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Abstract The aim of this article is to evaluate the clinical

utility of cardiac injury biomarkers in paediatric age. In

December 2015, a literature search was performed

(PubMed access to MEDLINE citations; http://www.ncbi.

nlm.nih.gov/PubMed/). The search strategy included the

following medical subject headings and text terms for the

key words: ‘‘cardiac injury biomarkers’’, ‘‘creatine kinase-

MB’’, ‘‘myoglobin’’, ‘‘troponin’’, ‘‘children’’, ‘‘neonate/s’’,

‘‘newborn/s’’, ‘‘infant/s’’ and echocardiography. In the

paediatric population, troponins show a good correlation

with the extent of myocardial damage following cardiac

surgery and cardiotoxic medication and can be used as

predictors of subsequent cardiac recovery and mortality.

Elevation of cardiac injury biomarkers may also have

diagnostic value in cases when cardiac contusion or peri-

carditis is suspected. Cardiac injury biomarkers are very

sensitive markers for the detection of myocardial injury

and have been studied in healthy newborns, after tocolysis,

intrauterine growth restriction, respiratory distress and

asphyxia. The proportion of newborns with elevated

troponin was higher than that in ill infants, children, and

adolescents and in healthy adults, suggesting that

myocardial injury, although clinically occult, is common in

this young age group. Results suggest that significant ele-

vation of cord troponin is an excellent early predictor of

severity of hypoxic-ischaemic encephalopathy and mor-

tality in term infants. Cardiac biomarkers may also benefit

centres without on-site echocardiography with evidence

showing good correlation with echo-derived markers of

myocardial function. Further studies are needed to better

clarify the role of cardiac biomarkers in paediatric age and

their correlation with echocardiographic parameters.

Keywords Cardiac injury biomarker � Creatine kinase-

MB � Myoglobin � Troponin � Paediatrics

Background

CK-MB, myoglobin and cardiac troponins I and T are

cardiac injury biomarkers widely used in the management

of adult patients [1, 2]. Interest in these cardiac biomarkers

in the management of children has increased; however,

there are no current guidelines for their routine use.

Creatine kinase (CK) is a dimeric enzyme, which occurs

in four different forms: a mitochondrial isoenzyme and the

cytosolic isoenzymes CK-MM (muscle type), CK-BB

(brain type) and CK-MB (heart type). CK and its isoen-

zymes are used for the diagnosis and follow-up of

myocardial infarct and muscle dystrophy. Myoglobin is a

cytoplasmic protein in striated cardiac and skeletal mus-

culature. It serves to transport oxygen within the myocytes

and as an oxygen reservoir. It passes rapidly into the cir-

culation after damage to the myocytes.

& Ana L. Neves

alneves1@gmail.com

1 Department of Paediatric Cardiology, São João Hospital,

Porto, Portugal

2 Department of Physiology and Cardiothoracic Surgery,

Cardiovascular Research Centre, Faculty of Medicine,

University of Porto, Porto, Portugal

3 Department of Paediatrics, Faculty of Medicine, University

of Porto, Porto, Portugal

4 Department of Paediatric Surgery, São João Hospital, Porto,

Portugal

5 Department of Cardiothoracic Surgery, São João Hospital,

Porto, Portugal

123

Heart Fail Rev (2016) 21:771–781

DOI 10.1007/s10741-016-9567-2

http://www.ncbi.nlm.nih.gov/PubMed/
http://www.ncbi.nlm.nih.gov/PubMed/
http://crossmark.crossref.org/dialog/?doi=10.1007/s10741-016-9567-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10741-016-9567-2&amp;domain=pdf


The cardiac sarcomere is built of contractile proteins

(actin, myosin and tropomyosin) and the troponin complex

(Fig. 1). The troponin complex regulates the interaction of

the thin (actin and tropomyosin) and thick (myosin) fila-

ments in the striated muscle in response to the concentration

of intracellular calcium [3]. Ebashi et al. [4] found that tro-

ponin is the Ca2? receptive protein and proposed the

molecular mechanism of regulation of contraction and

relaxation. The troponin complex is composed of three

subunits called troponin I (affects myosin–actin interac-

tions), T (binds troponin to tropomyosin) and C (binds

divalent calcium ions) [5]. Foetal heart contains two troponin

I isoforms: the adult troponin I and an isoform similar to the

one found in adult slow-twitch skeletal muscle. The latter,

that is predominant in the foetus, is replaced with maturation,

so that at birth, only adult troponin I is detectable [6].

