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Abstract
Every year there are more than 11000 hospitalizations 

related to heart failure in children resulting in significant 
morbidity and mortality. Over the last two decades, 
our understanding, diagnosis and management of 
pediatric heart failure is evolving but our ability to pro-
gnosticate outcomes in pediatric heart acute heart 
failure is extremely limited due to lack of data. In adult 
heart failure patients, the role of cardiac biomarkers 
has exponentially increased over the last two decades. 
Current guidelines for management of heart failure 
emphasize the role of cardiac biomarkers in diagnosis, 
management and prognostication of heart failure. It is 
also noteworthy that these biomarkers reflect important 
biological processes that also open up the possibility 
of therapeutic targets. There is however, a significant 
gap present in the pediatric population with regards to 
biomarkers in pediatric heart failure. Here, we seek to 
review available data regarding cardiac biomarkers in 
the pediatric population and also explore some of the 
emerging biomarkers from adult literature that may be 
pertinent to pediatric heart failure. 
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Core tip: Biomarkers such as BNP, ST2 are well es-
tablished in adult heart failure. Emerging data supports 
the use of some of these biomarkers for diagnosis, 
monitoring and prognostication of pediatric heart 
disease. Continued research is needed to better under-
stand these established and emerging biomarkers. 
Here, we review the available data regarding cardiac 
biomarkers in the pediatric population and also explore 
some of the emerging biomarkers from adult literature 
that may be pertinent to pediatric heart disease. 
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INTRODUCTION
Pediatric acute heart failure is now being increasingly 
recognized as an important source of healthcare 
resource utilization with 11000 to 14000 heart failure 
related hospital admissions in the United States 
every year[1,2]. Additionally, pediatric heart failure is 
associated with significant morbidity and mortality. 
Over the last two decades, our understanding, dia
gnosis and management of pediatric heart failure is 
evolving. This is especially true with regards to acute 
heart failure. However, unlike adult heart failure, 
underlying mechanisms and etiology is responsible for 
pediatric heart failure are very heterogeneous from 
simple congenital heart defects, cardiomyopathies to 
complex palliated single ventricle patients. Similar to 
the underlying etiologies, management and outcomes 
in these groups of patients are also very variable. 
However, ability to prognosticate outcomes in pediatric 
heart acute heart failure is extremely limited due to lack 
of data.

In adult patients with heart failure both related to 
ischemic and nonischemic cardiomyopathy, the role of 
cardiac biomarkers has exponentially increased over the 
last two decades.

Current American Heart Association guidelines for 
management of heart failure emphasize the role of 
cardiac biomarkers in diagnosis, management and 
prognostication of heart failure[3]. This is especially 
true for two biomarkers included in these guidelines 
viz. braintype natriuretic peptide and suppression of 
tumorigenicity2 (ST2)[3]. In addition to these there are 
several biomarkers being studied that have provided 
additive information beyond the wellestablished 
biomarkers. It is also noteworthy that these biomarkers 
reflect important biological processes that also open up 
the possibility of therapeutic targets. 

There is however, a significant gap present with 
regards to biomarkers in pediatric heart failure. Here, 
we seek to review available data regarding cardiac 
biomarkers in the pediatric population and also explore 
some of the emerging biomarkers from adult literature 
that may be pertinent to pediatric heart failure. 

B-TYPE NATRIURETIC PEPTIDE AND 
N-TERMINAL SEGMENT OF PRO-B-TYPE 
NATRIURETIC PEPTIDE
Btype natriuretic peptide (BNP) and the Nterminal 
segment of proBNP (NTProBNP) are used as essential 
parts of adult cardiologic evaluation. BNP belongs to a 
larger family of titrated peptides which have a paracrine 
role in the body. It is primarily secreted by cardiocytes 

