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Cardiac Biomarkers in Pediatrics: An Undervalued
Resource
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Khosrow Adeli®P*

BACKGROUND: The clinical use of common cardiac
biomarkers, such as brain natriuretic peptides and
troponins, has traditionally been limited to adult
populations in the assessment of heart failure and acute
coronary syndrome, respectively. While many have dis-
counted the value of these markers in pediatric popula-
tions, emerging evidence suggests they may be useful in
the diagnosis and prognostication of many cardiac and
noncardiac pathologies in neonates, children, and ado-
lescents, and an increasing number of pediatric hospitals
are routinely measuring cardiac markers in their clinical
practice.

CONTENT: This review summarizes and critically
evaluates the current literature regarding the applica-
tion of cardiac biomarkers for clinical decision-making
in the pediatric population. Main potential clinical
indications discussed herein include primary cardiac
disease, immune-related conditions, and noncardiac
disease. Important diagnostic and interpretative chal-
lenges are also described in relation to each potential
indication.

SUMMARY: Despite a general lack of clinical awareness
regarding the value of cardiac biomarkers in pediat-
rics, there is increasing literature to support their
application in various contexts. Cardiac biomarkers
should be considered an undervalued resource in the
pediatric population with potential value in the diag-
nosis and prognosis of myocarditis, congenital heart
disease, and heart failure, as well as in the assessment
of severity and cardiac involvement in immune-
related and other systemic conditions. While interpre-
tation remains challenging in pediatrics due to the
age- and sex-specific dynamics occurring throughout
growth and development, this should not prevent
their application. Future research should focus on
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defining evidence-based cut-offs for specific indica-
tions using the most up-to-date assays.

Introduction

Circulating cardiac biomarkers are integral to the diag-
nosis, prognosis, and monitoring of cardiac distress in
patients with both primary and nonprimary cardiac eti-
ology. The most commonly used cardiac biomarkers in
clinical care are B-type natriuretic peptides (i.e., B-type
natriuretic peptide (BNP) and N-terminal fragment
prohormone B-type natriuretic peptide (NT-proBNP))
and cardiac troponins (cTns). Indeed, the advent of
high sensitivity ¢T'n (hs-cTn), BNP, and NT-proBNP
assay measurements has revolutionized the management
of cardiac disease in adults, providing particular value in
the diagnosis of acute coronary syndrome (ACS) and
heart failure (HF), respectively, and their differentiation
from other conditions with similar clinical presenta-
tions. Additional cardiac biomarkers that are similarly
useful in the identification of myocardial injury or HF
in adults, but often not available clinically, include
creatine kinase MB isoform (CK-MB), myoglobin, solu-
ble interleukin 1 receptor-like 1 (ST2), galectin 3, and
heart-type  fatty acid-binding protein (H-FABP).
Despite clear applications in adult populations, the clini-
cal value of cardiac biomarkers in pediatrics is not well
understood. Importantly, the clinical presentation and
pathophysiological mechanisms underlying common
cardiac stressors in children are quite discrepant from
adults. For example, the most common clinical indica-
tion for measuring cTns in adults is suspicion of myo-
cardial infarction (MI). Due to the extreme rarity of
pediatric MI, the clinical value of cTns in children has
often been discounted. However, existent and emerging
literature points toward different, but perhaps equally
valuable, indications for these biomarkers in neonates,
children, and adolescents relative to adults. Here, we
critically review the current literature investigating
potential clinical applications for cardiac biomarker
measurement in pediatric populations and discuss
possible implications for clinical decision-making and
patient care.
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Cardiac Biomarker Interpretation: Unique
Pediatric Considerations

Proper use and interpretation of cardiac biomarkers in a
pediatric context require special consideration, as well as
a basic understanding of their physiological role, analyti-
cal limitations, and underlying concentration pattern
throughout childhood and adolescence (Fig. 1).