The kinetics of troponins released in the blood are

close to that of creatine kinase-MB (CK-MB), but the

return to normal is observed after long periods of time

[7]. Activities of total CK and its isoform are usually

significantly elevated in patients with myocardial or with

skeletal muscle injury as well as in those with renal

failure. CK-MB may be expressed in up to 20 % of total

CK activity in human skeletal muscle and therefore is not

100 % specific for the heart. Sobki et al. [8] demonstrated

cardiac troponins had 100 % sensitivity and negative

predictive value, for myocardial injury, as compared with

92 and 96 % for CK activity and 96 and 97 % for cre-

atine kinase-mass. The cardiac troponins are predomi-

nantly myofibril bound with only approximately 5–8 % of

both troponin I and troponin T being unbound in the

cytosol. Cytosolic troponin is released first. In the case of

demand ischaemia, the elevation of troponin is relatively

smaller and with shorter circulation half-time than seen

with necrosis [9].

Troponins appear in blood in 2–4 h after an insult, and

peak in about 12 h and then remain elevated for 7–10 days.

Positive levels of troponin I may result from reversible

membrane damage, not necessarily from cell death [10].

Proposed mechanisms leading to troponin release in heart

failure are cardiomyocyte damage caused by inflammatory

cytokines or oxidative stress, subendocardial ischaemia,

apoptosis and neurohumoral activation [10, 11]. Troponin I

was found to be a very sensitive and specific marker of

cardiac injury [12–14]. Cardiac troponin I had the highest

specificity and positive predictive value (99 and 98 %) as

compared with cardiac troponin T (96 and 93 %), creatine

kinase-mass (92 and 86 %) and creatine kinase activity (89

and 80 %) [8]. The diagnostic value of troponin I is similar

to troponin T, but compared with troponin T has the

advantage of not being influenced by renal failure [15].

Troponin I is considered the gold standard for detecting

myocardial injury [16]. Myoglobin is a cytoplasmic protein

in cardiac and skeletal muscle, and it passes rapidly into

circulation after damage to the myocytes [17, 18].

Aims

The aim of this article is to evaluate the clinical utility of

cardiac injury biomarkers (creatine kinase-MB, myoglobin

and troponin) in paediatric age by reviewing of published

studies concerning the diagnostic accuracy, management

and prognostic relevance of cardiac injury biomarkers. Was

also reviewed the correlation of cardiac injury biomarkers

with echocardiographic function parameters.

Fig. 1 Schematic representation of the cardiac myofibrillar thin filament. Cardiac troponins exist in a bound form and in a free cytosolic pool

and are released from the cardiomyocyte as complexes or as free protein (acknowledge to Servier Medical Art-Image bank)
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Methods

In December 2015, a literature search was performed

(PubMed access to MEDLINE citations; http://www.ncbi.

nlm.nih.gov/PubMed/). The search strategy included the

following medical subject headings and text terms for the

key words: ‘‘cardiac injury biomarkers’’, ‘‘creatine kinase-

MB’’, ‘‘myoglobin’’, ‘‘troponin’’, ‘‘children’’, ‘‘neonate/s’’,

‘‘newborn/s’’, ‘‘infant/s’’ and ‘‘echocardiography’’. The

search strategy was limited to articles concerning children

(\18 years) that were published in the English language.

Data were extracted on age, gender, type of clinical con-

dition, cardiac injury biomarkers assay method and cardiac

function parameters evaluated by echocardiography.

Results and discussion

There is growing interest in the use of cardiac injury

biomarkers. Elevations in these biomarkers reflect myocar-

dial injury; they do not indicate its mechanism [1, 19]. Tro-

ponin is released into the circulation in response to ischaemic

and non-ischaemic cardiac injury [20]. Troponin has been

reported in association with sepsis, septic shock, and sys-

temic inflammatory response syndrome, hypotension or

hypovolemia, acute and chronic heart failure and tach-

yarrhythmias. These clinical settings indicate that demand

ischaemia, which refers to a mismatch between myocardial

oxygen demand and supply in the absence of flow-limiting

epicardial stenosis of coronary arteries, may induce troponin

elevation in the circulation. Simultaneously, myocardial

oxygen delivery may be decreased by reduced coronary

perfusion because of tachycardia and decreased oxygen

delivery to the heart [21].

