of 
variation (CV) on the y-axis while the concentration values of hs-
cTnI, measured in 24 plasma samples, are reported on the x-axis. 
The results of the experimental measurements were interpolated 
by means of a reciprocal function (JMP 15.2.1, SAS Institute Inc.). 
Each sample was measured at least 13 times and in different 
working days. More details on the analytical procedure used for 
the calculation of imprecision profile of hs-cTnI or hs-cTnT methods 
were previously reported (4).



DOCUMENTI SIBioC SIBioC DOCUMENTS

100           biochimica clinica, 2023, vol.47, n. 1

adult subjects (30,32). Based on this experimental 
evidence (3,4,27-32), the median concentration of hs-
TnI and hs-cTnT in healthy adult subjects corresponds 
to the renewal of ≤10 mg of cardiac tissue. This volume 
of cardiomyocytes is so small that it cannot be detected 
by even the most sensitive and sophisticated methods 
of non-invasive myocardial imaging (3,4,30). It is also 
hypothesized that physiological renewal is proportional to 
cardiac mass, which could explain why biomarker values 
are on average higher in men (mean heart mass 300 g; 
range 280-340 g) than in women (average cardiac mass 
250 g; range 230-280 g) (27-29).

The 99th percentile URL of the hs-cTnI and hs-cTnT 
methods in the healthy reference population should be 
determined using standardized experimental protocols in 
agreement with the recommendations of guidelines and 
specific expert documents, which rely on pathophysiological 
and statistical considerations (2,5,33-41). As reported in 
all the documents and guidelines (2,5,33-41), it is quite 
complex to establish the characteristics of the reference 
population required to calculate the distribution of hs-cTnI 
and hs-cTnT values. In principle, the reference population 
should consist of subjects aged >18 years of both sexes 
(with a sex ratio as close as possible to unity) comprising 
more than 600 surely “healthy” individuals, i.e., free from 
acute or chronic cardiovascular and non-cardiovascular 
disorders (2,5,33-40). However, all studies on large 
populations including “apparently healthy” subjects, 
characterized on the basis of their clinical history, physical 
examination (including blood pressure control and 
body mass index), and some laboratory tests (including 

blood glucose, creatinine, blood count, electrolytes, lipid 
profile, C-reactive protein, BNP, plasma and urine protein 
analysis) as well as specific cardiac tests (such as the 
ECG and echocardiogram) have shown that hs-cTnI and 
hs-cTnT values ​progressively increase after the age of 
55 in both sexes (5,33-40). This has been confirmed by 
many studies in different populations from Europe, North 
America, Australia and Asia, and using both hs-cTnI and 
hs-cTnT methods (5).

As for the statistical analysis, the calculation of the 
99th percentile URL in the reference population may be 
challenging when outliers are present. The number of 
outliers that significantly influences the calculation of the 
99th percentile tends to significantly and progressively 
decrease if increasingly restrictive inclusion criteria are 
used to enroll individuals in the reference population 
in order to exclude subjects with asymptomatic heart 
disease (2,5,34-38).

Another critical point in the estimation of the 99th 
percentile URL is the number of subjects enrolled in the 
reference population. At least 300 subjects per group 
are required to estimate the 99th percentile URL with a 
0.95 tolerance level, and at least 500 for a 0.99 tolerance 
level, respectively (39). Designing a new study that 
aims to determine the 99th percentile URL in a reference 
population with adequate statistical confidence means 
to face two conflicting needs. On the one hand there is 
a need to increase as much as possible the number of 
enrolled subjects (to improve statistical confidence and 
increase the possibility of carrying out the analysis of 
sub-groups). On the other hand, only subjects who meet 

Table 2
Imprecision profile of some methods for hs-cTnI and the method for hs-cTnT

Sample cTn interval
(ng/L)

cTnI Architect
(CV%)

cTnI Access
(CV%)

cTnI ADVIA
(CV%)

cTnI Vitros
(CV %)

cTnT ECLIA
(CV%)

Average
(CV%)

1 <3 32.2 34.6 65.5 33.0 58.5 44.8

2 ≥3 – <5 13.4 14.6 23.5 13.6 21.6 17.3

3 ≥5 – <10 9.6 9.8 15.1 9.7 14.2 11.7

4 ≥10 – <15 6.8 6.7 8.9 6.7 8.6 7.5

5 ≥15 – <20 5.9 5.7 6.8 5.7 6.8 6.2

6 ≥20 – <25 5.4 5.2 5.7 5.2 5.9 5.5

7 ≥25 – <30 5.1 4.8 5.1 4.9 5.3 5.0

8 ≥30 – <40 4.9 4.5 4.7 4.7 4.9 4.7

9 ≥40 – <50 4.7 4.4 4.1 4.5 4.5 4.4

10 ≥50 – <60 4.6 4.2 38 4.4 4.2 4.2

The last column provides the average values calculated through the different methods for each measured interval of the 
biomarker. 
The data reported in this table were partly taken from previously published studies performed in the reference laboratory of 
the SIBioC and ELAS Study Group for Cardiac Biomarkers (6, 19-25). For each biomarker concentration range (column 2) a 
sample was chosen for each hs-cTnI or hs-cTnT method, which was then measured several times in successive days (n >13) 
to monitor the imprecision of the method. In total, 50 samples were chosen (10 for each method), prepared in the laboratory 
using heparin plasma from normal subjects or patients with cardiovascular disease to cover the entire concentration range of 
the marker from <3 ng /L to <60 ng /L. The biomarker values of these 50 samples were used to calculate the mean imprecision 
profile between hs-cTnI and hs-cTnT methods reported in Figure 2.
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the criteria of “normality”, in agreement with international 
guidelines, should be recruited (5,34-40). The complexity 
of enrollment and the overall costs become very high 
when trying to address both needs. 

From a statistical perspective, the choice of the most 
appropriate statistical method to be used for the calculation of 
the 99th percentile is also critical (2,5,34-40). The distribution 
of hs-cTnI and hs-cTnT values in the reference population 
is asymmetric and tends to be normally distributed only after 
log-transformation. Both parametric and non-parametric 
methods were used to calculate the 99th percentile URL 
value of hs-cTnI and hs-cTnT methods (2,5,33-40). The 
EP28-A3c IFCC-CLSI guidelines (41) and the 2018 AAC 
and IFCC guidelines (2) recommend the use of non-
parametric methods. This statistical approach has been 
most commonly used in population studies to calculate the 
99th percentile URL (2, 5,34), even if it is strongly influenced 
by the presence of outliers. More recently, the bootstrap 
method has been proposed (42). It is more complicated 
from a mathematical point of view and generally requires 
the advice of expert statisticians and a high computing 
power (5,37,40). The bootstrap method is considered less 
dependent on outliers and may be preferable, especially 
when a large amount of data is available (5,37,40,42). 
Regardless of the statistical approach to calculate the 
99th percentile URL, a preliminary identification of the 
outliers is important (2,4,43-45). The EP28-A3c IFCC-
CLSI guidelines (41) recommend the Dixon method 
(43), but Tukey’s method (44) has also been widely used 
(5,39,40,45). Both these tests assume a normal distribution 
of biomarker values in the reference population; therefore, 
the measured hs-cTnI and hs-cTnT concentrations should 
be log-transformed before the calculation of 99th percentile 
URL (5,40). In April 2022, the IFCC Committee on Clinical 
Application of Cardiac Bio-Markers published an important 
document that provides seven specific recommendations 
covering all the main considerations on the statistical, 
analytical, pathophysiological and clinical aspects related 
to the estimation and interpretation of the 99th percentile 
URL values of the hs-cTnI and hs-cTnT methods (45).