in the form of prepropeptides. These propeptides 
are synthesized within the endoplasmic reticulum of 
the cardiac cells where they’re stored as specific atrial 
granules. These prepropeptides have a constant basal 
rate of release and play an important regulatory function 
in maintenance of salt and water homeostasis. Various 
stimuli such as myocardial stretch or stress can lead 
to a very rapid increase in the secretion of these pre
propeptides. Once released it undergoes conversion 
into pro BNP which is cleaved by serine peptidases 
into the active moiety BNP and inactive moiety NT
proBNP. Outside of the heart, kidneys and blood vessels 
are the major target organs where natriuretic peptide 
receptors types A, B and C are present. Once receptor 
bound, BNP leads to increased diuresis, natriuresis and 
vasorelaxation. On the cardiac sites, BNP has significant 
antiproliferative and antihypertrophic properties 
mediated by the same receptor[4]. Since its first descri
ption in 1970s by de Bold[5,6], natriuretic peptides have 
been extensively studied in various disease conditions 
both cardiac and noncardiac. It is one of the most 
studied biomarker for heart failure. The cumulative 
data has led to the recognition of its value in diagnosis, 
management and prognosis of heart failure by the 
current AHA/ACC heart failure guidelines[3]. 

BNP and age
BNP and NTProBNP levels vary with age especially in 
the pediatric group. Immediately after birth, BNP and 
NTProBNP are elevated and then rapidly decrease 
after the first week of life. Reasons for this physiologic 
fluctuation in the levels are unclear at this point, 
but hypotheses include removal of the placenta and 
thereby significant redistribution of blood volume to 
the heart causing a volume overload and an increase 
in the afterload at the same time. Rapid increase in 
pulmonary blood flow with lung expansion further adds 
to the stimulus. Lastly, renal immaturity may contribute 
to decreased clearance of the BNP during the first week 
of life. As a result, the BNP (and NTproBNP) levels are 
significantly elevated in newborns and drop rapidly over 
the first two weeks of life. The BNP concentrations due 
appear to hold steady until 12 years of age without any 
differences in gender. However, in the second decade of 
life, higher BNP levels were seen in girls than in boys. 
This parallels differences in the activity of the renin
angiotensinaldosterone system, renin levels (higher in 
males) as well as the influence of gonadal hormones 
in the second decade of life[710]. BNP, along with the 
biomarkers reviewed here are also summarized in Table 
1.
 
BNP and congenital heart disease 
Before delving into the diagnostic value of BNP, it is 
important to note that BNP levels are strongly method 
dependent. This is because different assays that are 
used to measure BNP use different methods and have 
varying sensitivities and specificities. The various com
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ponents of proBNP cleavage impact measurements to 
varying degree depending on the method used. Hence, 
the reference ranges change according to which method 
was used.

BNP has utility in diagnosis of congenital heart 
disease (CHD) in newborns. Cantinotti et al[11] have 
shown that while there is a rapid decline in the BNP 
levels in normal newborns within the first few days of 
life, newborns with CHD maintain significantly elevated 
levels beyond 5 d of life. This was true across the 
spectrum of various congenital heart defects except 
those leading to volume or pressure overload on the 
right heart[11]. Maher et al[12] studied infants with left
sided obstructive lesions admitted to our center. Infants 
were divided into 2 groups: Group 1 was diagnosed 
with cardiogenic/circulatory shock at presentation, and 
group 2 consisted of infants with ductaldependent 
systemic circulation without evidence of shock. In this 
group of total 122 patients, newborns with cardiogenic 
shock had a median BNP of 4100 pg/mL at presentation 
compared to a median BNP of 656 pg/mL (P < 0.001) 
for those without shock. A 100% of patients presenting 
with shock had significantly abnormal BNP values. They 
also report an incremental value of BNP such that every 
100 units rise in BNP increased the odds of cardiogenic 
shock by 100 (P < 0.001)[13]. 

A study comparing new diagnosis of CHD in an 
emergency room setting evaluated the value of BNP 
compared to patients with diagnosis of respiratory 
distress due to primary respiratory illness or infection. 
This study found that in a cohort of critically sick patients 
with a heart disease, a mean BNP value of 3290 pg/mL 
was seen in patients with heart disease when compared 
to 17.4 pg/mL for the patients with respiratory illness or 
infection[13]. Koulouri et al[14] (2004) and Cohen et al[15] 
(2005) report similar findings that plasma BNP or NT
proBNP can differentiate between cardiac or pulmonary 
etiologies for patients presenting with respiratory 
distress. 