Cardiac injury biomarkers in children

In recent years, there is growing interest in the use of

troponin I in paediatrics and its value in assessing cardiac

injury in children [22–24]. Reference values for troponin I

(Table 1), CK-MB (Table 2) and myoglobin (Table 3) in

children and newborns have been published [25–27].

In the paediatric population, troponins show a good

correlation with the extent of myocardial damage following

cardiac surgery and cardiotoxic medication and can be used

as predictors of subsequent cardiac recovery and mortality.

They may serve as a useful adjunct in the assessment of the

magnitude of myocardial injury in respiratory distress

syndrome and asphyxia. Elevation of troponin I may also

have diagnostic value in cases when cardiac contusion is

suspected. They may also benefit centres without on-site

echocardiography with some evidence showing good cor-

relation with echo-derived markers of myocardial function.

Shah et al. conducted a single-site, cross-sectional

observational study of 29 children, single-ventricle

patients. Troponin I was not associated with clinical heart

failure [28]. Troponin I has also been studied in children

with left-to-right shunt-induced myocardial injury [21, 29].

Troponin I levels in children with atrial and ventricu-

lar septal defects were significantly higher than those in

healthy children and correlated with invasive ratio of pul-

monary to systemic arterial pressure [29]. Sugimoto et al.

suggest that volume overload can cause myocardial injury

by increasing the oxygen demand of the myocardium,

which also results in relative hypoperfusion of the myo-

cardium [29, 30]. In another study of children with con-

genital heart defects (CHD) with pressure or volume

overload, the pressure gradient at the site of coarctation site

or stenotic valve was higher in those with positive troponin

I and resolved 6 months after treatment [31]. The same

group evaluated troponin I and natriuretic peptides in

children with hypoplastic left heart syndrome (HLHS) and

found that troponin I release is common before Norwood

and Glenn operations; then during the treatment protocol

for HLHS, troponin I release resolves and serum levels of

natriuretic peptides decrease. This may reflect a reduction

in volume overload of the right ventricle during the sur-

gical treatment [10]. Levels of troponin I and natriuretic

peptides showed no correlation with oxygen saturation or

haemoglobin concentration [10].

Hirsch et al. found that troponin I values are usually less

than 2.0 ng/mL in the absence of discernible myocardial

damage in a wide variety of different paediatric conditions.

This finding was consistent in infants and children with

hemodynamically stable cyanotic and acyanotic congenital,

and non-acute acquired heart disease. Moderate elevation

of troponin I (\8.0 ng/mL) is rare in a paediatric popula-

tion, except in critically ill patients [22]. The significance

of moderate elevation of troponin I seen in newborns who

are critically ill is uncertain. It is possible that small

degrees of myocardial damage associated with these ele-

vations do increase risk and may have long-term sequelae.

Nevertheless, further prospective study is needed to clarify

this issue, and to determine whether elevation of troponin I

above a threshold level has significance as a prognostic

factor [22]. Liesemer et al. [32] evaluated troponin I in

children with chest pain, trauma, overdose/poisoning,

syncope or palpitations and found that regardless of the

diagnosis, elevated troponin I was predictive of longer

hospitalizations, being mechanically ventilated, and death,

suggesting a diagnostic and prognostic role of troponin in a

variety of clinical scenarios in paediatric patients. The

predictive value of the troponin I assay was strongest in the

trauma and overdose or poisoning subgroups. In patients

with sepsis, elevated troponin I levels were predictive of

increased duration of hospitalization and mechanical
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Table 1 Reference values for troponin I in healthy children and newborns

Age n Troponin I (ng/mL) Assay method Reference

Median

or mean

Range Lower

limit CI

Upper limit CI

5 to\15 days 46 Mean 0.074 0.003–0.937 0.001–0.01 0.742–1.083 Abbott Architect i2000 Bailey et al.