Differences between cardiac troponins I and T

All guidelines (1,2,7,8) basically agree that the hs-cTnI 
and hs-cTnT methods have similar diagnostic accuracy and 
can be used to diagnose an acute or chronic myocardial 
damage. However, cTnI and cTnT differ in terms of gene 
expression, biochemical features, physiological actions, 
and kinetics of release from cardiomyocytes (Table 3) (46). 
Furthermore, the hs-cTnI and hs-cTnT methods have very 
different analytical characteristics (4,47). Based on these 
premises, it is important to check if hs-cTnI and hs-cTnT 
measurements give similar information in different clinical 
settings (4,46).

Some studies have shown that the measurement of 
hs-cTnI and hs-cTnT in the same sample can sometimes 
provide discrepant results in some specific clinical 
conditions (particularly congenital neuro-muscular 
diseases and severe chronic inflammatory myopathies) 
or in some samples with substances that interfere with 
the immunometric systems used to measure the two 
troponins (4,46,47). In addition, the two troponins have 
different kinetics, most likely because of a slower release 
of cTnT from necrotic cardiomyocytes and/or a longer 
circulating half-life than cTnI in patients with re-perfused 
MI (30,31,48-51).

 After puberty, both hs-cTnI and hs-cTnT are higher 
in males than females. However, the difference between 
sexes is significantly higher for hs-cTnI than for hs-cTnT. 
In 2017 a meta-analysis (5) reported that the mean 
difference between the 99th percentile URL values of hs-
cTnI (Architect method) measured in the two sexes in 10 
studies of reference populations from different continents 
was 10.97 ng/L [95% confidence interval (CI) 7.10-14.85], 
while the difference for the 99th percentile URL value of 
hs-cTnT in 9 studies was 4.59 ng/L (95%CI 1.60-7.57). In 
agreement with these data, the manufacturers of all hs-
cTnI methods recommend the use of the sex-specific 99th 
percentile URL, while the manufacturer of the hs-cTnT 
method recommends a single 99th percentile URL (13.9 
ng/L; 95%CI 12.7-24.9 ng/L) (2,5).

Table 3
Biochemical and physiological characteristics of cTnI and cTnT.

Troponin Molecular 
weight

Gene Number of 
amino acids

Physiological function Kinetics in vivo

cTnI 24 kDa TNN13 
Chromosome 19 
(19q13.4)

209 Binding to cTnC and actin

 

Quicker

cTnT 36 kDa TNNT2 
Chromosome 1 
(Iq32.3)

287 Binding to cTnC and 
tropomyosin

Slower and biphasic 
in some patients with 
myocardial infarction

Data reported in accordance with the reference (46).
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Take-home messages

- In the reference population of apparently healthy adult 
individuals (aged >18 years), hs-cTnI and hs-cTnT 
values are higher in men than in women of the same 
age and increase after 55 years in both sexes.

- Although the 99th percentile of the biomarker distribution 
in the reference population (99th percentile URL) is 
considered by all guidelines to be the decision value for 
assessing the presence of heart damage (myocardial 
injury) and the differential diagnosis of ACS, the methods 
to calculate this reference limit are still controversial, in 
terms of the statistical approach and the composition of 
the reference population.

- For all hs-cTnI methods, the respective manufacturers 
recommend that the value of the 99th percentile URL be 
distinguished by sex, while the manufacturer of the hs-
cTnT method recommends using a unique value for both 
sexes.

TEMPORAL VARIATIONS OF CARDIAC 
TROPONINS IN HEALTHY SUBJECT AND IN 
PATIENTS WITH CARDIOVASCULAR DISEASES

hs-cTnI and hs-cTnT as individual indexes

Table 4 summarizes the main physiological 
characteristics of hs-cTnI and hs-cTnT and the analytical 
characteristics of the measurement methods according to 
the data reported in the literature (4,6,18,22,23,46,47,52-
56). Overall, hs-cTnI and hs-cTnT values emerge 
as individual indexes, and then as possible tools for 
personalized medicine (57). 

The individuality index (generally abbreviated as II) 
expresses the relationship between the intra-individual 
variability (CVi) and the general variability between 
individuals (CVg) for a biomarker (56,58). The cardiac-
specific biomarkers natriuretic peptides and cardiac 
troponins have different II values (56,59). Natriuretic 
peptides (especially the peptide hormones ANP and 

BNP) have high CVi and CVg values, and their II is >0.6 
(56,59). Conversely, the II of cardiac troponins is much 
lower (≤0.3) when these biomarkers are measured using 
hs-cTnI and hs-cTnT methods in healthy individuals 
(Table 5) (56,60-65).

Some recent studies have demonstrated that the 
biological variation of cardiac troponins is similar in 
healthy subjects (56,60-65) and patients with cardiac 
or non-cardiac diseases (66-71). The results of clinical 
studies reported on PubMed (date of the latest search: 12 
December 2022) concerning the evaluation of biological 
variability in healthy adult individuals using hs-cTnI and 
hs-cTnT methods are summarized in Table 5. Koerbin et 
al. (70) evaluated the intra-individual variability of hs-cTnI 
in patients admitted to the ED, in whom a MI was excluded. 
The CVi of hs-cTnI ranged from 10% to 20%, according 
to the specific setting, leading to values of II always 
<0.20 (70), in agreement with previous studies including 
only healthy subjects (Table 5) (56,60-65). Moreover, a 
recent meta-analysis (71) including 16 studies for cTnI 
(including 11 with hs-cTnI methods) and 15 hs-cTnT 
further confirmed that the value of II for both troponins, 
although evaluated over different periods of time and in 
both healthy subjects and in patients with different clinical 
conditions, can range from a minimum 0.03 (in patients 
studied for ≤24 hours) to a maximum of 0.44 (in healthy 
subjects studied for >24 hours). Interestingly, hs-cTnI and 
hs-cTnT have similar II values  than creatinine (about 0.3) 
(58), which is considered a biomarker closely related to 
skeletal muscle mass (3,27-31).

A biomarker with an II value <0.6 is generally 
considered to have a good correlation with individual 
physiological characteristics (in particular sex, age and 
body mass) (58). When we use a biomarker with an II 
value much lower than 0.6 (such as cTn and creatinine), 
even biologically significant variations over time could 
remain within the reference intervals estimated from the 
general population. To optimize diagnostic accuracy, it 
would therefore be appropriate not to refer to the classic 

Table 4
Summary of the main physiological characteristics of hs-cTnI and hs-cTnT and of the analytical characteristics of the 
measurement methods

- Cardiac troponins are cardiac-specific biomarkers (4,46).
- Concentrations of di hs-cTnI and hs-cTnT are stable at room temperatures for 6 hours (52) and at least one year at -80° C 
(53).
- Cardiac troponins can be measured in both plasma and serum, although there may be a discrepancy between the 
values ​​measured in the same blood sample transformed into plasma (with the addition of heparin or EDTA) or serum after 
centrifugation (4,23).
- The LoD value of the hs-cTnI and hs-cTnT methods is about 1-3 ng/L (4,6,18,47).
- The hs-cTnI and hs-cTnT methods are relatively inexpensive laboratory tests (around 5 euros for each sample).
- The measurement of hs-cTnI or hs-cTnT can be obtained in less than 30 minutes with the most common automated platforms 
and recently also with some recent Point Of Care Testing (POCT) methods for the measurement of hs-cTnI (4,54,55).
- Both cardiac troponins have an average intra-individual biological variability of about 10% CV and an average individuality 
index of 0.3 (56).
- Although the values ​​measured with the various methods of hs-cTnI and hs-cTnT are different and therefore have different 
reference limits, the Reference Change Value (RCV), expressed as %, are similar for the biomarker values measured around 
the 99th percentile URL (mean RCV about 30%, minimum-maximum range, about 25-45%) (6,23,56).
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Table 5
Summary of the results reported in the literature concerning the parameters of biological variability evaluated in healthy 
adult subjects using hs-cTnI and hs-cTnT methods

Reference Method Period 
of time 

Number of 
subjects 
studied

CVa 
(%)

CVi 
(%)

CVg 
(%)

II

hs-cTnI

Wu et al. 2009
(60)

 Singulex 4 hours 12 8.3 9.7 57.0 0.2

Wu et al. 2009
(60)