Elevation of BNP/proBtype NP are seen due 
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to long term exposure of right heart or left heart to 
volume and pressure overload. These elevations are 
especially seen with diseases that causes left ventricular 
volume overload when compared to right ventricular 
volume or pressure overload[16]. Furthermore, when 
comparing pediatric populations with complex CHD vs 
simple cardiac defects (ASD, VSD or PDA), on average, 
complex defects tend to have higher concentrations. 
Nir et al[9] (2004) showed that patients with higher 
pressure left to right shunts (VSD, PDA) have higher 
levels of NTproBNP when compared to low pressure left 
to right shunts (ASD). BNP can be used to differentiate 
preemies with and without a patent ductus arteriosus 
(PDA) as well as potentially guide therapy. Attridge 
et al[17] showed that by using BNP, fewer doses of 
indomethacin were used for therapy of PDA. Of note, 
the pediatric heart can compensate better with pressure 
overload than volume overload and this can directly 
impact BNP secretion or level. A normal BNP reflects a 
compensated heart status but does not rule out heart 
disease. 

BNP can assist in clinical decision making especially 
when identifying populations at high risks for outcomes 
after cardiac surgery. Various studies have shown 
that postoperative BNP, lack of decrease in BNP 
postoperatively were all strongly related to poor 
hemodynamics or adverse outcomes after a cardiac 
surgery[18,19]. Bobik et al[20] evaluated the value of NT
pro BNP in patients with atrioventricular septal defects 
(AVSD) preoperatively. They found that patients with 
complete AVSD had higher levels of BNP preoperatively 
compared to partial AVSD. Additionally, NTproBNP 
levels predicted longer ICU length of stay, ventilator 
needs and inotropic support needs postoperatively[20]. 

For pediatric patients supported on mechanical 
support (ECMO), Huang et al[21] have suggested the 
utility of serial BNP monitoring before, during and 
after decannulation from ECMO. In their series, it was 
noteworthy that after coming off ECMO, BNP levels 
on the fourth day after removal of ECMO among the 

  Name of biomarker Mechanism of action Primary effect Available 
evidence

  BNP/NT-ProBNP Activates the intracellular Guanylyl cyclase-A moieties after 
binding to the NPR types A, B and C

Increases diuresis, natriuresis and 
vasorelaxation

Anti-proliferative and anti-hypertrophic 
properties

[4]

  ST2 After binding to its TL/IL-1 receptor like family, interacts with 
IL-33

Anti-proliferative and anti-hypertrophic 
properties

[3]

  CTGF Unknown Deposition of extracellullar matrix [43]
  h-FABP Participate in the uptake, intracellular metabolism and transport of 

fatty acids
Modulation of cell growth and proliferation [48]

  Pro-adrenomedullin Releasing nitric oxide from the endothelium
Inhibit nicotinic agonist-induced catecholamine secretion and 
synthesis and nicotinic agonist-induced Na+ and Ca2+ influx

Regulation of hormonal secretion
Angiogenesis proliferation

Vasodilation

[50]

  GDF-15 Unknown Deposition of extracellullar matrix [55]

Table 1  Overview of cardiac biomarkers and their physiologic actions

ST2: Suppression of tumorigenicity-2; CTGF: Connective tissue growth factor; h-FABP: Serum heart-type fatty acid-binding protein; BNP: B-type natriuretic 
peptide; NT-ProBNP: N-terminal segment of pro-B-type natriuretic peptide; GDF: Growth differentiation factor.
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effects of anthracycline exposure, correlate well with 
echocardiographic findings as well as other makers of 
cardiac dysfunction[27].

Utility of BNP in patients with heart transplantation 
is being increasing explored. Lan et al[28] (2004 showed 
that BNP was elevated early on after heart trans
plantation however, falls exponentially early on and 
reached very low levels around 3 mo posttransplant. 
Lindblade et al[29] and Rossano et al[30] showed that 
BNP was significant elevated in acute rejection and 
had sensitivities of 96% with BNP > 100 pg/mL 1 year 
after transplantation. Sparks et al[31] have documented 
reduction in BNP over the first 3 mo and showed 
correlation it with hemodynamics. Overall, it appears that 
BNP correlates well with acute episodes of rejection, 
especially when accompanied by hemodynamic 
compromise. 