[25]a

15 days to

\3 months

35 0.014 NA NA NA

3 months to

\19 years

691 NA \0.009 NA 0.006–0.017

Cord blood 85 Median 0 Interquartile

range 0–0

99th percentiles

0.061

Enzyme immunoassay

Dimension RxL Dade Behring�

Milan, Italy

Trevisanuto

et al. [26]

Newborns

Cord blood 869 Mean 0.009

Median 0

0–0.98 97.5th percentile

0.08

99th percentile

0.183

Dade Behring assay on a

Dimension RxL

Baum et al.

[27]

Newborns

3rd day of

life

179 Troponin I fluorometric

enzyme immunoassay, Dade

International Inc. Miami, FL

Bader et al.

[12]

Term

(C37 weeks)

157 Median 0.50 0.00–4.30 95th percentile 1.8

Premature

infants

27–36 weeks

22 0.70 0.00–5.2 95th percentile

5.10

Children 97.5th percentile Immuno I Troponin I Soldin et al.

[23]

0–30 days 97 – 4.8

31–90 days 46 0.4

3–6 months 91 0.3

7–12 months 53 0.2

1–18 years 57 \0.1

Newborns

Cord blood 57 Median 1.1 (0.0–4.0) – AxSYM Troponin I

Abbott Lab, Abbott Park, IL, USA

Engin et al.

[72]

Newborns\2 days

Umbilical

cord

18 Median 0.02 0–0.19 Stratus II analyser

(Dade Behring)

Lipshultz

et al. [39]

Neonatal

serum

18 Median 0.05 0–0.13

Neonatal

serum

206 Mean 0.28 ± 0.42

Median 0.16

0.01–3 97.5th 1.77

0.89–2.88

99th 2.80

1.49–3.00

ACS:180 immunoassay

system, automated system based

on a immunoassay method

and direct chemiluminometric

measurement

Araújo et al.

[42]

Umbilical

artery

blood

110 Median 0.03 0.03–0.881 90th percentile

0.05

Access immunoassay,

Beckman Coulter, Fullerton, CA

McAuliffe

et al. [73]

Newborns

Cord blood 0.3 0–0.9 AxSYM Analyser,

Abbot Park, IL

Turker et al.

[48]3rd day of

life

0.1 0–0.9

NA not applicable
a Corresponding 99th percentiles for troponin I obtained by linear interpolation: 0.968 ng/mL (5–15 days); 0.059 ng/mL (15 days to 3 months);

0.021 ng/mL (3 months to 19 years)
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ventilation. However, in paediatric patients with chest pain,

in the absence of fever and/or abnormal ECG results, serum

troponin assays are of little diagnostic or prognostic value

[32].

Preoperative and perioperative elevations of troponin I

are usually considered predictors of mortality and mor-

bidity in infants and children [15, 33]. Immer et al. [15]

calculated a positive predictive value of 100 % and a

negative predictive value of 93 % of perioperative com-

plications when troponin I value exceeds 35 ng/mL during

the first 24 post-operative hours. Troponin above 100 ng/

mL was associated with higher mortality [15, 34, 35].

Imura et al. [36] showed that a peak post-operative tro-

ponin I concentration is weakly, but significantly, corre-

lated with clinical outcome (duration of inotropic support,

intubation and ICU stay) in this population. In paediatric

cardiac surgery patients, troponin I has also been shown to

predict adverse post-operative outcomes [15, 33]. Bottio

et al. [35] evaluated troponin in the post-operative period in

newborns and children and concluded that troponin I was a

specific and sensitive marker of myocardial injury after

cardiac surgery and it might predict early-hospital

Table 2 Reference values for creatine kinase-MB

Age n CK-MB (ng/mL) Assay method Reference

Median Range Percentile Percentile

Newborns

Cord blood 85 4.90 3.90–6.61 99th percentile 11.97 Immunometric assay

(Dade Behring�, Milan,

Italy)

Trevisanuto et al.

[26]

Newborns\2 days

Newborn

Umbilical

cord

16 4.54 0.44–9.47 ACS:180 CK-MB assay

(Bayer Corporation,

Pittsburg, Pennsylvania)

Lipshultz et al.