Singulex 8 weeks 17 15.0 14.0 63.0 0.4

Wu et al. 2012 
(61)

Singulex 9 months 17 15.2 27.9 70.9 0.5

Schinder et al. 2016 
(62)

Abbott Architect 1 week 20 4.8 14.5 44.0 0.3

Schinder et al. 2016 
(62)

Abbott Architect 12 weeks 20 4.8 14.7 56.7 0.3

van der Linden et al. 2017 
(63)

Abbott Architect 1 hour 18 10.0 8.6 49.6 0.3

van der Linden et al. 2017 
(63)

Abbott Architect 6 hours 18 10.1 9.2 48.6 0.3

Zaninotto et al. 2020 
(64)

Beckman 
Coulter Access 
UniCell DxI

7 hours 35 7.1 4.2 23.4 0.4

Ceriotti et al. 2020 
(65)

Singulex 10 weeks 89 11.6 16.6 - -

Ceriotti et al. 2020 
(65)

Siemens 
Centaur XPT

10 weeks 91 10.7 13.8 - -

Calculated average of
hs-cTnI methods 9.8 13.3 51.6 0.3

hs-cTnT

Aakre et al. 2014 
(66)

ECLIA 
Modular E

6 hours 15 9.9 1.3 32.6 0.3

Corte et al. 2015
(67)

ECLIA 
Cobas e411

5 weeks 11 5.1 5.9 304 02

Fournier et al. 2017
(68)

ECLIA 
Cobas e602

24 hours 17 4.2 9.7 47.2 -

Mejers et al. 2017 
(69)

ECLIA 
Modular 

4 months 28 1.5 16.0 51.2 0.3

Calculated average of
hs-cTnT methods 

5.2 8.2 40.3 0.3

Difference hs-cTnI vs hs-
cTnT

Non-parametric 
Wilcoxon text

p=0.0475 p=0.2883 p=0.8651 p=0.2207

CVa indicates the analytical variability of the method (i.e., the analytical error expressed as a coefficient of variation, CV), 
CVi the intra-individual variability. The individuality index (generally abbreviated as II) expresses the relationship between 
the intra-individual variability (CVi) and the general variability between individuals (CVg) for a biomarker.
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reference intervals, but instead to use values measured 
on samples of the same individual collected at different 
times (58).

The 99th percentile URL value of the hs-cTnI and 
hs-cTnT methods has broad confidence limits

As shown in Table 6, the 95%CI values for the 
estimate of the 99th percentile URL concerning the three 
most popular hs-cTnI methods in European and North 
American countries show intervals >5 ng/L (6). Similar 
results have been reported also for the hs-cTnT method 
(72,73). The large 95%CI for the estimate of the 99th 
percentile URL is due to the significant dispersion of hs-
cTnI and hs-cTnT values in the reference population, 
reflecting sex-related differences (women have on 
average 30-40% lower values than males), age (ranging 
from 19 to more than 100 years), and body mass (which 
has a strictly relationship with myocardial mass) (2-6).

In agreement with the recommendations of the Fourth 
Universal Definition of MI (1), a single hs-cTnI or hs-cTnT 
value greater than the 99th percentile URL is sufficient to 
diagnose a myocardial injury. Therefore, this diagnosis 
is influenced by the analytical performance of the assay 
method, which presents an imprecision (CVa) (on average 
8.5% with hs-cTnI and hs-cTnT methods), and the intra-
individual variability (CVi) of healthy adult subjects (on 
average 10.8% with hs-cTnI and hs-cTnT methods), as 
reported by the results of biological variability studies in 
healthy adult subjects (Table 5). From a clinical point of 
view, it is very important to take into consideration the wide 
variability of the threshold value (99th percentile URL). By 
analyzing the data shown in Table 6, the 95%CI of the 99th 
percentile for the three hs-cTnI methods has very large 
values, corresponding to about one half of the same 99th 
percentile URL. Furthermore, an increase in biomarker 
concentration of about 7-10 times must occur to go from 
the median value of hs-cTnI in healthy subjects (about 
2-3 ng/L) to the 99th percentile value (Table 6). Similar 
considerations apply to the hs-cTnT method (18,72,73), 

even if there are significant differences between the 
two troponins in terms of analytical performance and 
pathophysiological characteristics (4,5,46,50,51). 

Reference Change Value

The Fourth Universal Definition of MI recommends 
that MI be diagnosed when myocardial injury is 
accompanied by signs and/or symptoms suggestive of 
acute myocardial ischemia (1). In order to demonstrate 
an acute myocardial ischemia, recent guidelines and 
documents from international experts (7,8,74) have 
discussed the clinical importance of diagnostic algorithms 
based on the collection of serially collected blood 
samples taken immediately upon admission to the ED 
and after a few hours (1 to 3 or more hours) in patients 
with suspected non-ST-segment elevation MI (NSTEMI), 
using hs-cTnI and hs-cTnT methods. 

The assessment of variations in hs-cTnI or hs-cTnT 
over a certain period of time should be more accurate 
and precise than the comparison between a single 
patient value and the 99th percentile URL, considering 
not only the mathematical/statistical point of view but also 
the intra-individual biological variability. In particular, the 
II expresses the relationship between CVi and CVg for a 
biomarker (56,58).

The mathematical/statistical approach commonly 
recommended to evaluate the variation of a biomarker 
measured with the same method in two samples is the 
calculation of the Reference Change Value (RCV) (58):

RCV = 2 ½ x Z x [(CVa)2 + (CVi)2]½

where CVa indicates the analytical variability of the 
method (i.e., the imprecision expressed as a coefficient 
of variation, CV), CVi the intra-individual variability of the 
subject, and Z the Zeta score, which for a bidirectional 
probability of 95% is 1.96 (58).

Regarding CVa, the data respectively reported in 
Figures 1 and 2 and Table 2, demonstrate that the 

Table 6
Median and 99th percentile values ​​(ng/L) measured with three hs-cTnI methods in an Italian reference population.

Method Population

 

Median

(ng/L)

99th percentile (95%CI)

(ng/L)

Architect Women (n= 699) 1.4 9.7 (6.8-12.4)

Men (n= 764) 2.1 17.2 (14.2-20.6)

Access Women (n= 703) 2.3 9.2 (7.2-14.2)

Men (n= 757) 3.2 14.0 (12.4-17.0)

ADVIA XPT Women (n= 679) 2.7 24.7 (16.3-37.8)

Men (n=731) 3.9 41.8 (28.7-48.8)

The 99th percentile value was calculated with the bootstrap method, as previously reported in detail (6).
CI, confidence interval; n, number of subjects studied per group.
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analytical error of the hs-cTnI and hs-cTnT methods tends 
to be high for biomarker values <5 ng/L (with mean CV% 
values >44% for concentrations <3 ng). However, for all 
hs-cTnI and hs-cTnT methods, the analytical variability 
tends to decrease with increasing concentrations and 
then stabilizes on CV values around 5% for biomarker 
concentrations close to the 99th percentile (i.e., ≥12 ng/L).

As for CVi, in Table 5 are reported the results of studies 
evaluating the biological variability of cardiac troponins 
in healthy adult subjects using hs-cTnI (6 studies) and 
hs-cTnT methods (4 studies) (60-65). Although these 
studies show substantial differences in terms of methods 
used and experimental protocols adopted (number of 
subjects studied and study period), the II is on average 
equal to 0.3 for both hs-cTnI and hs-cTnT methods (60-
65). In particular, the CVi value is on average 13.3% for 
the hs-cTnI methods and 8.2% for the hs-cTnT methods, 
but the difference is not significant (Table 5).

