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Abstract: 

Cardiac biomarkers are used as first line diagnostic tools in suspected myocardial injury and 

heart failure in adult patients. Their use in paediatric patients has been limited by variability 

caused by age, gender and presence of an underlying congenital cardiac condition. There 

are established  reference ranges for both NT-proBNP and Troponin in healthy children, but 

these cannot be applied to all paediatric patients because of limited large studies focusing 

on children with congenital heart disease and/or cardiomyopathy.  

 

This article will focus on the pathophysiology of myocardial injury and heart failure in 

children and the subsequent cardiac biomarker correlation. It will explain how to interpret 

the biomarker assay levels obtained for both Troponin and NT-proBNP and highlights the 

importance of a clear clinical question prior to requesting a cardiac biomarker assay level.  

Clinical cases outline scenarios that may prompt consideration of biomarker analysis in 

children and aims to equip the reader with an understanding of how to interpret the results.  

 

 

 

 

 

 

 

 

 

 



Introduction 

 

There are two common cardiac biomarkers used in adults with suspected cardiac disease. 

Troponin to diagnose or exclude acute coronary syndrome in adults, and NT-proBNP/BNP to 

aid diagnosis and monitoring of congestive cardiac failure. Both biomarkers have been 

extensively studied, validated, and recommended by the National Institute for Health and 

Care Excellence (NICE). There is ongoing paediatric research and increasing evidence for the 

use of Troponin and NT-proBNP to aid assessment of cardiac disease in children.  

 

In the 1960s, aspartate aminotransferase (AST) was found in elevated levels in acute 

myocardial infarction. Following this, Creatine Kinase (CK) and lactate dehydrogenase (LDH) 

became the preferred biomarkers for acute myocardial injury and were used for clinical 

diagnosis (1). However, given their lack of cardiac specificity, they were replaced when a 

sensitive and reliable radioimmunoassay was developed to detect serum troponin (2). 

 

Natriuretic peptides were first discovered in mouse atrial myocardium (3). Atrial natriuretic 

peptide (ANP) and brain natriuretic peptide (BNP) were then identified and their roles in 

natriuresis and diuresis studied.  Following the ‘Breathing Not Properly’ study in 2002, there 

was clinical evidence for BNP in the diagnosis of acute heart failure in adults (4). 

 

 

 

 

 



Physiological Background 

Troponin 

The contractile apparatus of cardiomyocytes is known as the sarcomere and is comprised of 

actin (thin filaments) and myosin (thick filaments) proteins. The thin filaments also contain 

Troponins which are essential for striated muscle contraction (5). There are three subunits 

of the troponin complex: Troponin T, Troponin I and Troponin C (Figure 1). Troponin T and 

Troponin I are cardiac specific isoforms, whereas Troponin C is also present within thin 

filaments of skeletal muscle. Troponin T binds the troponin components to tropomyosin, 

Troponin I inhibits the interaction of myosin with actin, and troponin C exhibits a binding 

site for Ca2+, which is required during excitation-contraction coupling (6). When 

cardiomyocytes become damaged, troponin protein is released into the blood stream and 

this can be detected almost immediately following cardiac injury, including an ischaemic or 

hypoxic event (7).  Common cardiac manifestations that can lead to elevated blood troponin 

levels are described in Table 3. There are also non-cardiac causes for a blood troponin rise 

including, but not limited to, carbon monoxide poisoning, asphyxiation, renal failure and 

infection/fever (8). Therefore all elevated troponin levels must be considered within their 

clinical context. 

 

Figure 1: Troponin structure 

 

NT-proBNP 

BNP is a cardiac natriuretic hormone synthesised predominantly by cardiomyocytes as a 

preprohormone, pre-proBNP. Subsequent removal of the signal peptide forms proBNP. 