[39]

Newborn

serum

15 5.57 2.25–17.35

Newborns

Umbilical

artery

156 Mean 5th percentile 95th percentile Roche Diagnostics GmbH,

Mannheim, Germany

STAT reagent; Roche

Diagnostics GmbH

Kocylowski et al.

[18]

37 weeks 4.63 2.5 7.29

38 weeks 3.52 5.86 9.74

39 weeks 3.90 6.86 7.43

40 weeks 4.00 7.43 13.82

41 weeks 3.79 7.46 14.67

42 weeks 3.33 6.93 14.41

Umbilical

vein

280

37 weeks 3.57 5.12 7.34

38 weeks 3.77 5.41 7.77

39 weeks 3.99 5.73 8.22

40 weeks 4.22 6.06 8.69

41 weeks 4.46 6.40 9.19

42 weeks 4.72 6.77 9.72

Children

0–30 days 76 0–4.5 Immuno I Soldin et al. [23]

31–90 days 45 0–4.8

3–6 months 88 0–1.9

7–12 months 47 0–1.7

1–18 years 97 0–1.7
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outcomes but it lost the prognostic significance in the long

term. Bojan et al. [37] suggest that routine monitoring of

troponin I after surgery for CHD was not useful in patients

less than 1 year old (except for a subgroup of procedures as

arterial switch, truncus arteriosus repair, HLHS procedures

or anomalous origin of the left coronary artery arising from

the pulmonary artery repair). In another study, a troponin

level greater than 100 ng/mL after bypass did not predict

death or a severe cardiovascular event in the very young

[38]. Troponin is not only a necrotic marker, but a dynamic

marker of myocardial damage. Thus, the clinical relevance

of increased troponin levels in patients with CHD before

and after surgery should be studied further [21].

Cardiac injury biomarkers in newborns

Cardiac troponins are very sensitive markers for the

detection of myocardial injury and have been studied in

healthy newborns, after tocolysis, intrauterine growth

restriction, respiratory distress syndrome and asphyxia.

Reference values for myoglobin [18, 39], CK-MB [23],

cardiac troponins T and I in healthy newborns have been

published [12, 18, 23, 26, 27]. Despite that, very little is

known about its role in newborns [40].

Lipshultz et al. evaluated the frequency of elevations in

markers of myocardial injury in the umbilical cord and

neonatal serum samples from 32 otherwise healthy

newborns. The proportion of newborns with elevated tro-

ponin was higher than that in ill infants, children and

adolescents and in healthy adults, suggesting that

myocardial injury, although clinically occult, is common in

this young age group [39]. It remains unclear whether the

increased levels represent normal neonatal values associ-

ated with physiologic myocardial remodelling, occult

myocardial injury, or both and whether these may be

associated with morbidity [39].

Troponin concentrations peak during second to fourth

post-natal days [39, 41–43]. Bader et al. measured the

serum troponin I concentrations on the third day of life in

normal newborns. There was a borderline significant trend

for higher troponin I in preterm infants. No significant

correlation was found between the mode of delivery, ges-

tational age and birth weight and troponin I concentrations

[12]. The number of newborns with troponin I[1.8 ng/mL

was significantly higher after delivery by caesarean section,

compared to vaginal delivery. No other significant associ-

ations were found between troponin I and perinatal or

neonatal parameters [12]. Quivers et al. [24] also found a

higher level of troponin I in preterm infants; the levels

decreased significantly with increasing gestational age and

birth weight. The CK-MB levels did not exhibit a signifi-

cant difference between the preterm and term infant group

when assessed for the effects of gestational age or birth

weight [24]. The higher troponin I found during the first

Table 3 Reference values for myoglobin

Age n Myoglobin (ng/mL) Assay method Reference

Median Range Percentile Percentile

Newborns

Umbilical

cord

23 30.15 12.83–87.43 Myoglobin STAT immunoassay

(Roche Diagnostics)

Lipshultz et al.