Koerbin et al. have recently confirmed that even in 
patients admitted to the ED without a definitive diagnosis 
of MI, the value of II is still <0.2, while the value of CVi 
depends on sex, age and time sampling, with CV values 
from 9.7 to 17.6 (70). In a recent meta-analysis, CVi values 
ranging from 4.1 to 15.1 were found in clinical studies 
employing hs-cTnI (16 studies) and hs-cTnT (15 studies) 
methods (71). In particular, II values for the hs-cTnI and 
hs-cTnT methods ranged from 0.03 to 0.15 over short 
sampling periods (a few hours), while they were higher, 
from 0.12 to 0.44, in studies with longer sampling periods 
(weeks or months). Furthermore, populations including 
only healthy subjects showed higher variability and 
therefore also higher II values, compared to populations 
including non-healthy individuals (71).

The results of the most recent studies have clearly 
demonstrated that CVi values are relatively stable 
both in normal subjects (Table 5), and in patients with 
cardiovascular disease (70,71), as well as those of CVa 
for all hs-cTnI and hs-cTnT methods (Table 2 and Figure 
2). Accordingly, it is not surprising that RCV values 
(estimated with a probability of 95%) can vary on average 

by only 32.0% (with a minimum of 26.0% and a maximum 
of 45.4%) in the range of values between 5 ng/L and  
40 ng/L, considering 3 different hs-cTnI methods and the 
hs-cTnT method, as reported in Table 7 (20,23,56,75-77).

Take-home messages

- The II value is much lower for cardiac troponins than 
the other cardiac biomarkers (also including natriuretic 
peptides), being on average 0.3 for the hs-cTnI methods 
and the hs-cTnT method (56, 60-71).

-	The 95%CI for the 99th percentile URL, which 
represents the threshold limit for the diagnosis of 
myocardial injury and MI, shows a large variability in 
the reference population as it depends not only on the 
analytical performances of hs-cTnI or hs-cTnT methods, 
but also on age, sex and body mass characteristics of 
the reference population (2,3,5,12,30,33-36).

- Although there are systematic differences between the 
measured biomarker concentrations, the imprecision 
profiles of the hs-cTnI and hs-cTnT methods are very 
similar (9,20,23,56,70,71,75-77).

- RCV values (estimated with a 95% probability) for a 
series of two samples have been reported to vary on 
average by 32% (with a minimum of approximately 
25% and a maximum of approximately 45%), 
considering many both experimental and clinical studies 
(9,20,23,56,70,71,75-77).

CLINICAL RELEVANCE OF BIOLOGICAL 
VARIABILITY

Myocardial Infarction 

According to 2021 AHA/ACC clinical practical 
guideline, of all patients admitted to Emergence 
Department (ED) with chest pain in United States, 
only 5.1% will have an ACS and more than half will 
ultimately be found to have a non-cardiac cause (78) 
Nonetheless, chest pain is the most common symptom of 

Table 7
Reference Change Value (RCV) values ​​for hs-cTnI and hs-cTnT methods for range of values from 5 ng/L to 40 ng/L.

Method RCV, % 
mean (SE)

RCV, % 
minimum-maximum

References

hs-cTnI

Architect 31.3 (1.5) 28.4 – 36.9 (23,56)

Access 31.0 (1.9) 27.5 – 38.1 (56,76)

ADVIA XPT 33.4 (3.0) 27.4 – 43.8 (56,75)

hs-cTnT

ECLIA 32.4 (3.5) 26.0 – 45.4 (20,56)

Global mean (SE) 32.0 (0.5) 26.0 – 45.4

RCV% values were calculated according to Formula 1 in a reference laboratory using standardized protocols, as detailed previously 
(20,23,56,75,76).
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coronary artery disease (CAD) in both men and women. 
Considering all ED patients with chest pain, only about 
5% of these patients have an ACS, and more than half 
will ultimately be found to have no cardiac cause related 
to chest pain (78). Nonetheless, chest pain is the most 
common symptom of CAD in both men and women 
(78,79). The definition of MI, according to the Fourth 
Universal Definition of Myocardial Infarction (1), has 
been previously discussed in detail in the Introduction 
section of this document. It is important to emphasize that 
chronic myocardial damage is much more frequent than 
acute myocardial injury in patients (especially the elderly 
and with co-morbidities) in which the measurement of 
hs-cTnI and hs-cTnT is usually performed (79,80). Thus, 
the importance of the distinction between acute injury, 
characterized by ≥ 20% changes in hs-cTnI levels (1), 
and chronic heart damage with stable biomarker levels 
(<20% change) is clinically very important (79,80).

To perform a correct estimate of changes in hs-cTnI 
and hs-cTnT values, the first sample should be collected 
immediately upon admission to the ED and the following 
one within a few hours (commonly from 1 to 3 hours, but 
in some cases even 6 or 12 hours), as established by 
guideline-recommended diagnostic algorithms (7,8,74). 
However, even the most recent guidelines are not in 
agreement on which is the most accurate algorithm and 
more importantly the one with the best cost/benefit ratio 
(7,8,74,77-79).

The faster algorithms, with a sampling on admission 
to the ED and the second after 1 hour or after 2 hours, 
have the advantage of obtaining a faster rule-out of 
patients compared to the classic 0-3 hours algorithm (8). 
In particular, the 2020 ESC guidelines (8) recommend 
rapid algorithms (0-1 and 0-2 hours) for rule-in and 
rule-out, suggesting significant changes (delta change, 
expressed in ng/L) specific to each hs-cTnI and hs-
cTnT method, including two hs-cTnI point-of-care tests 
(POCT). However, reliable evidence for the delta values 
for the fastest algorithms is still lacking for some hs-
cTnI methods (7-9,74). The 2020 ESC guidelines also 
recommend specific levels for rule-in and rule-out at time 
0 (i.e., using only one admission value). Generally, the 
cut-off level indicated for the rule-out at time 0 is lower 
than or equal to the LoD value of the method, and has a 
negative predictive value (NPV) equal to 99% (8,9,77,79). 

In particular, the HIGH-US study evaluated the 
accuracy of the 0-1 hour algorithm using the hs-cTnI 
method (Siemens Atellica Immunoassay) in 2113 adult 
individuals presenting to the ED of 29 US medical centers 
with suspected MI (81). In this study, 1 065 patients 
(50.4%) were ruled-out, with a negative predictive value  
(NPV) of 99.7% and sensitivity of 98.7% (95%CI from 
99.2% to 99.9% and from 96.3% to 99.6%, respectively), 
whereas 265 patients (12.6%) were ruled-in, having a 
positive predictive value (PPV) of 69.4% and specificity 
of 95.7% (95%CI 63.6% to 74.7% and 94.7% to 96.5%, 
respectively). The remaining 783 patients (37.1%) were 
classified as having continued evaluations, with an acute 
myocardial infarction incidence of 5.6% (95% confidence 
interval 4.2% to 7.5%) (81). Furthermore, in this study 
equivalent results were observed using the most rapid 

the 0-1 hour algorithm or the 0-2 to 3-hour algorithms.
Nevertheless, some recent expert documents and 

guidelines suggest that it is always necessary to ensure 
that the symptoms began at least 3 hours before the 
collection, because hs-cTnI and hs-cTnT levels increase 
more slowly in the first hours and therefore it is more 
difficult to detect a significant variation in the biomarker 
levels (8,9,77,79). The levels recommended by the ESC 
2020 guidelines for rule-in at time 0 are approximately 
5 times or more the value of the 99th percentile URL 
(8,78,80). However, the PPV of rapid rule-in algorithms 
is on average 70-75%, so these patients always require 
further non-invasive and invasive investigations to confirm 
the diagnosis of MI (such as coronary angiography) (7).

Overall, the table of hs-TnI and hs-cTnT values reported 
in the ESC 2020 guidelines is not easy to understand and 
interpret. The multiplicity of data reported requires a careful 
reading and almost certainly repeated re-considerations 
(7). Even after a careful examination there are still some 
points open to discussion (7-9,73,77-79).