CARDIAC TROPONINS

Tropomyosin protein contains complexes composed of
cardiac troponin C (cTnC), cardiac troponin I (cTnl),
and cardiac troponin T (cTnT). In healthy individuals,
most cI'n is bound to the sarcomere with the remainder
existing freely in the cytoplasm within cardiac myocytes.
In adults, both ¢Tnl and ¢TnT are of diagnostic
and clinical value in the identification of myocardial
injury. The clinical and analytical considerations
associated with c¢T'nl and cT'nT measurement in this
context, including assay sensitivity, commutability,

and interpretation, have been extensively reviewed
elsewhere (3). In brief, the Fourth Universal
Definition of MI defines acute myocardial injury as ris-
ing or falling patterns in ¢Tn values with at least one
value above the assay-specific 99th percentile (4).
While ¢Tn values increase under ischemic conditions
as a reflection of myocardial injury, the underlying
pathophysiological mechanism (e.g., preload-induced
mechanical stretch, myocardial cell turnover, and apo-
ptosis) cannot be definitively concluded. An important
caveat to the specificity of ¢T'ns in the identification of
myocardial injury in adults is re-expression of ¢TnT in
injured skeletal muscle, causing false-positive cardiac
diagnoses (4). This has not been reported to date for
cT'nl (4). An appreciation of this is important in the
interpretation of increases in ¢I'n in both adults and
children.

Evaluating cTns in pediatrics presents unique
challenges that are often overlooked in available adult-
focused literature. The International Federation for
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Fig. 1. Overview of main cardiac biomarkers and their structures in cardiomyocytes and subsequent release into circulation.
Pediatric reference value distributions for hs-cTnT and NT-proBNP are also included (1, 2).
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Cardiac Biomarkers in Pediatrics

Clinical Chemistry and Laboratory Medicine (IFCC)
Committee on Clinical Applications of Cardiac Bio-
Markers (C-CB) has developed definitive tables of 99th
percentiles for the majority of high-sensitivity, contem-
porary, and point-of-care ¢T'n assays (Table 1) (10).
Unfortunately, these manufacturer-derived percentile
cut-offs are based exclusively on adult populations. In
the limited literature available, cTnl and cTnT concen-
trations in healthy children and adolescents have been
reported to differ slightly as compared to adults, with
some reports indicating slight increases, particularly in
the neonatal period (Table 1) (1, 2, 9, 11). These rela-
tive increases could be a result of cT'n release from cardi-
omyocytes due to physiological growth (1, 2, 9, 11).
While the mechanism behind increased neonatal ¢Tn
concentrations is unknown, fetal cT'n expression in the
skeletal muscle, transient hypoxia at birth, and/or car-
diac leakage are proposed to contribute to increased con-
centrations (12). These concentration dynamics suggest
age-specific interpretation may be required within the
pediatric population. Age-specific dynamics in ¢T'n have
also been observed in adults, with higher concentrations
reported in the elderly. Considering age in ¢Tn interpre-
tation is thought to add significant clinical complexity
with unknown improvements on clinical outcome.
However, in pediatrics, it is clear that cTn interpretation
in neonates requires age-speciﬁc interpretation (Fig. 1).

Minor sex-specific differences in ¢Tn have also
been observed in healthy adolescents, with higher con-
centrations in males relative to females (1). This obser-
vation is consistent with adult findings, although the
endorsement of sex-specific 99th percentiles for ¢T'ns in
the assessment of MI is not consistent across adult-based
clinical guidelines (4, 13). Based on available evidence,
sex-specific 99th percentiles are strongly encouraged by
the laboratory community (13). Taken together, these
considerations underscore the potential importance of
interpreting cTnl and cTnT concentrations in an age-
and sex-specific manner. More large-scale studies are
needed to support whether age and sex-stratification is
of clinical value. In addition to considering age/sex, dif-
ferences between the clinical udility of ¢Tnl and ¢TnT
are not well understood, especially in pediatrics. This ev-
idence gap combined with lack of standardization in
cTn assays poses clinical challenges and complicates the
comparison and interpretation of research study find-
ings, particularly in pediatrics where literature is more
limited. In this review, findings from conventional and
high sensitivity assays will be notated as cTn in ng/mL
and hs-cTn in ng/L, respectively. The isoform of ¢Tn
(i.e., cTnT, cTnl) will be specified.

B-TYPE NATRIURETIC PEPTIDES
BNPs are released primarily from the cardiac ventricles
in response to pressure overload and ventricular wall