[39]

Neonatal

serum

18 43.97 13.08–169.27

Newborns

Umbilical

artery

Mean 5th percentile 95th percentile Roche Diagnostics GmbH,

Mannheim,

Germany

STAT reagent; Roche Diagnostics

GmbH

Kocylowski

et al. [18]

37–42 weeks 156 56.3 34.6 78.1

Umbilical vein

37 weeks 280 39.6 28.2 55.8

38 weeks 40.8 29.0 57.4

39 weeks 41.9 29.8 59.0

40 weeks 43.1 30.6 60.7

41 weeks 44.3 31.5 62.4

42 weeks 45.6 32.4 64.2

NA not applicable
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3 months of life is interpreted by the authors as indicative

of programed cell death, or apoptosis [24, 44]. Troponin I

levels were elevated in critically ill patients without a

comparable rise in CK-MB. Neither troponin I nor CK-MB

levels were significantly different between preterm sur-

vivors and non-survivors [24]. Unlike Bader et al. and

Quivers et al., Hirsch et al. did find that a significant ele-

vation in troponin I in a paediatric intensive-care setting

may be an indicator of poor outcome [22]. In a study by

Lipshultz et al. [39], measures of myocardial injury were

associated with longer hospitalization.

Troponins may be used as a useful adjunct in the

assessment of the magnitude of myocardial injury in res-

piratory distress syndrome and asphyxia [41, 45, 46]. Birth

asphyxia is defined as a severe disturbance of oxygen

supply to the foetus, which develops during birth. The

diagnosis is confirmed by a severe metabolic acidosis in the

umbilical cord, a persistent low Apgar was well as func-

tional disturbances as a result of hypoxic damage in various

organs including central nervous system and heart [46].

Troponin I has been used to detect myocardial compromise

in newborns with hypoxia and asphyxia [47–49]. Troponin

was also useful for monitoring myocardial injury in infants

of diabetic mothers; an elevated troponin I in infants of

diabetic mothers with respiratory distress was a good pre-

dictor for hypertrophic cardiomyopathy and/or left ven-

tricular dysfunction [50] and life-threatening respiratory or

hemodynamic distress [51]. Troponin I was significantly

higher in the asphyxiated newborns who died compared to

the group of asphyxiated newborns that survived; the cut-

off value was 0.135 ng/mL with a sensibility of 0.85 and a

specificity of 0.74 [52]. Troponin I in the cord blood was

predictive of severity of hypoxic-ischaemic encephalopa-

thy and mortality in term infants [48]. In another group of

newborns with asphyxia, troponin was elevated both in

hypothermia and normothermia groups and no differences

were found for troponin I concentrations between both

groups [53]. In asphyxiated newborns, CK-MB was sig-

nificantly increased compared with the control subjects

[18, 52, 54]. However, in other studies, CK-MB levels in

infants with myocardial injury were not higher than in

infants without myocardial injury [55, 56]. There was no

significant difference in CK-MB mass concentrations

between asphyxiated infants with and without complica-

tions [55].

The use of troponin in the neonatal unit remains a

research tool. More work is needed to explore their

prognostic role and monitoring response to treatment

following cardioprotective strategies. In preterm infants,

the effect of inotropes on myocardial function needs

further study and troponin may form an integral part of

this research [41].

Cardiac injury biomarkers in the cord blood

There is evidence that cord blood can be used for early

detection of neonatal cardiovascular disease [57, 58]. It

was previously reported that troponin I does not cross the

placenta; thus, increases in cord blood biomarkers can be

attributed to foetal production [47, 59]. Was also reported

that umbilical cord blood troponin I, CK-MB levels and

myoglobin levels correlated with one another [39].