The values of delta recommended by the 2020 ESC 
guidelines were derived from multicenter studies where 
the optimal accuracy was calculated for both sensitivity 
(NPV=99%) and specificity (PPV=70%) (7). However, while 
the optimal delta values for the hs-cTnT method and the 
Architect hs-cTnI method have been validated in multiple 
studies, few studies are available for the other hs-cTnI 
methods (including the POCT methods) (7,8, 54,55,74,81-
87). It is conceivable that the optimal values found in a single 
study strictly depend on the demographic characteristics 
(especially age and sex distribution) and clinical conditions 
of the enrolled patients (2,5,7,34-40,45,72-74).

Another point concerns the sex specificity of cut-off 
values or delta, since it is well known that the values 
of the 99th percentile URL differ significantly between 
men and women (1,5,7,9,45,74,77,79). The 2020 ESC 
guidelines recommend equal cut-off values (for a single 
measurement) or delta (for two measurements) for 
men and women (8), while other guidelines support the 
use of different cut-off values among men and women, 
because this distinction of reference values by sex 
seems to improve diagnostic accuracy, especially in 
women (1,7,9,45,74,79,88,89). The 2020 ESC guidelines 
seem to take into consideration for the choice of cut-
off values and delta recommended only a few studies, 
performed in a few institutions, evidently selected by the 
members of the ESC Task Force for the high quality of the 
experimental design and the characteristics and clinical 
demographics of the patient populations enrolled in the 
studies (8,81-87). Indeed, the delta values suggested by 
2020 ESC guidelines (8) for the management of NSTEMI 
patients can vary according to methods, to rule-in/rule-
out algorithms, and probably also to sex, at least for the 
hs-cTnI methods (2,7,9,38,54,74,79).  

On the contrary, the RCV values (expressed as %) 
are less subject to variations among hs-cTnI and hs-cTnT 
methods (9,20,23,56,70,71,75-77). In particular, RCV 
values for a series of two samples were reported to vary 
on average by 32% for concentrations values of hs-cTnI 
and hs-cTnT methods from 5 ng/l to 40 ng/L (Table 7), in 
agreement with many experimental and clinical studies, 
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including both healthy adult subjects and patients 
admitted to the ED in whom the presence of acute heart 
damage was excluded (9,20,23,45,56,70,71,75-77). The 
RCV% for evaluating the kinetics of hs-cTnI and hs-
cTnT in patients admitted to the ED with suspected MI 
is recommended by many guidelines or expert papers 
(1,7,45,74,78,79). Generally speaking, as a thumb rule, it 
seems much easier to use the RCV values expressed as 
a percentage rather than absolute changes (expressed 
as ng/L) to evaluate the biomarker kinetics using hs-cTnI 
methods for the diagnosis of acute myocardial injury, 
according to the Fourth Universal Definition of Myocardial 
Infarction (1).

Considering the different recommendations among 
the most recent international guidelines concerning the 
use of delta change or RCV values for the rule-in/rule-
out of patients admitted to the ED with suspected MI, 
several expert documents and international guidelines 
strongly recommend a very close collaboration between 
clinicians and laboratorians in order to better understand 
issues related to the analytical characteristics and clinical 
performances of all hs-cTnI and hs-cTnT methods, 
especially concerning LoD, 99th percentile URL, and cut-
off (like as delta changes) values (2,4,7,9,38,54,74,79). 
The ultimate goal of this collaboration should be the 
choice of the rule-in/rule-out algorithm more appropriated 
for patients admitted to the ED with suspected MI in their 
clinical institution. 

The evaluation of the kinetics of hs-cTnI and hs-cTnT 
values as RCV% has also the advantage of providing 
a more accurate estimate of the risk of cardiac disease 
even in patients presenting with chronic or acute non-
ischemic myocardial damage (78-80).

It is now commonly ascertained that the use of hs-cTnI 
and hs-cTnT methods has led to a progressive increase 
in the incidence of NSTEMI compared unstable angina 
(8,9,78,80). In 2020, Chapman et al. (80) confirmed that 
patients with myocardial injury or NSTEMI are at a higher 
risk of death from non-cardiac events, occurring within 
30 days in approximately one third of these patients 
due to complications from lung disease or sepsis (80). 
However, patients with cardiac injury or NSTEMI have a 
lower mortality rate from major adverse cardiovascular 
events (MACE) than patients with STEMI (9,78,80). 
However, according to this study (80), 1/6 of patients with 
heart damage or NSTEMI are at risk of death from MACE 
within 1 year; this risk is 3 times higher than in patients 
with no evidence of heart damage.

Take-home messages

-	The algorithms for the NSTEMI diagnosis with a 
sampling on admission to the ED and the second one 
after 1 or 2 hours have the advantage of a faster rule-
out compared to the classic 0-3 hours algorithm (7,8). 

-	The 2020 ESC guidelines (8) recommend cut-off 
values (for a single measurement) or delta (for two 
measurements in series) equal for men and women, 
while other recent guidelines or international documents 
support the use of different threshold values between 
men and women, especially using the hs-cTnI methods 
(7,9,74,79).  

-	To evaluate the variations of hs-cTnI and hs-cTnT values 
in patients admitted to the ED with suspected NSTEMI, 
it seems much easier to use RCV values expressed 
as a percentage (using a value ≥30% as a threshold) 
rather than as delta (i.e., expressed in concentration 
difference in ng/L), as recommended by the 2020 ESC 
guidelines. 

-	Considering the different recommendations among 
the most recent international guidelines, clinicians and 
laboratorians should collaborate together in order to 
choose the rule-in/rule-out algorithms more appropriated 
for patients admitted to the ED with suspected MI in 
their clinical institution (2,7,9,38,74,79).  

CARDIOVASCULAR RISK IN THE GENERAL 
POPULATION

As a consequence of the recent introduction of hs-cTnI 
and hs-cTnT methods in the clinical practice (2-6,12-14), 
several meta-analyses have demonstrated that some 
“apparently healthy” individuals with hs-cTnI and hs-cTnT 
concentrations in the upper tertile have a significantly 
worse cardiovascular outcome (14,90-93). Furthermore, 
hs-cTnI and hs-cTnT values  increase progressively after 
55 years in both sexes in the general population (3,5,12, 
13,33-40), and cardiovascular disease becomes more 
prevalent after the fifth or sixth decade of life (94,95).

The close association between senescence and 
increased circulating levels of hs-cTnI and hs-cTnT 
might be usefully explained through the notion of 
“inflammaging” (or “inflammageing”), introduced by 
Franceschi et al. in 2000 (96). Inflammaging defines 
a set of pathophysiological mechanisms in older 
individuals who have a very high susceptibility to disease 
manifestations, disability, frailty and premature death 
(97-99). This condition is typically associated with high 
circulating levels of inflammatory biomarkers (96-99). 
Recent evidence has shown that inflammaging is a 
hallmark of cardiovascular diseases typical of the elderly, 
such as atherosclerosis, systemic arterial hypertension 
and rapid progression to heart failure (HF) (98-101). For 
this reason, inflammageing, cardiovascular disease and 
life expectancy are closely related (94, 98, 100-103).

The Senescence-Associated Secretory Phenotype 
(SASP) has been attributed to senescent cells secreting 
high levels of pro-inflammatory cytokines, immuno-
modulators, angiogenic growth factors, metalloproteases, 
especially in tissues with a low rate of cell renewal such 
as the myocardium (99,102,103) (Figure 3). Chronic 
activation of the pathogenetic mechanisms linked to 
SASP stimulates not only the secretion of natriuretic 
peptides (101,104, 105), but also may produce some 
cytotoxic effects on cardiomyocytes inducing a myocardial 
damage (100). Consequently, the mechanisms related 
to SASP is strictly related to a progressive reduction 
of cardiomyocytes in the myocardial tissue of the 
elderly, which are gradually replaced by fibrotic tissue 
(102,103,106-109). This progressive ventricular 
remodeling is pathological, because it induces a 
progressive decline in myocardial function and beyond a 
certain point is considered irreversible (110).
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According to the ACC/AHA 2005 guidelines on the 
diagnosis and management of chronic HF in the adult 
(111), the natural history of HF can be divided into four 
periods in which the first two (stages A and B), which are 
still asymptomatic and without the typical signs of the 
disease, are considered still reversible. If an adequate 
therapy is instituted early, the patient can regain a 
normal cardiac function (110,111). Conversely, in the 
last two stages (C and D) symptoms are present and 
there are alterations of the structure and function of the 
myocardium that are deemed irreversible. A therapeutic 
intervention is just able to slow down disease progression 
(110,111).