stretch. The prohormone, proBNP, is released and sub-
sequently cleaved to produce the active hormone, BNP,
and an inactive N-terminal fragment, NT-proBNP.
Similar to ¢T'n, BNP and NT-proBNP interpretation in
children is complicated by unique age and sex dynamics.
Pediatric reference concentrations of BNP and NT-
proBND have been reported to be significantly increased
at birth, decreasing rapidly during the first few weeks of
life, after which concentrations remain largely stable (6,
14, 15). The increased concentration at birth is sus-
pected to be a result of perinatal circulatory changes
causing increased ventricular volume and pressure (16).
Following the neonatal period, there is a decline in BNP
and NT-proBNP concentrations. Some studies have ob-
served slight increases in puberty, suggesting modula-
tion of cardiac natriuretic peptides by endocrine and/or
paracrine actions of sex hormones on the renin-angio-
tensin system (17). However, others have reported no
change in adolescence relative to early childhood (2).
When comparing pediatric and adult values, BNP and
NT-proBNP have been observed to be higher in chil-
dren and adolescents (Table 1). The mechanism behind
such physiological increases is unknown and further re-
search is needed. The influence of sex on BNP and NT-
proBNP concentrations is even less clear, and conflict-
ing findings have been reported (14, 15). Furthermore,
the clinical utility and performance of BNP and NT-
proBNP are largely regarded as comparable in many
adult guidelines, with the exception of evaluating
patients on angiotensin receptor—neprilysin inhibitors
(ARNIs) where NT-proBNP is preferred due to BNP
acting as a substrate for neprilysin (5, 18). Their relative
benefits in pediatric indications are not clear. Most stud-
ies do not provide rationale for selecting BNP vs NT-
proBNP and few evaluate comparative clinical utility.
Biomarker selection may be related to analytical consid-
erations; NT-proBNP is often seen as more desirable
due to its longer half-life, increased stability in vitro,
and better concordance between assays compared to

BNP (19).

ADDITIONAL CARDIAC BIOMARKERS

While cTns, BNP, and NT-proBNP dominate clinical
practice and recent literature, other cardiac biomarkers
have demonstrated value in the identification of myocar-
dial injury or HF in adults. Specifically, prior to the de-
velopment and clinical implementation of hs-cTn
assays, CK-MB and myoglobin were primarily used for
the identification of MI in adults. Given the improved
sensitivity and specificity of c¢Tns relative to CK-MB
and myoglobin, The Fourth Universal Definition of MI
only recommends their measurement when ¢Tn is not
available (4). This has led many clinical laboratories to
stop offering these assays. Thus, this review will not fo-
cus on their application in pediatrics.
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Cardiac Biomarkers in Pediatrics

In addition to markers of myocardial injury, ST2,
galectin-3, and H-FABP have demonstrated value in
the prognostication of HF in adults. In contrast to
CK-MB and myoglobin, these markers are relatively
novel and often not available on routine analyzers, re-
quiring specialized assay methodologies (e.g., ELISA),
leading to lack of clinical implementation. Guidelines
on the classification of HF in adults do not provide
strong recommendations on the clinical application of
these markers (5, 18). Unsurprisingly, their role in pe-
diatrics is even less clear with very few publications
reporting clinical and normative data. Thus, these car-
diac biomarkers will not be a focus in this review, but
should be revisited as more literature becomes
available.

In summary, as demonstrated in Fig. 1, cTnl,
cTnT, BNP, and NT-proBNP concentrations vary by
age and sometimes by sex, requiring consideration of
these covariates in pediatric test interpretation. An ap-
preciation of this, along with analytical and biochemical
differences, is important to keep in mind in test applica-
tion and interpretation in children and adolescents.

Potential clinical indications for cardiac
biomarkers in pediatrics

PRIMARY CARDIAC DISEASE

While the overall prevalence of cardiac disease in the pe-
diatric population is much lower when compared to
adults, it contributes significantly to pediatric morbidity
and mortality with high disease burden. Noninvasive
biochemical monitoring may present a clinically useful
resource in pediatric cardiology, correlating to severity
of congenital heart disease, as well as various acquired
heart conditions. However, very few guidelines are avail-
able to support their definitive clinical use in certain
contexts in pediatrics. A summary of literature regarding
potential indications for cardiac biomarkers in pediatric
heart diseases is described below (Fig. 2).

EMERGENCY SETTINGS

The measurement of ¢T'n in adult patients presenting to
the emergency department (ED) with chest pain is rou-
tine. In pediatrics, suspicion of MI or other underlying
cardiac pathology in patients with chest pain is low, and

Myocarditis

Diagnostic: Identification of
myocarditis at presentation.

Prognostic: Evaluating patients with
myocarditis for risk of poor clinical
outcome (e.g. LVEF, mechanical
support, ECMO, mortality).

I
I
[

Diagnostic: Identification of cardiac
pathology in pediatric patients in ED
presenting with chest pain.

1¢Tn

AN

.