Kawasaki disease is an acute febrile vasculitis 
process that may have cardiac manifestations such as 
myocarditis, pericarditis and coronary vasculitis leading 
to coronary ectasia and aneurysms. In one of the 
earlier studies to assess the utility of BNP in Kawasaki 
patients, Kurotobi et al[32] studied echocardiographic 
markers of diastolic function during acute phase of 
Kawasaki disease. They found that diastolic dysfunction 
occurs during the acute phase of the disease and BNP 
levels correlated well with the presence of significant 
diastolic dysfunction[32]. Similarly, Iwashima et al[33] 
have demonstrated the utility of BNP in identifying non
responders. They demonstrated that high level of NT
pro BNP in acute phase KD was associated with systemic 
inflammatory responses, elevated CRP, and increased 
vascular permeability. This level was particularly higher 
in immunoglobulin (IVIg) nonresponders compared to 
responders (1689.3 ± 1168.8 pg/dL vs 844.4 ± 1276.3 
pg/dL, P < 0.001)[33]. 

ST2 
ST2 receptor is a member of toll like/IL1 receptor 
family. It interacts with IL33, a cytokine synthesized by 
cardiac fibroblasts leading to a cardioprotective stress
induced signaling that produces both antihypertrophic 
and antifibrotic cell signaling. ST2 is present in a 
membrane bound and soluble form. Soluble ST2 (sST2) 
may prevent the binding of IL33 to a membranebound 
receptor version of ST2. The soluble ST2 has been shown 
to be of significant value in diagnosis and prognosis 
of heart failure. One of the key initial studies looked 
at myocyte stretch induced marked upregulation of 
myocardial ST2 gene expression[34,35]. This was followed 
by multiple, large studies which have corroborated 
the importance of ST2 in heart failure. An analysis of 
the patients enrolled in the PRIDE study showed that 
elevated ST2 levels at presentation to the emergency 
room with dyspnea was a very strong predictor of 
death at one year. This was true for both patients with 
dyspnea as well as those with acute heart failure[36]. 
In a recent study, Parikh et al[37] studied population of 

survivors (median, 498 pg/mL) were significantly lower 
than those among nonsurvivors (median, 3900 pg/mL; 
P = 0.017)[21]. 

BNP and heart failure without structural heart disease 
As mentioned above, majority of adults have heart 
failure (ischemic or nonischemic) in the setting of 
structurally normal heart. In pediatric patients dilated 
cardiomyopathy is the most dominant etiology for 
heart failure[22]. Additional forms such as restrictive, 
hypertrophic cardiomyopathies are rare but important 
causes of genetic cardiomyopathies and heart failure. 
Amongst acquired causes, myocarditis followed by 
rheumatic heart disease in certain regions of the globe 
cause acute and chronic heart failure in children. 

Although the overall incidence of these clinical con
ditions is relatively common, our understanding of BNP 
in these patients is not as robust. Mir et al[23] reported 
significantly higher NTProBNP levels in children with 
heart failure (from various etiologies) than health 
children. Ohuchi et al[24] showed that the BNP levels 
differentiated NYHA classes regardless of the underlying 
etiology. Law et al[25] in their study used two cutoff 
values to differentiate between a hemodynamically 
significant cardiologic process vs other disease process 
with a similar presentation. For neonates, a cutoff 
value of 170 pg/mL showed a sensitivity of 94% and 
a specificity of 73%. For the older age group, a cutoff 
value of 41 pg/mL produced a sensitivity of 87% and 
specificity of 70% to detect significant cardiovascular 
disease and related heart failure[25]. For patients 
presenting with acute heart failure in nonCHDs, our 
data (currently under review) indicated that mean BNP 
at presentation in this cohort is very elevated; mean of 
approximately 1700 pg/mL. In the outpatient setting for 
pediatric populations with chronic left ventricular systolic 
dysfunction, BNP values > 300 pg/mL have shown high 
sensitivity, specificity, positive and negative predictive 
value for the prediction of adverse cardiovascular 
events. Price et al[26] studied pediatric patients with 
chronic heart failure. They found that whole blood BNP 
concentrations were increased in patients who had a 
90d adverse cardiovascular event compared with those 
who did not (median, 735 pg/mL vs median, 37 pg/mL; 
P < 0.001). Patients with a BNP concentration > 300 
pg/mL were at increased risk of death, hospitalization, 
or listing for cardiac transplantation (adjusted hazard 
ratio, 63.6; P < 0.0001)[26].