In 2017, the results of the MORGAM/BiomarCaRE 
study were published, supporting the hypothesis that 
repeated measures of hs-cTnI or hs-cTnT are able to 
highlight individuals in the general population at higher 
risk for cardiovascular events in subsequent years (112). 
This study collected data from a Danish population (3 975 
participants, with an age at baseline of 30-60 years, 51% 
female, apparently healthy) followed with a total of 26 years 
(from 1982 to 2009). The hs-cTnI values (ARCHITECT 
i2000SR method, Abbott Diagnostics) were measured in 
this population in samples collected in 3 series every 5 
years (112). The median concentration of hs-cTnI in the 
population ranged from 2.6 ng/L at baseline to 3.4 ng/L 
after a 10-year period. The change process of hs-cTnI 
values, modelled using a joint (longitudinal and survival) 
model, was able to predict the 10-year cardiovascular 
risk (with 581 events) with an HR of 1.31 (95%CI 1.15-
1.48) after adjustment for cardiovascular risk factors on 
an individual basis (112).

In agreement with the literature (14,90-93,112), 
a progressive increase of even a few ng/L (variation  
≥30%) of hs-cTnI and hs-cTnT, even lower than the 99th 
percentile URL, may suggest a progressive increase in 
cardiac remodeling in subjects who are still asymptomatic 
(12,13). The hs-cTnI and hs-cTnT thresholds have 
been identified for a low, intermediate and high risk, 
as reported in Table 8 (12,13,113-116). For example, 
a progressive increase >30% over a few months in a 
subject at risk could indicate a progressive remodeling 
with rapid evolution towards symptomatic HF. According 

to the recommendations of two very recent documents 
(12,13), these data should stimulate the clinician to 
investigate the causes of the remodeling. In particular, 
these two recent documents suggest the use of hs-cTnI 
and hs-cTnT measurement in the general population 
to detect early asymptomatic individuals at higher risk 
for progression to symptomatic HF or for developing 
MACE over the medium to long term (≥6 months), such 
as patients aged >55 years and/or with comorbidities 
(obesity, diabetes, hypercholesterolemia, hypertension, 
atherosclerosis, chronic kidney or lung disease) (12,13). 
Despite the experimental evidence and the favorable 
results of numerous clinical studies (12-14,90-93,112-
116), no international guidelines still recommend the 
use in the general population of the hs-cTnI and hs-TnT 
measurement for cardiovascular risk assessment due to 
the lack of studies on the risk/benefit assessment of this 
screening.

Take-home messages

-	Cardiovascular risk is significantly higher in apparently 
healthy subjects in the reference population with 
concentrations of hs-cTnI and hs-cTnT in the upper 
tertile of the biomarker distribution (12-14, 90-93, 112-
116).

-	hs-cTnI and hs-cTnT can be measured in the general 
population to detect early asymptomatic individuals 
at higher risk of progressing to symptomatic HF or 
developing MACE over ≥6 months, such as patients 
aged >55 years and with comorbidities (12-14).

-	There is still a lack of accurate studies that demonstrate 
the favorable cost/benefit profile of a cardiovascular risk 
screening with serial measurements of hs-cTn in the 
general population (12-14).

CARDIOVASCULAR RISK ASSESSMENT 
IN PATIENTS UNDERGOING MAJOR NON-
CARDIAC SURGERY

About half of peri-operative cardiac deaths occur in 
patients, undergoing major non-cardiac surgery, who 
do not have a history of heart disease (117). Cardiac 
complications after non-cardiac surgery depend on 
the type of surgery, the specific clinical condition, the 
individual responses to surgical stress, and the effects 
of anesthesia (117). This stress response begins with the 
onset of tissue damage, which releases neuro-endocrine 
and pro-inflammatory factors into the circulation, which in 
turn can induce alterations in the action of the peripheral 
nervous system (vagal and sympathetic), circulating 
volume and distribution of extra-cellular fluid. These 
pathogenetic mechanisms induce an increase in oxygen 
demand by tissues (including myocardial tissue) and an 
imbalance between thrombotic and fibrinolytic activity 
(with an increased risk of coronary thrombosis) (117).

The 2014 ESC/European Society of Anesthesiology 
(ESA) guidelines report that approximately 167 000 
cardiac complications occur each year in European 
countries from major non-cardiac surgery, of which 19 000 
are life-threatening (117). Non-cardiac surgery has a rate 

Figure 3 
Main mechanisms related of the secretory phenotype associated 
with senescence (SASP).
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of complications between 7-11% and a mortality rate of 
0.8-1.5% worldwide, with 42% of deaths due to cardiac 
complications (117-119). More recently, the risk of 
complications has progressively decreased due to the 
improvement of surgical and anesthesia procedures, 
but in 2018 Sellers et al. (120) have reported that the 
30-day mortality rate for patients undergoing major non-
cardiac surgery still varied between 0.5% and 2%, mostly 
because of cardiovascular complications. 

The use of the hs-cTnI and hs-cTnT methods has 
shown that these biomarkers can increase in some 
patients undergoing surgery, and this increase has been 
associated with a higher risk of complications and death 
(121,122). The notion of Myocardial Injury after Non-
cardiac Surgery (MINS) was introduced to denote the 
specific clinical condition of ischemic myocardial damage 
detected during major non-cardiac surgery (121-123); 
conversely, the Fourth Universal Definition of Myocardial 
Infarction (1) specifically refers to patients admitted to ED 
with ACS. 

MINS is due to a supply-demand mismatch of 
the myocardium or to coronary thrombosis, and this 
clinical condition is associated with an increased risk of 
mortality or MACE 30 days to 2 years after major non-
cardiac surgery (122). MINS is defined by hs-cTnI or 
hs-cTnT values ≥99th percentile URL of the method up 
to 30 days during or after non-cardiac surgery, which 
are not attributable to other well-known and frequent 
non-ischemic causes of biomarker increase (such as 
arrhythmias, HF, myocarditis) (11,123-125).

To assess more accurately the peri-operative risk 
in patients who must undergo major surgery for non-
cardiac causes, the 2017 Canadian Cardiovascular 
Society guidelines (125) recommend the determination 
of natriuretic peptides (BNP or N-terminal pro-BNP (NT-
proBNP)) before surgery. In particular, the measurement 
of natriuretic peptides is recommended to improve the 
estimate of the risk of peri-operative MACE, especially 
in patients over 65 years of age, or aged 45-64 years but 
with cardiovascular disease or a high cardiovascular risk 
(125).

Some recent papers (11,124-126) strongly recommend 

that cardiac-specific biomarkers (BNP/NT-proBNP and 
hs-cTnI/hs-cTnT) should be always measured before 
major non-cardiac surgery, especially in patients with a 
high cardiovascular risk. Indeed, the measurement of 
cardiac-specific biomarkers before surgery allows to more 
accurately identify patients with a higher cardiovascular 
risk (11-13,111,124-127). Moreover, a more complete 
profile of the clinical status and the cardiovascular risk 
before surgery can allow a better choice of the type of 
surgery, a preventive pharmacological therapy with 
regard to possible peri-operative complications and also 
a tailored monitoring during and after surgery (11,125). 
Finally, it is conceivable that a measurement of hs-cTnI 
or hs-cTnT before the intervention makes it easier to 
diagnose the presence of MINS, using samples taken 
during the peri- and post-operative period and thus 
detecting any significant increase in biomarker levels 
from baseline and above the 99th percentile URL (124).