\

Chest Painin ED . <

Congenital HD

Diagnostic: Neonatal screening for BNPs
CHD diagnosis. T
Prognostic: Evaluating the extent of
myocardial damage in patients with
CHD.

1cTn

Cardiac Surgery

Prognostic: Evaluating post-

operative risk of poor outcome (e.g.
inotropic support, renal dysfunction
duration of intubation, and mortality)

1cTn

.

o

Heart Failure

Diagnosis: |dentifying patients with
failure as a result of conditions above.

Prognosis: Evaluating risk of poor outcomes
(e.g. hospitalization, transplantation, and death)

Fig. 2. Summary of potential diagnostic and prognostic indications for traditional cardiac biomarkers in pediatric heart disease.
Note: cTn isoforms and BNPs are not differentiated due to insufficient literature to support a clinical advantage of measuring
one versus the other.
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thus the utility of cTn in this scenario is heavily
debated. Few retrospective studies have suggested that
both ¢Tnl and ¢TnT can be useful adjuncts in the dif-
ferentiation of cardiac involvement in these patients
(20-23). In a recent study by Dionne et al., increased
cTnT (>0.1 ng/mL) was observed in 9% of the study
population (0 to <20 years, ED patients) and a cardiac
diagnosis was made in 60% of those patients (20). The
most common cardiac diagnoses observed included
myocarditis, cardiomyopathy, and arrhythmia (20), sim-
ilar to other reports (21-23). Serial cI'n measurement
was not reported as useful when ¢Tn concentrations
were increased at presentation, but was suggested to be
of potential value when initial concentrations are not
increased and there is ongoing concern about cardiac
involvement (20). Other reports did not specifically
evaluate the impact of serial testing, but discussed po-
tential value in trending cTn values (21-23). These
findings suggest that while there is very low likelihood
of MI in the pediatric population, cT'n screening in chil-
dren presenting with chest pain may be useful in the
identification of underlying cardiac etiology, especially
in the presence of clinical suspicion or abnormal electro-
cardiogram. It is important to note there are no clinical
recommendations supporting the measurement of
cTn in children presenting with nonspecific chest pain.
Indeed, many argue c¢Tn screening provides minimal
benefit in relation to its associated costs and resource
utilization (24). Prospective cohort studies are needed to
weigh the benefits of cTn screening in pediatric EDs
using the most up-to-date high sensitivity assays and
standardized serial testing algorithms.

MYOCARDITIS

Myocarditis, an inflammatory disease of the heart mus-
cle, remains a diagnostic and prognostic challenge in the
pediatric population. Cardiac biomarkers, in conjunc-
tion with imaging and endomyocardial biopsy, may aid
in both the diagnosis and prognosis of myocarditis in
children. Specifically, cTn measurement has been sug-
gested to have clinical value in the exclusion of myocar-
ditis in children, and several diagnostic cut-offs have
been proposed. cTnT diagnostic cut-offs of <0.052 ng/
mL (sensitivity: 71%, specificity: 86%) (25) and
<0.01 ng/mL (sensitivity: 100%, specificity: 85%) (26)
have been reported. In both reports, statistics are based
on a single screening test, providing limited information
on the value of reassessment (25, 26). Recently,
Howard et al. used pediatric ED data to assess the
appropriateness of these cut-offs (27). As part of their
diagnostic algorithm for myocarditis, the authors found
that a cTnT cut-off of 0.01 ng/mL was more sensitive as
a single screening test and did not significantly compro-
mise specificity. These proposed cut-offs are much lower
than those commonly used to identify myocarditis in

6 Clinical Chemistry 00:0 (2021)

adults (>0.1 ng/mL). This could suggest that clinical
outcomes are associated with smaller relative increases in
cI'n concentrations in pediatric populations, further
highlighting the need for special considerations in
children. In addition to cTnT, significant increases in
cTnl have been described in pediatric patients with
myocarditis relative to idiopathic dilated cardiomyopa-
thy, suggesting value in the differential diagnosis of
these conditions (28). BNP has not demonstrated simi-
lar differential capacity, with generally poor diagnostic
value (28). Literature regarding NT-proBNP measure-
ment in pediatric myocarditis diagnosis is very limited.

