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Summary

Cardiac troponin T determination plays a dominant role in
diagnosis of myocardial pathologies. Despite generally accepted
use of high-sensitive cardiac troponin T assays (hscTnT) and
clearly defined cut-off limit in adults, the uncertainty persists in
infants. The aim of this study was to assess plasmatic
concentrations of hscTnT and describe sequential age-related
dynamic changes of hscTnT in healthy infants and toddlers.
(52 males/26 females)
Republic aged 44 to 872 days (median, interquartile range 271;

Seventy-eight children from Czech
126 to 486 days) were consecutively enrolled in the single-
center, prospective observational study. Plasma concentrations of
hscTnT were analyzed by the electrochemiluminescent method,
age-related reference intervals were calculated using the
polynominal regression model. Amongst the study population
(n=78), the upper limit of hscTnT concentration defined as the
99" percentile was calculated. The 99" percentile with 95 %
confidence interval at the end of 2", 39, 4% 5% &M and
7™ month of postnatal life were: 81 (40.6 to 63.6), 61 (36.0 to
55.3), 47 (31.9 to 48.3), 37 (28.1 to 42.3), 30 (24.7 to 37.2) and
25 (21.5 to 32.7) ng/l, respectively. Concentration of adults
99™ percentile (14 ng/l) was achieved approximately at 1 year of
postnatal life. Statistically significant negative correlation of
hscTnT concentration with age (r=-0.81, p<0.001) was found.
Significant gender differences were not found (p>0.07). The
study revealed substantially increased reference intervals of
hscTnT levels in infants when compared with adult population.
Based on our preliminary results, the age-related interpretation

of hscTnT plasmatic concentration is recommended.
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Introduction

Implementation of high-sensitive assays for
cardiac troponin T assessment (hscTnT) replaced former
analytical methods in recent years. Higher analytical
sensitivity allows us to measure precisely very low values
of cardiac troponins in healthy population and opens us
new clinical usage of cardiac troponins (e.g. rapid triage
algorithms for acute myocardial infarction diagnosis or
prognostic role in a wide variety of populations). These
advances are not properly reflected in infants, especially
aged under 1year. Based on a historical study
(Adamcova et al. 1995) using a conventional assay it is
known that cardiac troponin T concentration to be
elevated in healthy newborns. Recently, this finding was
confirmed using hscTnT assay in healthy full-term
neonates (Jehlicka et al. 2018, Karlen ef al. 2019). Only
one study based on The Canadian Laboratory Initiative
on Pediatric Reference Intervals (CALIPER) cohort

determined 99™ percentiles for high-sensitive cardiac
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troponin T and I in infants (Bohn 2019). However, this
observation was not confirmed on other populations as
recruiting of very young healthy children is cumbersome.
The first aim of this study was to assess plasmatic levels
of hscTnT in healthy Europe-based subjects during first
months of life. The second aim was to determine age-
related 99"
differences between males and females.

percentiles of hscTnT and possible

Patients and Methods

Seventy eight infants and toddlers (52 males/
26 females) from Pilsen region (Czech Republic), aged
between 44 to 872 days (median, interquartile range: 271,
126-486 days)
procedure (herniotomy, correction of polydactyly, pes

indicated for elective minor surgery

calcaneovalgus etc.) or before planned examination by

magnetic resonance were recruited in the study.
Exclusion criteria were a history or symptoms of
infection, use of antibiotics or anti-inflammatory agents,
(CRP),

detectable cardiac pathology, kidney disease or renal

significantly increased C-reactive protein
failure, sepsis, head or chest trauma, a history of cardiac
operations or cardiotoxic medication, since cardiac
troponin levels may be affected in these circumstances.
CRP levels were under the Limit of Detection (<1 mg/l)
in 85 % of participants, 99 % of participants had levels
lower than 8 mg/l and one participant had concentration
of CRP 21 mg/1 but was free of any clinical inflammatory
signs. Venous blood concentration of hscTnT was
measured using the electrochemiluminescent (ECLIA)
method (Roche Cobas €602 immunochemical analyser).
To ensure absence of possible interference on hsTnT
values by hemolysis (falsely decreased values), we
determined quantitative hemolytic indices by measuring
absorbance at 600 and 570 nm with correction for
absorption due to lipemia on Roche Cobas c702 analyser.
According to the manufacturer datasheet, no interference
by hemolysis is reported up to 1 g/l. Median value of
hemolysis was 0.15 g/l and maximum 0.5 g/l. Thus, no
interference by hemolysis on hsTnT measurement was
secured. Levels of CRP were assessed by the high-
sensitive immunoturbidimetric assay (K-ASSAY Kamiya
Biomedical Company, Seattle, USA) on Roche Cobas
¢702 analyser.