Troponin levels did not correlate with gestational age,

birth weight, Apgar scores or gender [26, 39, 42]. Kocy-

lowski et al. [18] found that in the umbilical cord blood

(umbilical vein), myoglobin, troponin T, CK and CK-MB

were statistically significantly higher in spontaneous vs

caesarean section, reflecting some kind of heart strain in

normal birth. There was an increase with gestational age

for CK and CK-MB [18]. CK and CK-MB were just sig-

nificantly different between males and females. There was

only a weak correlation between birth weight and CK, CK-

MB, myoglobin and troponin T [18]. There was a statisti-

cally significantly higher CK, troponin T and myoglobin in

the artery versus vein [18]. Baum et al. investigated the

distribution of troponin I in cord blood of healthy new-

borns. Compared to the adult values, the newborn upper

limit was doubled for troponin I. No statistically significant

differences were found between males and females for

troponin I. A significant difference was found for troponin I

between natural childbirth and caesarean section

[27, 39, 41]. Trevisanuto et al. measured and compared

cardiac troponin I, cardiac troponin T and CK-MB con-

centrations in the umbilical cord blood of healthy term

infants and investigated the relationship between maternal

and neonatal troponin values at birth, concluding that these

cardiac regulatory proteins are of neonatal origin and are

not influenced by maternal levels. In newborns, there was

no significant correlation between CK-MB levels and tro-

ponin I concentrations. Furthermore, levels of troponin I

and T were not significantly correlated with gestational

age, birth weight and Apgar score at 5 min [26].

In healthy newborns, low levels of troponin I were

reported [22, 26] by Trevisanuto et al. and Hirsch et al.,

while Soldin et al. [23] reported 33 % of neonatal patients

with troponin I levels[0.1 ng/mL. These differing results

could be due to differences in post-natal age and clinical

characteristics of the study population; however, the most

important reason is probably the different immunoassay

methods used for troponin I determination, making it

practically impossible to compare the data from these

studies [26].

Turker et al. tested the hypothesis that cardiac troponin I

is also an early predictor of severity of cerebral damage and

mortality in intrauterine hypoxia. Venous and arterial cord
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blood samples were collected at delivery from 54 consec-

utive newborns with hypoxic-ischaemic encephalopathy

and from 50 consecutive healthy controls. Arterial blood

gas analysis was performed, and levels of troponin I, CK

and CK-MB in venous cord blood were measured. The

same serum parameters were also measured on the 3rd and

7th day of life. Infants with hypoxia had a significantly

higher cord blood troponin I levels than controls. Cord

blood and 3rd and 7th day serum troponin I values showed

a significant increase with severity of hypoxic-ischaemic

encephalopathy. In non-survivors cord blood, troponin I

levels were significantly higher than the survivors. Recei-

ver-operator curve analysis revealed cord troponin I as the

most sensitive factor for predicting early death. Cord blood

troponin I of 4.6 ng/mL was identified as the optimal cut-

off level for predicting serious risk of early mortality. The

results suggest that significant elevation of cord troponin is

an excellent early predictor of severity of hypoxic-is-

chaemic encephalopathy and mortality in term infants [48].

Umbilical cord troponin I was not different between hos-

pitalized newborns versus non-hospitalized newborns in a

study by Usluer et al. [40].

Kocylowski et al., evaluated cardiac injury biomarkers in

foetuses, ten of which had cardiac defects, plotted against

normal ranges, and troponin T was only increased in 2/10.

In troponin T, CK, CK-MB and myoglobin, there were no

significant differences from normal. These changes were

independent from umbilical cord blood pH at birth [18].

Troponin I concentration in the cord blood of newborns

with neonatal lupus was not different from unaffected

patients. Also, no significant associations were identified

between troponin I and extranodal disease, post-natal out-

comes or severity score [58]. The authors speculate that

necrosis of tissue that precedes cardiomyocyte calcification

occurs only during the target gestational age of disease

onset, and troponin I levels may normalize by the time of

childbirth. Alternatively, the troponin I assay used may not

have been sufficiently sensitive to detect smaller differences

due to heart failure or myocarditis that novel high-sensi-

tivity tests would potentially discern [58, 60]. This might

also be explained by the antibodies causing cardiomyocyte

apoptosis, a controlled way of cell death, that may not lead

to a substantial release of cardiomyocyte proteins [61].

In multiple gestations, troponins T and I and CK-MB

were not increased in twins at birth and were not different

between the first- and the second-born twin [62]. In

intrauterine growth restriction that implies foetal hypoxia,

resulting in flow redistribution and sparing of vital organs,

no differences in troponin I levels were observed between

the appropriate-for-gestational-age and intrauterine growth

restriction groups [63]. Increase in troponin T but not in

CK and CK-MB was found in the umbilical cord blood in

intrauterine growth restriction [18].

Further research is necessary before cardiac injury

biomarkers can be used in clinical practice in this age

group [64, 65].