In addition to the diagnosis of myocarditis in
children, current evidence supports the value of cardiac
biomarkers in patient prognosis. Markers of cardiac in-
jury, such as creatine kinase (CK), CK-MB, and/or
cTn, have been shown to correlate with poor clinical
outcomes in children with myocarditis, including
the need for extracorporeal membrane oxygenation
(ECMO) support and higher risk of mortality (29, 30).
NT-proBNP and BNP also have demonstrated value in
the prediction of low left ventricular ejection fraction,
need for mechanical circulatory support, and risk of
cardiac arrest in children with myocarditis (31, 32).
Thus, monitoring various cardiac biomarkers may pro-
vide both diagnostic and prognostic value in the setting
of pediatric myocarditis, particularly given existing chal-
lenges in rapid patient identification.

CONGENITAL HEART DISEASE

Congenital heart disease (CHD) is the most common
form of congenital anomaly worldwide, with complex
CHDs representing the most severe form of illness. The
clinical utility of cardiac biomarkers in the context of
CHD relates mainly to prognosis, although BNP has
been proposed as a neonatal screening tool for the iden-
tification of CHD (33). Focusing on prognosis, CHDs
are commonly associated with anatomical abnormalities,
volume and pressure overload, cyanosis, and pulmonary
hypertension (PH). These pathophysiological stressors
can result in myocardial damage due to the exertion of
direct pressure and stretching of myocardial cells. Thus,
there is an anticipated role for markers of cardiac injury
in assessing the extent of myocardial damage in pediatric
patients with CHD. Indeed, increases in hs-cTnl have
been observed in children with atrial septal defects
(ASDs) and to a greater extent in ventricular septal
defects (VSDs) as a potential indicator of silent myocar-
dial damage (34). Stratification of pediatric CHD
patients based on hs-cTnT increases (>14ng/L) has
also been shown to predict higher incidence of cardio-
vascular events upon hospital admission (35). Markers
of cardiac injury thus should be considered when assess-
ing myocardial damage and prognosis in pediatric
patients with CHD.



Cardiac Biomarkers in Pediatrics

Another important consideration in the prognosis
of pediatric patients with CHD is the identification of
PH and/or HF. PH is characterized by increased blood
pressure combined with arterial resistance in the pulmo-
nary vasculature. NT-proBNP, BNP, ¢Tnl, and ¢TnT
have all been shown to correlate with measures of PH in
pediatric CHD patients, suggesting they may be useful
in the differentiation of CHD patients with and without
PH (36). In addition, both BNP and NT-proBNP have
demonstrated clinical value in the diagnosis of HF in
patients with CHD, as discussed in detail below.

CARDIAC SURGERY

Predicting postoperative outcomes in pediatric cardiac
surgery is key in reducing adverse events, hospital stays,
and the need for reoperation. The value of ¢T'ns in post-
operative evaluation, particularly in neonatal and pediat-
ric CHD patients, is well appreciated in the literature
(37-41). Indeed, a formative prospective study
by Immer et al. showed that cTnl concentrations
>25ng/mL in children at 4h and >35ng/mL at 24h
after admission to the intensive care unit (ICU) postsur-
gery, reliably predicted the need for increased inotropic
support, renal dysfunction, and duration of intubation
(41). The validity of these findings is supported by
more recent studies evaluating persistent postoperative
pediatric cTn increases, indicating value in assessing risk
of mortality as well as low cardiac output syndrome
(37-40). There is conflicting evidence to suggest that
other cardiac markers, such as BNP, possess similar clin-
ical utility (40). High pediatric preoperative concentra-
tions of BNP have been shown to be an independent
predictor of prolonged ICU stay (38). Conversely, the
use of BNP as a prognostic marker for readmission and
mortality in children was refuted by both Gupta et al.
and Parker et al. (42, 43), suggesting further investiga-
tion is warranted.

HEART FAILURE

The clinical manifestations of HF in infants and
children have been reported as diverse and dissimilar to
adults, with primary causes relating to conditions
discussed above, including dilated cardiomyopathy,
myocarditis, and CHD. As most pediatric patients with
new-onset HF are diagnosed late in disease pathogenesis
in a state of severe decompensation, facilitating early di-
agnosis and accurate prognostication through laboratory
testing is of great interest (44). In this regard, BNP and
NT-proBNP have demonstrated utility in identifying
HF in pediatric patients presenting with nonspecific
symptoms of respiratory and noncardiac disease. A study
by Auerbach et al. concluded that a BNP concentration
>140 pg/mL in pediatric outpatients with mild-to-mod-
erately symptomatic HF can be used to identify children