Statistical methods
Age-related reference intervals were calculated
using Medcalc software (version 19.1.3) with log-

transformed values. The statistical procedure is based on
a regression model that is calculated from original data;
bootstrap 95 % confidence interval were calculated with
5000 iterations and random number seed 978. The exact
(Wright 1997).
Differences between male/female groups were tested by

procedure is described elsewhere
the Mann-Whitney procedure. Correlation was calculated
using non-parametric Spearman method. A p-value of
0.05 or less was considered statistically significant.

Ethical considerations

This study protocol was approved by the local
Ethics Committee and performed according to principles
of Declaration of Helsinki. Written informed consent was
obtained in advance from the parents or legal guardians
of the study participants.

Results

The upper limit of hscTnT concentration defined
as the 99™ percentile was calculated using polynominal
regression model. The 99" percentile with 95 %
confidence interval at the end of 2™, 3, 4™ 5" 6™ and
7" month of postnatal life were: 81 (40.6 to 63.6),
61 (36.0 to 55.3), 47 (31.9 to 48.3), 37 (28.1 to 42.3),
30 (24.7 to 37.2) and 25 (21.5 to 32.7) ng/l respectively.
Concentration of “adult” 99™ percentile (14 ng/l) was
achieved approximately at 1 year of postnatal life. The
distribution of 97.5™ and 99" percentile of hsTnT values
in the study groups is shown in Table 1. For practical
purposes, simplified values of 99™ percentiles based on
authors” expert opinion were derived (Table 1). There
was a strong statistically significant negative correlation
of hscTnT concentration with age (r=-0.81, p<0.001).
This relationship was graphically most apparent during
the first 200 days of life (Fig. 1). Girls tended to have
lower values of hscTnT than boys (p=0.07), median
(95% CI) difference was 1.6ng/l (-0.2 to 5.8 ng/l
(Fig. 2).

One
unexpectedly high hscTnT concentration (119.5 ng/l at

participant was excluded due to

age 51 days).
Discussion

Our study is the first descripting age-related
plasma concentrations of hscTnT in healthy children from

middle Europe aged 44 to 872 days. It expands our
knowledge about natural age-related changes of cardiac
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Table 1. Age-related 97.5" and 99" percentile with respective 95 % confidence intervals (n=78) grouped by 30 days and longer

intervals.
Age (days) 97.5™ percentile (95 % CI)  99™ percentile (95 % CI)  Consensual 99" percentile (ng/l)
60 69 (38.3 to 58.8) 81 (40.6 to 63.6) 80
90 52 (33.9t051.0) 61 (36.0 to 55.3) 60
120 41 (29.8 to 44.3) 47 (31.9 t0 48.3) 50
150 32 (26.3 to 38.9) 37 (28.1 to 42.3) 40
180 26 (23.0 to 34.2) 30 (24.7 to 37.2) 30
210 22 (20.0 to0 29.9) 25(21.5t0 32.7) 25
260 17 (15.6 to 23.9) 20 (16.8 to 26.1) 20
360 12(9.7t0 15.4) 14 (10.3 to 16.7) 14
720 10 (7.4 to 18.2) 11 (7.8t020.2) 10
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Fig. 1. Continuous Age-related 97.5" and 99" percentile derived from polynomial regression model.
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Fig. 2. Differences in plasma hscTnT values between males and females.

troponin in infants and provides us with several useful
conclusions: 1) hscTnT concentrations were considerably
higher in infants than in adults; 2) gradual decline of
hscTnT level was described within the first year of life;
after that period, plasmatic concentrations of hscTnT are
comparable with adult population; 3) preliminary age-
related ranges of hscTnT were established.

As has been reported in our previous study
(Jehlicka et al. 2018), the upper reference interval of
hscTnT is
compared with adult reference values. Recently published

significantly higher in neonates when
Swedish study presented similar results (Karlen 2019).
This finding is in agreement with former studies using
conventional troponin T and I assays in healthy neonates
(Baum et al. 2004, Clark et al. 2001). The gradual decline
of hscTnl values during the first year of life was observed
(Caselli et al.

reference intervals for hsTnl were not been published.