TAKE-HOME MESSAGES

-	Non-cardiac surgeries have a complication rate between 
7-11% and a mortality rate of 0.5-2%, with up to 42% 
due to cardiac complications (117-120).

-	The term Myocardial Injury after Non-cardiac Surgery 
(MINS) was introduced to denote the occurrence of 
acute ischemic myocardial damage during major non-
cardiac surgery (11,122, 125,).

-	MINS is identified by signs and symptoms of myocardial 
ischemia, hs-cTnI or hs-cTnT ≥99th percentile URL of the 
method during the intra- and post-operative period, up 
to 30 days after non-cardiac surgery (11,122,123,125).

-	It is conceivable that the pre-intervention measurement 
of hs-cTnI or hs-cTnT makes it easier to diagnose the 
presence of MINS, comparing the values obtained 
pre-operatively with those carried out subsequently 
during the peri- and post-operative period and thus 
ascertaining any significant increase biomarker levels 
from baseline and above the 99th percentile URL (124).

Table 8
Threshold values for the evaluation of cardiovascular risk in the general population from the literature.

cTnIa Women Men

Low risk <4 ng/L <6 ng/L

Intermediate risk 4-10 ng/L 6-12 ng/L

High risk >10 ng/L >12 ng/L
aOnly the data relating to the hs-cTnI Architect Method (Abbott Diagnostics) are reported because this is the method most 
often used in published studies (12, 13, 112-116).

cTnTb Whole population

Low risk ≤3 ng/L

Intermediate risk 3,0-5,7 ng/L

High risk ≥5,8 ng/L
bMethod ECLIA hs-cTnT Elecsys (Roche Diagnostics) (12,13,116).



DOCUMENTI SIBioC SIBioC DOCUMENTS

110           biochimica clinica, 2023, vol.47, n. 1

EVALUATION OF CARDIAC DAMAGE ASSOCIATED 
WITH THE USE OF CARDIOTOXIC DRUGS

Several chemotherapy drugs have a cardiotoxic 
effect in patients being treated for tumors, including not 
only the more utilized drugs, like as cyclophosphamide, 
taxanes or 5-fluoropirimidines, but also the more recent 
monoclonal antibodies, the tyrosin-kinase inhibitors, and 
the D-1 immune checkpoint blockers (128). All these 
chemotherapy drugs can induce several cardiovascular 
complications ranging from myocardial dysfunction and 
HF to ACS, morphological and functional abnormalities of 
heart valves, arrhythmias, systemic arterial hypertension, 
pulmonary hypertension, pericardial complications, 
thrombo-embolism, and stroke (128-130). 

As several definitions have been proposed for cardio-
toxicity (131), some discrepancies are available in the 
literature concerning both diagnosis and management of 
cardiovascular complications induced by chemo-therapy 
(129-131). In order to harmonize the different definitions 
of cardiotoxicities and the management of patients 
with tumors treated with chemotherapy, two consensus 
documents, including practical clinical guidelines, have 
been recently proposed by the International Cardio-
Oncology Society (IC-OS), the European Hematology 
Association (EHA), and the European Society for 
Therapeutic Radiology and Oncology (ESTRO) (132,133). 
These documents provide consensus definitions for the 
most commonly reported cardiovascular complications 
related to chemotherapy administration, including: 
cardiomyopathy, heart failure, myocarditis, vascular 
toxicity, hypertension, arrhythmias and QTc prolongation 
(132,133).

The detection of cardiac damage, not related to 
symptoms or signs of coronary ischemia, may indicate a 
high risk of a progressive worsening of cardiac function 
up to overt HF (15,16,129-131,134-138). The 2022 ESC 
guidelines on Cardio-Oncology (132) recommend (class 
1, level C) the measurement of NPs and/or cardiac 
troponins in all patients with tumors at risk of developing 
cardiac dysfunction following cancer chemotherapy. 

It is important to note that the measurement of 
natriuretic peptides and cardiac troponins provide 
complementary pathophysiological and clinical 
information even in patients treated with cardio-toxic 
drugs (16,127,131). In fact, high levels of BNP or 
NT-proBNP indicate that chemotherapy therapy has 
produced an activation of the neuro-endocrine system 
and of the pro-inflammatory cytokine system capable of 
stressing cardiac function (127,128,139). On the other 
hand, the detection of hs-cTnI and hs-cTnT values 
above the 99th percentile URL indicates the presence 
of a myocardial damage related to a biomarker release 
from cardiomyocytes for some weeks or even months, 
suggesting a progressive development of cardiac 
symptomatic dysfunction (140,141).

Progressively higher levels of natriuretic peptides 
(BNP and NT-proBNP), but especially of hs-cTnI and 
hs-cTnT, after two or more courses of chemotherapy 
therapy, seem to identify patients with a pathological rate 
of cardiomyocyte death and a higher risk of progressive 

ventricular remodeling (130-135). As also recommended 
by the 2022 ESC guidelines (133), there is a need to 
perform a basal measurement (i.e., before treatment) of 
BNP/NT-proBNP and hs-cTnI/hs-cTnT in every patient 
receiving some cycles of potentially cardiotoxic drugs, to 
evaluate any changes in these markers following therapy. 
Importantly, considering the systematic differences 
both between the measurement methods of BNP/NT-
proBNP (142,143), and hs-cTnI/hs-cTnT (4-6,38,45), it is 
necessary to monitor the patient during the various cycles 
of therapy with serial measurements performed with the 
same method and possibly in the same laboratory.

Take-home messages

-	Many studies indicate that in patients with tumors 
treated with chemotherapy, the measurement of hs-cTnI 
and hs-cTnT can allow to detect a heart damage, which 
is generally associated with a high risk of progressive 
worsening of heart function up to overt HF (130-138). 

-	The 2022 ESC Guidelines on Cardio-Oncology 
recommend (class 1, level C) the measurement of 
BNP/NT-proBNP and/or hs-cTnI/hs-TnT in all patients 
with tumors at risk of developing cardiac dysfunction 
following cancer therapy (133). 

-	Every patient who will be subjected to courses of 
potentially cardiotoxic chemotherapy drugs, must carry 
out a basal (pre-treatment) measurement of BNP/NT-
proBNP and hs-cTnI/hs-cTnT for the assessment of 
cardiovascular risk (132-134).

-	As there are systematic differences among immunoassay 
methods, it is necessary to follow the patient during the 
various cycles of therapy with serial cardio-specific 
biomarker measurements performed with the same 
method and possibly in the same laboratory (134).

SUMMARY AND FUTURE PERSPECTIVES

In these first 20 years of the 21st century, the assay 
methods to measure cardiac troponins have acquired an 
increasingly greater clinical relevance (3,4). This is due 
not only to the biochemical and biological characteristics 
of these biomarkers, but also to the development of 
extremely sensitive immunometric assay for hs-cTnI and 
hs-cTnT with LoD value ranging from 1.5 to 3 ng/L (Table 
1) (3,4). Furthermore, the biochemical and biological 
characteristics of biomarkers guarantee an absolute 
cardiac specificity (especially for hs-cTnI methods) (4), 
and a very low intra-individual variability, with an average 
II of 0.3 (Table 5) (56). From a clinical perspective, 
it is particularly important that, in apparently healthy 
(and so still asymptomatic) subjects, the hs-cTnI and  
hs-cTnT values in the upper tertile of distribution range 
are associated with an increase in mortality and of MACE 
compared to subjects with concentrations within the first 
tertile (12-14,90-93).

The biological characteristics of the biomarkers and 
an analytical error <10% for concentrations around the 
99th percentile URL (Table 2 and Figure 2) allow to define 
as clinically significant changes of about 30% (with an 
interval ranging from 25% to 45%) between two serial 
measurements in the same individual with the same 
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hs-cTnI or hs-cTnT method (3,4,20,23,24,46,47,56). 
The circulating levels of hs-cTnI e hs-cTnT can rapidly 
increase in a few hours like as in patients with MI (1,2, 
7-9,30,31,74,79,80), or more slowly, but progressively, 
over the course of some months as in patients with HF 
(stages C and D) (Fig. 4) (30,31,144). In HF patients, 
multiple mechanisms may lead to myocyte necrosis, 
apoptosis, mitochondrial autophagy, or reversible injury 
with increased myocyte membrane permeability, all 
resulting in cardiac troponin release into the circulation 
(30,31,144-147).