at higher risk for worse outcomes, including

hospitalization, transplantation, and death (45). As no-
tated in Table 1, this cut-off is substantially higher than
that proposed to rule out HF as unlikely in adults in
ambulatory settings (>50 pg/mL). Few guidelines for
the management of pediatric HF are available. The
Canadian Cardiovascular Society published a guideline
on the Presentation, Diagnosis, and Management of
Heart Failure in Children in 2013 (44). In this guide-
line, BNP and/or NT-proBNP measurement is strongly
recommended in the evaluation of acute HF in children.
However, unlike their corresponding adult recommen-
dations, specific quantitative cut-offs are not provided.
This lack of recommended quantitative cut-offs presents
challenges in the clinical implementation of this guide-
line in pediatric healthcare centers and further highlights
the lack of clinical appreciation for these markers in
pediatrics.

In summary, there is evidence suggesting advantage
of the application of cardiac biomarkers in the assess-
ment of pediatric heart conditions, especially in myocar-
ditis, CHD, cardiac surgery, and HF (Fig. 2). However,
despite available literature, there is limited clinical
guidance to support the routine measurement of these
parameters in children and adolescents with primary
heart conditions. Future work should focus on more ex-
tensive outcome studies in pediatrics using up-to-date
analytical assays in a prospective fashion.

Infectious, autoimmune, & rheumatic disease. The litera-
ture regarding the clinical utility of cardiac biomarker
assessment in pediatric patients is not limited to evaluat-
ing primary cardiac disease. Indeed, some studies
suggest utility in prognosis and monitoring of several
immune-related conditions with secondary cardiac man-
ifestations, including infectious, autoimmune, and
theumatic disease, as reviewed below and presented in

Fig. 3.

SEPSIS & SEPTIC SHOCK

The underlying immunopathology of various infectious
diseases can result in cardiac dysfunction in severe cases.
Current literature supports the measurement of cardiac
biomarkers to assist in patient risk assessment and out-
come prediction in various infectious diseases in chil-
dren, particularly sepsis. Studies have shown that ¢T'nl
and BNP concentrations measured upon hospital ad-
mission are associated with myocardial dysfunction
among septic pediatric patients (46, 47). These cardiac
biomarkers have also been indicated as useful prognostic
measures in the assessment of sepsis severity. In a
prospective observational study, Fenton et al. observed
increased ¢T'nl (>0.1 ng/mL) in more than 50% of chil-
dren with septic shock upon hospital admission, which
was associated with severity of illness (48). More re-
cently, Zhang et al. reported cTnl and BNP measured
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Fig. 3. Summary of potential diagnostic and prognostic indications for cardiac biomarkers in noncardiac conditions in children

one day after admission were significantly associated
with the severity of sepsis in 120 pediatric patients (49).
Compared to children with sepsis, Wu et al. observed
significantly higher BNP concentrations in children
with septic shock, as well as among nonsurvivors relative
to survivors (47). NT-proBNP concentrations have also
been shown to be useful in differentiating HF in chil-
dren with sepsis, as well as in predicting in-hospital
mortality (50, 51). The mechanisms behind increases in
cT'ns and BNPs in septic neonatal and pediatric patients
remain unclear, although many groups postulate direct
inflammatory injury to myocytes results in cardiomyo-
cyte necrosis, leading to increased ¢T'n concentrations.
Increased BN concentrations may also be attributed to
severity of illness, including extent of inflammation and
renal damage, rather than underlying cardiomyopathy.

RHEUMATIC DISEASE

Cardiac involvement in pediatric onset rheumatic dis-
eases has prompted investigation into the clinical utility
of cardiac biomarkers in patient assessment. Specifically,
acute rheumatic fever (ARF) is a major cause of HF in

8 Clinical Chemistry 00:0 (2021)

children and continues to be an important public
health concern, particularly in developing countries. It is
estimated that approximately 60% of ARF patients de-
velop rheumatic carditis, progressing to rheumatic heart
disease and constituting the main cause of morbidity
and mortality (52). Despite known cardiac involvement
in ARF, several studies investigating the concentrations
of prominent cardiac injury markers such as ¢Tnl,
cT'nT, and CK-MB in pediatric patients with rheumatic
carditis compared to ARF patients without active cardi-
tis (53—55), patients with scarlet fever (55), and healthy
control children (56) have found no clinically significant
differences. However, Ozdemir et al. did report a slight
statistically significant increase in ¢TnT concentrations
in 28 pediatric patients with ARF active carditis in com-
parison to 32 healthy control children, although this
observed increase did not surpass reported normal limits
(57). It is speculated that this lack of prominent change,
specifically in ¢Tnl and c¢TnT concentrations, suggests
rheumatic carditis results from connective tissue involve-
ment leading to valve malfunction, rather than direct
myocyte damage (54, 55). Conversely, NT-proBNP
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concentrations have been reported to be significantly
increased in children with rheumatic carditis compared
both to children with quiescent rheumatic heart disease
(58) and healthy control children (58-60). Therefore,
while cTnl, ¢TnT, and CK-MB concentrations likely
have limited value in the diagnosis or prognosis of rheu-
matic carditis in children, NT-proBNP could present a
useful adjunct in this regard.