BNP and other diseases (post-chemotherapy, heart 
transplantation, Kawasaki disease, cardiac surgery)
BNP can be used to predict cardiac dysfunction in a 
myriad of conditions such as postchemotherapy cancer 
patients, rejection from heart transplantation and 
Kawasaki disease. It is well known that anthracyclines 
exposure can lead to significant cardiac dysfunction. 
As such, serial measurement of BNP maybe of value to 
detect anthracycline induced cardiomyopathy. Studies 
have shown BNP to correlate with both early and late 
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levels were not statistically different between controls 
and heart failure patients[42]. However, it is noteworthy 
that only 17/114 (15%) of patients with heart failure 
were in class III or class IV heart failure. The rest of the 
patients were categorized as class I or II heart failure. 
It is therefore not surprising that majority of the levels 
were not different compared to the controls. Subgroup 
analysis of the 17 patients with class III or class IV heart 
failure is not available. Our experience with a pilot 
group of 15 pediatric heart failure patients was more 
favorable. In our patients, the ST2 levels ranged from 
14 to > 1000 ng/mL, with a mean of 229.7 ng/mL. BNP 
values ranged from 217 to 18216 pg/mL with a mean of 
4179.5 pg/mL. There was a very strong and statistically 
significant correlation between ST2 and BNP levels in 
this cohort. We could not establish correlation between 
functional status or ventricular function (ejection 
fraction) and ST2 levels probably due to a small sample 
size (unpublished data). 

This biomarker therefore warrants more studies 
in the pediatric heart failure population to establish its 
value in diagnosis and prognosis.

CONNECTIVE TISSUE GROWTH FACTOR 
/CCN2
In addition to the myocardial remodeling seen in 
heart failure, the role of extracellular matrix is being 
increasingly recognized. The ultrastructural changes 
in the extracellular matrix contribute towards both 
functional as well as structural changes that take place 
in acute and chronic heart failure. Enhanced collagenous 
deposition and fibrosis are some of the key changes in 
the extracellular matrix in CHF. Various mediators and 
matricellular proteins in the extracellular matrix are 
being increasingly looked at as biomarkers for heart 
failure. Connective tissue growth factor (CTGF) is one 
such matricellular protein that is involved in pathologic 
process of fibrosis in addition to other physiologic 
conditions such as endochondral ossification, vascular 
growth, cellular growth. Recently CTGF plasma levels 
have been investigated in patients with chronic and 
acute heart failure[43]. Koitabashi et al[44] studied 
CTGF levels along with other cardiac biomarkers as 
well as markers of fibrosis in 52 patients with chronic 
heart failure. In this study plasma CTGF levels were 
significantly elevated in patients with symptomatic 
heart failure and strongly correlated with plasma BNP, 
TGF beta, matrix metalloproteinase levels. Plasma CTGF 
levels also correlated with E/E’ ratio[44]. 

Behnes et al[45] studied CTGF levels in 212 patients 
enrolled in the Mannheim NTproBNP study including 
66 patients with acute heart failure. This study showed 
that CTGF levels were significantly elevated (median 
93.3 pg/mL) in patients with heart failure with reduced 
ejection fraction as well as in patients with acute heart 
failure (median 77.3 pg/mL) when compared to those 
with normal heart function (median 25.9 pg/mL). In 

communitydwelling older individuals enrolled in the 
Cardiovascular Health Study. They found that soluble 
ST2 levels were significantly associated with incident 
heart failure, cardiovascular death and that greater 
ST2 level was continuously associated with increasing 
hazard for cardiovascular death[37]. Various studies have 
documented the incremental value of addition of ST2 
to preexisting predictive models of heart failure[37,38]. 
Accumulation of these data have led the ACC/AHA 
guidelines to recommend ST2 measurement for additive 
risk stratification in patients with acute or chronic 
ambulatory heart failure[3]. Normal concentration of ST2 
in adults is less than 18 ng/mL, with a level greater than 
35 ng/mL generally accepted as a predictor of morbidity 
and mortality. 