Cardiac biomarkers and echocardiographic

parameters in newborns

Wei et al. evaluated the left ventricular function of new-

borns with asphyxia. Left ventricular ejection fraction and

fractional shortening of the severe asphyxia group at 24 h

were significantly lower than those at later time points and

significantly lower than those of the mild asphyxia and

control groups. Stroke volume was not significantly dif-

ferent among the three groups. TDI S0 was a more sensitive

indicator of left ventricular systolic function than left ven-

tricular ejection fraction, fractional shortening or stroke

volume. S0 wave of asphyxia groups was significantly lower

than that of control group. Troponin I values of the severe

asphyxia group were remarkably higher than those of mild

asphyxia and control groups. S0 showed a better correlation

(negatively) with troponin I, than with fractional shorten-

ing, indicating that S0 is a better parameter than fractional

shortening to reflect ischaemic change of left ventricle after

asphyxia [49]. Matter et al. [66] correlated S0 mitral and

tricuspid velocities in full-term newborns and controls.

Mitral and tricuspid S0 were lower in asphyxiated newborns.

Troponin T was higher in asphyxiated newborns and cor-

related positively with left ventricular Tei index and right

ventricular Tei index and negatively with the mitral and

tricuspid S0 velocities. Fractional shortening did not corre-

late with troponin T [66]. Troponin T was predictive of

death, while the echocardiographic parameters evaluated

were not [66]. Simovic et al. [52] found a significant cor-

relation between troponin I concentration and ejection

fraction and fractional shortening in patients with perinatal

asphyxia, while no correlations were found between tro-

ponin I and echocardiographic measurements in perinatal

asphyxia in other studies [53, 66]. In the asphyxiated pop-

ulation, troponin T levels were markedly raised and corre-

lated with a decline in cardiac output [67]. Troponin T of

asphyxiated infants with low ejection fraction\60 % was

significantly higher at 12 and 24 h than those with normal

ejection fraction [55].

Left ventricular contractility as assessed by ejection

fraction and percentage shortening was higher in newborns

of diabetic mother compared with the controls. This finding

could reflect myocardial compromise or an increase in the

ventricular workload [50, 68].

In preterm infants, plasma concentrations of troponin T

measured in infants\1500 g at 12 h of age were correlated

with simultaneous echocardiographic measures of

myocardial function and output. There was a significant

inverse correlation between troponin T and
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echocardiographic markers of myocardial function and

stroke volume. Measurement of levels in the first hours of

life may provide useful information regarding myocardial

function and volume loading [69].

Clark et al. found a negative correlation between tro-

ponin T and fractional shortening measured on day one in

newborns with respiratory distress. There was no statisti-

cally significant correlation between left ventricle output

and troponin T [45]. Troponin T levels in newborns with

CHD did not correlate with left ventricular ejection fraction

[70]. Only hemodynamic significance evaluated by

echocardiography influenced the troponin levels [70]. In a

study by Bottio et al. [35] of newborns and children after

cardiac surgery, when troponin I exceeded 35 ng/mL, at

echocardiogram, a severely depressed left ventricular

ejection fraction was evident. Patients with troponin I

[35 ng/mL and cardiac dysfunction at discharge showed

complete recovery at 12-month follow-up. Authors specu-

late that cardiac remodelling might also appear after dev-

astating myocardial damage [35, 71].

Conclusions

In the paediatric population, cardiac biomarkers show a

good correlation with the extent of myocardial damage

following cardiac surgery and cardiotoxic medication and

can be used as predictors of subsequent cardiac recovery

and mortality. Elevation of cardiac injury biomarkers may

also have diagnostic value in cases when cardiac contusion

or pericarditis is suspected. Results suggest that significant

elevation of cord troponin is an excellent early predictor of

severity of hypoxic-ischaemic encephalopathy and mor-

tality in term infants. However, different immunoassay

methods used for cardiac biomarkers determination make it

difficult to compare the data from different studies. Addi-

tionally, cardiac biomarkers are not stand-alone tests and

should be used as an integrated approach and in the clinical

context. Cardiac biomarkers may also benefit centres

without on-site echocardiography with evidence showing

good correlation with echo-derived markers of myocardial

function. Further studies are needed to better clarify the

role of cardiac biomarkers in paediatric age and their

correlation with echocardiographic parameters.
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