2016), nevertheless the age-related

HscTnl assays are not harmonized and this fact makes it
difficult to generalize results for other hsTnl assays to
date. However, it is quite evident that the increase of both
cardiac troponin T and I is present in the first period of

life. Bohn et al
99™ percentiles for hsTnT derived from a pediatric
population (CALIPER study) that included probands up
to 19 years old. This study enrolled 99 males and females

(2019) very recently published

under 1 year and provided with our results comparable
99" percentiles for this population (93 ng/l under
6 months of age and 19 ng/l between 6 months and 1 year
of age). As the changes of hsTnT in the first 6 months of
life are very turbulent, we used different statistical
approach based on regression modelling that allowed us
to derive more detailed estimates of 99™ percentiles. This
approach brings a useful new view on interpretation of
hsTnT values as there are clearly significantly higher
hsTnT values in 1 month vs. 6 months.

Underlying mechanism leading to the elevation
of hscTnT and its strong negative correlation with age
reflects many pathophysiological mechanisms and has
not been fully explained. The half-life of troponin T and
troponin I in the blood is about 2 h (Gerhardt ef al. 1991).
After myocardial injury, the release of cardiac troponins
into plasma is probably highly dependent on blood flow
in the damaged tissue and the idea of “unbound” part of



2021

High-Sensitivity Troponin T in Infants 31

troponin I and T in the cytosol is not supported by recent
publications (Katus et al. 1991, Starnberg et al. 2014).
Rapid rise, peak and slower fall of cardiac troponins after
acute myocardial injury is probably driven by the
reperfusion of damaged tissue and sustained release of
cardiac troponins from necrotic myocardium. Elevated
plasma concentrations of hscTnT due to myocardial
ischemia decline to normal levels in successfully treated
adult patients within 2 weeks (Skeik et al. 2008). The
possible influence of physical stress and transient hypoxia
on myocardium during vaginal birth (Costa et al. 2007,
Cruz et al. 2006) could be in accordance with studies
reporting elevation of cardiac troponin T in healthy adults
after strenuous physical exertion (Apple et al. 2009,
Hewing et al. 2015). However, neither physical stress nor
transient perinatal hypoxia can elucidate a substantially
longer persistence of elevated hscTnT plasma
concentrations in healthy infants (Fig. 1, Table 1). We
assume that the shift of pressure afterload from the right
to the left ventricle associated with decreasing pulmonary
resistance might be linked with programmed apoptosis
and cardiomyocyte proliferation during early infancy.
This mechanism can lead to releasing of small quantities
of troponins into the circulation that are detectable by
high-sensitive assays. The hypothesis is concordant with
the published study describing gradual decrease of fetal
slow-skeletal troponin I and slow transition of myoglobin
light chains into the adult form in very young children
operated for complex congenital heart defects (Elhamine
et al. 2016). The slow transformation was independent of
the type of heart defect or surgery and might be of
developmentally programmed origin. It is known that
human cardiomyocytes proliferate and enlarge after birth
(Mollova et al. 2012). We can hypothesize that small
dense cardiomyocytes in the neonatal and early infant
period have different metabolism and faster turnaround of
troponins.

HscTnT concentrations were higher in males
than females but the difference was not statistically
significant. The finding is in agreement with hscTnT
studies in neonates (Jehlicka et al. 2018) and infants
under 1 year (Bohn et al. 2019).
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Strengths and weaknesses

The strength of the study was the creating of
with
background in a prospective manner, using of certified

aclearly defined cohort consistent  genetic
methodological techniques and well-defined selection
criteria. These factors decreased the risk of selection bias.
On the other hand, some limitations must be considered
when interpreting our results. As a single-center study,
the number of probands was relatively small. The main
reason was the ethically problematic venous sampling in
healthy infants and toddlers. The consistent pattern of
measured values allowed us building a robust regression
model for derivation of age-related reference intervals
with reasonable estimates. We present our data as
preliminary requiring confirmation in larger studies and
to take a cautious approach when interpreting findings to
date. Further studies are needed to define clinically sound
cut-offs for different pediatric pathologies. However, we
are confident that our results retain substantial relevance
and several potential limitations did not compromise our
extrapolations and the clinical significance of our
findings.

Conclusions

Our study has revealed substantially increased
reference intervals of hscTnT in infants when compared
with adult population. The strong negative correlation
between hscTnT and age was confirmed within the first
year of life. Based on our preliminary results, the
age-related interpretation of hscTnT plasma concentration
is recommended in infants.
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