ProBNP is cleaved into two peptides at the point of secretion: the inactive precursor NT-



proBNP and the active hormone BNP (Figure 2). ProBNP, NT-proBNP, and BNP can be 

detected in the circulation. Routine diagnostic measurement of NT-proBNP has largely 

overtaken BNP given its longer half-life and stability. The main mechanical stimulus for BNP 

secretion is ventricular distension, although studies suggest multiple other 

proteins/hormones can promote secretion including endothelin-1, α-adrenergic agonists, 

angiotensin II, glucocorticoids, vasopressin, growth factors and cytokines. Elevated levels of 

BNP are found in adults with heart failure. It is understood to work within target tissues to 

reduce vascular tone, increase electrolyte and water excretion and functionally antagonise 

the renin angiotensin aldosterone system (RAAS) (9).  

 

Figure 2: NT-proBNP is predominantly produced by cardiomyocytes  

 

Technological Background 

A small volume of blood should be obtained for laboratory analysis - it is advised to check 

with each local laboratory regarding minimum volume required. The analysis of Troponin or 

NT-proBNP can be carried out on either serum or plasma, though it is recommended not to 

use different sample types interchangeably for the same patients as variations have been 

reported between serum and plasma (10).  

 

Troponin as a marker of cardiac ischaemia in children and neonates 

Troponin concentrations above the 99th percentile, along with clinical evidence of acute 

ischaemia, are indicative of myocardial infarction in the adult population (10).  There are 

validated clinical practice guidelines for the diagnosis and exclusion of myocardial infarction 



in adults. The gender-specific 99th percentiles for the hsTnT assay in healthy adults are; less 

than or equal to 9 ng/L for females and less than or equal to 17 ng/L for males.  

 

Currently there are no validated guidelines for how to interpret Troponin in children.  

Troponin levels vary with age and gender making their interpretation challenging. The 

current best data regarding paediatric normal ranges of Troponin come from the CALIPER 

study of over 1400 healthy children aged 0-19 years (Table 1). Myocardial ischaemia in 

children is rare compared to adults. In children ischaemic injury tends to be as a result of 

myocarditis/perimyocarditis, coronary artery abnormalities or secondary to drug ingestion 

which induces vasospasm (11). An elevated troponin aids diagnosis in these clinical 

presentations but is unable to predict prognosis and therefore clinicians rely on 

echocardiogram and cardiac MRI for monitoring. 

 

Serial Troponin measurements can also be useful in the neonatal setting.  Neonatal 

myocardial infarction, whilst uncommon, can be caused by perinatal asphyxia, congenital 

heart disease, myocarditis, and congenital diaphragmatic hernias (12). As in older children 

there is variability in normal troponin levels in healthy neonates.  Serial measurements, 

under specialist guidance, can be useful but there are no agreed guidelines or cut-offs in 

widespread use for preterm or low birth weight infants (13). 

 

 

 

 

 



Table 1: Summary of 99th percentile upper limit cut-off for normal ranges in healthy children 

for Troponin using various assays (14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assay Age (years)  Sex 99th percentile cut off (ng/L) 

Abbott TnI 1-19 years Male 

and 

female 

21 

Roche Elecsys Troponin T  hs 0-6 months Male 

and 

female 

87 

Roche Elecsys Troponin T Gen 5 STAT assay 0-6 months Male 

and 

female 

93 

Roche Elecsys Troponin T  hs 6months-1year Male 

and 

female 

39 

Roche Elecsys Troponin T Gen 5 STAT assay 6 months-1 year Male 

and 

female 

21 

Roche Elecsys Troponin T  hs 1 year-19years Male 

and 

female 

11 

Roche Elecsys Troponin T Gen 5 STAT assay 1-19 years Male 

only 

 

14 

Roche Elecsys Troponin T Gen 5 STAT assay 1-19years Female 

only 

11 



NT-proBNP as a marker of congestive cardiac failure in children  

The International Society for Heart and Lung Transplantation guidelines on heart failure 

advise that BNP/NT-proBNP may be used to monitor paediatric patients with established 

heart failure but should not be used as a sole diagnostic test (15). This may be because there 

are no established reference ranges for congenital heart disease conditions and thus each 

result for these patients must be considered in the clinical context. Serial monitoring of NT-

proBNP in patients with complex congenital heart disease can be useful for identifying early 

indicators of ventricular dysfunction before evident on 2D echocardiogram, to aid risk 

stratification preoperatively and to maximise medical management. NT-proBNP levels are 

influenced by age and gender in healthy children and are highest in the first year of life. The 

recommended age-dependent reference ranges for healthy children aged between 1 and 18 

years are shown in the Table 2. 