The evaluation of the kinetics of hs-cTnI and hs-
cTnT values is relevant also for the detection of cardiac 
damage during major non-cardiac surgery (11,117-125) 
or therapy with cardiotoxic cancer drugs (128-138). 
Accordingly, a blood sampling to measure cardiac-
specific biomarkers, especially hs-cTnI and hs-cTnT, 
should become routine practice before non-cardiac 
surgery or cancer therapy. The baseline value will be 
useful to evaluate the cardiovascular risk before surgery 
or drug administration, because some patients still 
asymptomatic, but with a high cardiovascular risk, may 
experience a myocardial damage during surgery (11,119-
125). The same pathophysiological reasoning must be 
taken into consideration in patients with tumors who 
have to undergo repeated administration of potentially 
cardiotoxic drugs (128-138). Without a baseline value 
of hs-cTnI or hs-cTnT it is not possible to perform an 
accurate assessment of biomarker kinetics, because 
some patients may already have hs-cTnI and hs-cTnT 
values higher than the 99th percentile URL before 
surgery or cancer therapy (134,135). Moreover, some 
patients with hs-cTnI and hs-cTnT values in the first or 
second tertile (therefore within normal limits and at low 
or medium risk) may exhibit after surgery or after the 
first cycle of therapy with chemotherapy an increase in 
circulating levels up to the upper tertile or even above the 
99th percentile URL (Table 8) (134,135). Clinicians should 
consider these patients at higher risk for further medium 
or short-term cardiovascular events, such as progression 
to symptomatic HF, and therefore provide more careful 
monitoring and cardio-protective therapy (11-13,17,123-
125,132-135).

As observed in the most recent guidelines (7,11,74, 
78,79,125,125,132,133), further studies are needed to 
define the best way to evaluate the kinetics of hs-cTnI 
and hs-cTnT in specific clinical conditions. In particular, 
it is important to evaluate whether the rapid algorithms 
(0-1 hour or 0-2 hours) are more effective and convenient 
than the classic 0-3 hours algorithm in patients admitted 
to the ED with suspicion of NSTEMI even outside of the 
clinical and research institutions where the clinical studies 
considered by the guidelines are typically performed (7-
9,74,78,79). Furthermore, there are insufficient studies 
that evaluate whether the screening for cardiovascular 
risk assessment in the general population through the 
measurement of hs-cTnI and hs-cTnT has a favorable 
cost/benefit profile, at least in individuals more at risk due 
to advanced age and/or the presence of comorbidities 
(Table 8) (12-14). Finally, further randomized and 
multicenter studies are needed to evaluate the efficacy 

and convenience of measuring cardiac-specific 
biomarkers (BNP/NT-proBNP and hs-cTnI/hs-cTnT) in 
patients with tumors undergoing potentially cardiotoxic 
therapies (128-138).

The development of hs-cTnI and hs-cTnT methods 
with increasingly better analytical performance, easy to 
use and with short turnaround times has not yet come to 
an end, and further important developments are expected 
(47,54,55,148-156). Recently, some POCT methods for 
the measurement of hs-cTnI have received analytical 
and clinical validation and have become commercially 
available (151-154). These methods are able to 
guarantee a fast turnaround time and excellent sensitivity 
and reproducibility, without losing specificity (151-154). 
These POCT methods for hs-cTnI could allow an efficient 
screening of patients with suspected NSTEMI at home, 
in decentralized clinics or in ambulance with a significant 
reduction in the time of diagnosis and hospitalization 
(47,54,55,148,149). Furthermore, sone of these methods 
can also use drops of blood for the measurement of hs-
cTnI, thus avoiding the need for a blood sample from the 
vein, which can be very useful especially in newborns 
and infants (47,54,55,149,157).

Finally, the recent development of new and more 
sensitive biosensors could allow the preparation of 
wearable devices capable of measuring cardiac troponins 
with transdermal methods, allowing a quasi-continuous 
monitoring of circulating levels of hs-cTnI, which could be 
very useful in adult or pediatric patients admitted to the 
ED or intensive care units (55,155,156).

FINAL REMARKS AND SUGGESTIONS

The following proposals on the use of the hs-cTnI 
and hs-cTn methods derive from a critical reappraisal 
of the recommendations supported by the most recent 
international guidelines.
-	All the most recent guidelines recommend the use of 

hs-cTnI and hs-cTnT methods for prognosis, diagnosis 
and management of cardiovascular disease (1,2,7-
9,11,78,79).

-	For all hs-cTnI methods, the manufacturers recommend 
that the reference value (i.e., the 99th percentile URL) 
be distinct by sex, while the manufacturer of the hs-
cTnT method recommends using a single value for both 
sexes (2,5).

-	In agreement with the recommendations of the Fourth 
Universal Definition of Myocardial Infarction (1), the 
finding in a patient of a single hs-cTnI or hs-cTnT 
value greater than the 99th percentile URL is sufficient 
to diagnose the presence of cardiac damage (i.e., 
myocardial injury).

-	All international guidelines (1,2,7,8) agree that the hs-
cTnI and hs-cTnT methods have on average a similar 
diagnostic accuracy and therefore allow to detect an 
acute or chronic damage to the myocardium. 

-	The algorithms for the NSTEMI diagnosis with a sampling 
on admission to the ED and the second after 1 hour or 2 
hours have the advantage of obtaining a faster rule-out 
of patients compared to the classic 0-3 hours algorithm 
in patients with suspected NSTEMI (7-9,78,79), but are 



DOCUMENTI SIBioC SIBioC DOCUMENTS

112           biochimica clinica, 2023, vol.47, n. 1

probably not applicable in all hospitals at present time.
-	The 2020 ESC guidelines for rule-in and rule-out of 

patients suspected of NSTEMI recommend cut-off 
values (for a single measurement) or delta (for two 
measurements in series) equal for men and women (8), 
while other international guidelines support the use of 
different threshold values between men and women, 
especially for the hs-cTnI methods (1,7,45,74,79,88,89).

-	To evaluate the kinetics of hs-cTnI and hs-cTnT values 
in patients admitted to the ED with suspected NSTEMI, 
it seems much easier to use the RCV values expressed 
as a percentage (using a threshold value ≥30%) 
rather than delta (i.e., as an absolute difference), as 
recommended by the 2020 ESC guidelines (8).

-	Although two recent papers have suggested the 
measurement of hs-cTnI and hs-cTnT in the general 
population to detect early symptomatic individuals 
at higher risk (12,13), there is still a lack of accurate 
studies demonstrating a favorable cost/benefit ratio for 
this screening.

-	The latest guidelines recommend both pre- and 
post-operative measurement of hs-cTnI or hs-cTnT 
in patients undergoing major non-cardiac surgery, 
because it allows for a better pre-operative risk 
assessment cardiovascular, and to diagnose the 
presence of MINS and/or other cardiac complications 
during or immediately after surgery (11,122-125).

-	The 2022 ESC Guidelines on Cardio-Oncology (132) 
recommend (class 1, level C) the measurement of 
cardiac natriuretic peptides (BNP/NT-proBNP) and/
or hs-cTnI/hs-cTnT in all patients with tumors at risk 
of developing cardiac dysfunction following cancer 
therapy.

-	Each patient who will have to undergo cycles of 
potentially cardiotoxic chemotherapy drugs should 
perform a basal (pre-therapy) measurement of BNP/
NT-proBNP and hs-cTnI/hs-cTnT to assess changes 
following the start of treatment. It is recommended to 
carry out biomarker measurements with the same 
method and possibly in the same laboratory.
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