KAWASAKI DISEASE

Kawasaki disease (KD) is an acute systemic vasculitis
that primarily affects children under 5 years of age and
is considered by many to be the most prominent cause
of pediatric acquired heart disease. Currently, the diag-
nosis of KD is based on the presentation of clinical
features and lacks a specific diagnostic biomarker.
However, several studies have reported significantly
increased concentrations of NT-proBNP in infants
and children diagnosed with KD compared to febrile
controls, as reviewed elsewhere (61). Following an early
prospective study by Dahdah and colleagues, which
concluded NT-proBNP to be a better marker of KD
compared to BNP, particularly in incomplete cases,
the majority of research in this field has focused on
NT-proBNP (62).

Importantly, NT-proBNP has been suggested to
play a role in supporting the diagnosis of KD, even in
the hyper-acute stage of disease when fever has not been
present long enough for a definitive diagnosis based on
clinical criteria alone (63). Moreover, some studies have
proposed NT-proBNP may be of clinical value in the
identification of KD patients at risk for developing coro-
nary artery lesions (64, 65) or progression to KD Shock
Syndrome (66). Despite promising findings, many
researchers stress that NT-proBNP is insufficient to be
used as a stand-alone test in the diagnosis of KD. NT-
proBNP testing is also not supported in the American
Heart Association clinical diagnostic guidelines for KD,
as it may not be sufficient to differentiate KD, and clear
cut-off points have not yet been defined (67). Research
investigating other prominent cardiac biomarkers in KD
diagnosis and prognosis are conflicting and do not yet
support routine use in clinical practice.

It is also important to note that cardiac biomarkers
may assist in the identification and assessment of pediat-
ric patients with multisystem inflammatory syndrome in
children (MIS-C), the novel hyperinflammatory condi-
tion with KD-like features associated with coronavirus
disease 2019 (COVID-19). Cardiovascular involvement
in patients with MIS-C has been reported as common.
Indeed, a recent US study of 185 MIS-C patients
reported 73% and 50% of patients presented with in-
creased BNP and cTn concentrations, respectively (68).
The clinical utility of these markers in the assessment of

this novel condition should continue to be evaluated as
new data emerge.

Other indications. Similar to the immune-related diseases
described above, many pathophysiological conditions
originating from other organs can ultimately lead to
cardiac distress. Thus, cardiac biomarkers have been in-
vestigated in the prognostication of various noncardiac
conditions (Fig. 3). Specifically, hypoxemia-related
myocardial dysfunction is estimated to occur in approxi-
mately 30% of neonates, with increased incidence in
preterm infants. Increases in cTns are estimated to be
useful in evaluating the severity of myocardial damage
and outcome in perinatal asphyxia (69). In addition,
myocardial stress is common in children with chronic
kidney disease (CKD). Although renal transplantation
may improve the cardiac damage associated with CKD,
it possesses its own cardiac risks requiring monitoring,.
The assessment of NT-proBNP to identify cardiac strain
in patients with compromised renal function can be
challenging, due to its physiological clearance by the
kidney. However, studies have demonstrated good
correlations between NT-proBNP concentrations and
reliable echocardiographic markers of cardiac strain, sug-
gesting it could be a useful adjunct in assessing pediatric
patients with renal insufficiency (70).

An additional application for pediatric cardiac
biomarkers is their use in monitoring cardiotoxicity in
pediatric patients after cancer treatment. Anticancer
drugs, particularly anthracyclines, can elicit cardiotoxic
effects in pediatric cancer patients and lead to irrevers-
ible cardiovascular damage, as well as cardiovascular
disease (71). BNP and NT-proBNP concentrations
have shown to be increased in childhood cancer patients
post-treatment with anthracyclines, compared to con-
centrations pretreatment or in healthy controls, suggest-
ing cardiotoxic effects (72). The risk of developing
acute, but not late-onset, anthracycline-related left ven-
tricular dysfunction has been indicated by an increase in
BNP or NT-proBNP; however, sensitivity is poor (72).
More evidence is required to determine the accuracy
of ¢Tnl and ¢TnT as a marker for cardiotoxicity and
resulting cardiac damage in children.