 

 

 

 

 

 

 

 

 

 

Table 2: Roche Cobas® derived NT-proBNP concentrations in a paediatric population aged 

between 1 and 18 obtained using the Elecsys proBNP assay (16).  



 

 

Age (Years) Number NT-proBNP (ng/L) 

  75th percentile 97.5th percentile  

1-3 13 231 320 

4-6 21 113 190 

7-9 32 94 145 

10 11 73 112 

11 69 93 317 

12 21 95 186 

13 23 114 370 

14 18 68 363 

15 24 74 217 

16 24 85 206 

17 24 71 135 

18 12 53 115 

 

 

 

 

 

 

 

Scenarios  



In this section we present some common paediatric scenarios and discuss the role of 

Troponin and NT-proBNP testing. 

 

Is there benefit in sending a Troponin in all children with chest pain?  

Scenario 

You are the paediatric registrar on-call in and receive a phone call from A&E regarding Abdul 

a 14-year-old boy who presents with a history of non-exertional central chest pain for the 

past week. He states it started after he was lifting weights. The pain can be associated with 

feeling a little short of breath, but he denies palpitations, syncope or presyncope. He has a 

normal cardiovascular examination, vital signs and ECG. He is slightly tender on palpation 

over his midsternum. The A&E registrar tells you she thinks his pain is likely musculoskeletal 

in origin and suggests discharging him home with safety net advice about red flag symptoms 

but asks you if there is a benefit in sending a troponin prior to discharge to help exclude a 

cardiac cause. 

Outcome 

Troponin should only be used if the clinician suspects an ischaemic heart condition in 

children as a tool for diagnosis and monitoring (see Table 3). A troponin level is not 

indicated in this case of musculoskeletal chest pain. The most useful tool to decipher if the 

pain may be cardiac in nature is a detailed clinical history. Chest pain is a very common 

presentation in children and in only 5% of patients there is an underlying cardiac cause (17). 

If a mildly elevated troponin level is obtained in a low-risk healthy child, it may lead to 

further unnecessary invasive investigations and stress for the patient and their families 

which could have been avoided. If you suspect a cardiac cause of the patient’s chest pain 



following a comprehensive history, clinical examination, and an ECG;  discussion with the 

local paediatric cardiology team is appropriate for further management. 

 

Can NT-proBNP  be used to diagnose congestive cardiac failure? 

 Scenario 

Angela is a 4-month-old girl with Trisomy 21 and diagnosed atrioventricular septal defect 

(AVSD). Her father tells you she has been struggling to gain weight over the past month and 

is now feeding less than half of her usual bottle volumes. He thinks she is breathing faster 

and is worried she is also sweating more. Her older sister Edith currently has a cold at home. 

On examination she weighs 4.8kg, is warm and well perfused. She has normal heart sounds 

and a pansystolic murmur radiating to her back. There is 3cm liver palpable. You note her 

respiratory rate is 66 and oxygen saturations are 92% in room air. 

 

Outcome 

Angela is experiencing symptoms of congestive cardiac failure secondary to her AVSD. It is 

also important to consider other non-cardiac causes of her symptoms such as respiratory 

illness or sepsis. Congestive cardiac failure is a clinical diagnosis and management is guided 

by clinical features not NT-proBNP levels. NT-proBNP values need to be interpreted in 

conjunction with the medical history, clinical findings and other information (e.g. imaging, 

laboratory findings, accompanying disorders, treatment effects) and should only be used 

under specialist supervision. NT-proBNP can be useful to monitor heart failure in certain 

settings but in this case a clinical diagnosis is the priority given that Angela has a clear cause 

of her symptoms and a one-off NT-proBNP level wouldn’t change management.   