One final consideration of importance in the
interpretation of pediatric cardiac biomarkers is their
evaluation in musculoskeletal disorders. Increases in
cI'nT have been observed in pediatric patients with
skeletal muscle damage, including Pompe disease, with
no evidence of cardiac etiology (73). It is estimated that
cTnT is re-expressed in skeletal muscle tissue in these
cases, causing a potentially false “cardiac positive” inter-
pretation (73). It is important to take this into consider-
ation when evaluating children with musculoskeletal
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disorders and avoid unnecessary cardiac testing and
interventions (73).

Future Directions: At the Heart of the Matter

This critical review summarizes potential clinical indica-
tions for cardiac biomarkers in pediatrics, which are
predominantly ordered in adults. While the use of these
biomarkers is often discounted in pediatric practice,
current literature suggests a multitude of possible appli-
cations in both cardiac and noncardiac conditions.
However, it is important to note that the interpretation
and comparison of available literature is complicated by
the use of different analytical methodologies and study
populations. Very few studies examine both BNP and
NT-proBNP as well as ¢T'nl and ¢TnT, as most litera-
ture is retrospective and based on the assays in clinical
use at that institution. Thus, the advantages of selecting
cT'nl vs cTnT or BNP vs NT-proBNP in certain clinical
indications is difficult to ascertain. Additionally, many
studies use manufacturer-derived cut-offs, which are
based exclusively on adults, to define increases in these
biomarkers. Indeed, the assessment of these markers in
children and adolescents is complicated by physiological
changes of these markers with age or sex, necessitating
the development and use of multiple age- and/or sex-
stratified cut-off values. This is particularly true for
neonates wherein increased concentrations are physio-
logically prevalent and unique applications are possible.

Despite these interpretive limitations, current litera-
ture suggests that cardiac biomarkers have potential utility
in the diagnosis and prognosis of myocarditis, CHD, car-
diac surgery, and HF, as well as the assessment of severity
and cardiac involvement in immune-related and other sys-
temic conditions. However, the majority of data discussed
in this review reports correlations between increased car-
diac biomarkers and clinical outcome based on retrospec-
tive chart review. There is a critical evidence gap in
prospective studies demonstrating the specific functional-
ity of these biomarkers in preventing unnecessary hospital-
ization and medical intervention and/or improving time
to appropriate treatment and clinical outcome. While
these studies are challenging to complete in the pediatric
population, particularly given low patient incidence, they
are urgently needed to support evidence-based guidelines
and appropriate clinical implementation of select cardiac
biomarkers in the assessment of both cardiac and noncar-
diac conditions.

Further, in addition to knowing when to order
these tests, another important question that remains to
be answered is how often they should be ordered. In the
context of diagnosis, rising and falling values of cTn in
ED assessment of adult MI is paramount. Exactly how
this translates to pediatric practice is unclear, particularly
as underlying pathophysiological stressors causing

10 Clinical Chemistry 00:0 (2021)

increased cTn in children presenting to the ED are
vastly different from those in adults. Although some lit-
erature has suggested retesting in acute settings when ini-
tial concentrations of cT'n are not increased (20), there is
no consensus. Unlike cTn, serial measurements of BNP
or NT-proBNP to reduce hospitalizations or mortality in
the context of adult HF are not recommended due to in-
sufficient data. Unsurprisingly, the value of serial BNP or
NT-proBNP measurement in children and adolescents is
even less clear. Without this information, it is difficult to
provide guidance to clinicians on proper utilization of
these tests in pediatrics, warranting further prospective
study.

In conclusion, this review provides novel perspec-
tive and raises important considerations for the increas-
ing application of cardiac biomarkers in neonates,
children, and adolescents, highlighting a population that
is often overlooked in cardiac biomarker research. While
it is clear cardiac biomarkers have potential value in the
assessment of several conditions with cardiac and non-
cardiac etiology, additional research is urgently needed
to establish evidence-based cut-offs and usage guidelines
in different clinical contexts to optimize utilization and
standardize interpretation of cardiac biomarkers in chil-
dren and adolescents.
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