 



Are cardiac biomarkers useful in suspected myocarditis? 

Scenario  

Fatima is a 15-year-old previously healthy girl who has had temperatures, chest pain and 

fatigue for four days. She describes the pain as worse lying flat and feels sharp and stabbing 

in nature. Fatima feels generally unwell and looks miserable. Her temperature is 37.9oC, 

heart rate 140bpm, blood pressure 90/58mmHg and oxygen saturations 96% in room air. 

She has normal heart sounds and a soft ejection systolic murmur audible. The remainder of 

her examination is unremarkable. A chest x-ray indicates cardiomegaly. You suspect she 

may have myocarditis and consider the role of cardiac biomarkers in this setting. 

 

Outcome 

Myocarditis is typically associated with ECG changes mimicking acute myocardial infarction 

and cardiomegaly on chest x-ray. Cardiac biomarkers have an important role in the diagnosis 

of suspected myocarditis as both troponin and NT-proBNP will be elevated secondary to 

myocardial inflammation and dysfunction.  Of note, inflammatory markers such as CRP will 

also be elevated in myocarditis (18). Diagnosis is confirmed with echocardiography and/or 

cardiac MRI. As myocarditis is usually caused by viral or rheumatological conditions, it is 

seen in previously healthy children and therefore the reference ranges based on age and 

gender in Tables 1 and 2 may be used. Troponin and NT-proBNP may also be used in 

confirmed myocarditis to monitor treatment response and identify relapses over time.   

 

 

Are cardiac biomarkers useful in PIMS-TS? 



Paediatric Inflammatory Multisystem Syndrome (PIMS-TS) is associated with evidence of 

myocarditis, valvular regurgitation and reduced cardiac function in children with previously 

healthy hearts. PIMS-TS is an inflammatory multisystem condition believed to be associated 

with previous COVID-19 infection in the preceding weeks/months. Studies of PIMS-TS/MIS-C 

state that troponin and NT-proBNP are elevated in children with PIMS-TS (19) and correlate 

to evidence of myocarditis and shock (20). Clinicians should use both biomarkers to aid 

diagnosis and prognosis in suspected PIMS-TS.  

 

 

Table 3: Indications and limitations of cardiac biomarkers in cardiac manifestations 

Elevated Troponin Causes 

Myocarditis  Viral infections 

PIMS-TS/MIS-C* 

Immune mediated e.g. Kawasaki Disease 

Autoimmune e.g. sarcoidosis 

Drug ingestion 

Pericarditis  Viral infections 

Bacterial infections (rare) 

Acute rheumatic fever 

Tuberculosis  

Postoperative 

Coronary artery 

abnormalities 

Congenital e.g. aberrant or single coronary artery or 

coronary artery fistula 



 

 

*= Paediatric Inflammatory Multisystem Syndrome (PIMS-TS)/Multisystem Inflammatory 
Syndrome in Children (MIS-C) 
 

 

Clinical Bottom Line 

Cardiac biomarkers may have a role in assessment of children and young people presenting 

with conditions including ischaemic heart disease and heart failure. There is increasing 

evidence that they can be used for diagnosis and monitoring of these conditions but 

reference ranges for healthy children should be used with caution in children with 

suspected/confirmed congenital heart disease or cardiomyopathy. A focused history, clinical 

examination and basic investigations including ECG and/or 2D echocardiogram remain gold 

standard in assessment of children presenting with possible cardiac conditions. Cardiac 

biomarkers are useful in individual cases when clinicians understand their benefits and 

limitations.  

 

 

Coronary artery vasospasm Drug use e.g. cocaine 

Elevated NT-proBNP Causes 

Congestive cardiac failure Congenital heart disease 

Cardiomyopathy 

Acquired  heart diseases e.g. following myocarditis or 

Rheumatic heart disease 

Metabolic abnormalities 
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