Data regarding pediatric application of ST2 is 
extremely limited. Meeusen et al[39] evaluated healthy 
children between 217 years of age and measured their 
soluble ST2 levels using the Presage ST2 quantitative 
assay (Critical Diagnostics, San Diego, CA, United 
States). The median value for the entire cohort was 
21 ng/mL (range: 6 to 122 ng/mL). They found that 
the ST2 levels normally increase with age, was slightly 
higher in males and that the central 95th percentile 
reference interval was 950 ng/mL[39]. 

Mathews et al[40] report analysis of patients with 
heart transplantation and small bowel transplantation 
and present relationship between soluble ST2 and 
episodes of rejection. ST2 levels are significantly 
elevated at the time of acute rejection (cellular and 
or antibody mediated) in pediatric heart transplant 
patients. During an episode of biopsy proven rejection, 
serum sST2 was elevated compared to rejectionfree 
time points (1714 ± 329 pg/mL vs 546.5 ± 141.6 
pg/mL; P = 0.0002). The authors found that, a level of 
> 600 pg/mL could discriminate time points of acute 
rejection and nonrejection [area under the curve (AUC) 
= 0.724 ± 0.053; P = 0.0003][40]. Additive value of ST2 
as a marker for rejection needs to be validated. 

In pediatric patients with idiopathic or primary 
pulmonary hypertension, Chida et al[41] studied the 
utility of ST2, BNP and other cardiac biomarkers. They 
report finding to statistically significant relationship 
between ST2 levels and functional class in these 
patients. Additionally, ST2 levels along with BNP levels 
were predictive of poor outcomes. On AUC analysis, a 
cutoff value of 11.1 ng/mL was identified for mortality 
prediction, with an AUC of 0.830. The authors conclude 
that ST2 and BNP levels correlate with clinical status 
and our predictive of outcome in pediatric patients with 
pulmonary hypertension[41].

To date, there has been only one published study 
looking at the utility of ST2 in pediatric heart failure. 
Hauser et al[42] evaluated 114 patients (and 89 controls) 
with heart failure due to various etiologies, analyzed 
for different biomarkers along with BNP for diagnostic 
utility. In this study, MRproANP was the only novel 
biomarker that performed in a comparable manner 
to BNP as far as diagnostic utility was concern. ST 2 
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could be of additive value[51]. 
Due to the implication of fluid distribution and 

vasodilatory properties, this biomarker has been used to 
predict response to treatment in patients with postural 
orthostatic tachycardia syndrome (POTS). Zhang et 
al[52] have shown that the levels of midregionproADM 
are elevated in patients with POTS and that midodrine 
responsive patients had higher levels compared to non
responders. ROC analysis showed that a cutoff value 
for MRproADM of 61.5 pg/mL produced both high 
sensitivity (100%) and specificity (71.6%) in predicting 
the efficacy of midodrine hydrochloride therapy for 
treating POTS[52]. 

GROWTH DIFFERENTIATION FACTOR
Growth differentiation factor (GDF15) is a member 
of the TGFB cytokine family that is implicated in the 
stress response. Unlike hFABP that is expressed by 
the myocardium, GDF15 is not. However, GDF15 
expression is induced in the heart in response to inflam
mation, tissues injury, ischemia, pressure overload. It 
is known that GDF15 is elevated in the setting of left 
ventricular overload but may also be in response to 
right ventricular pressure changes as seen in pulmonary 
embolism. Kempf et al[53] found that GDF15 can provide 
prognostic information in patients with heart failure. 
They found that GDF15 was significantly increased 
in these patients. They however, concluded that since 
GDF15 is nonspecific for cardiac myocytes and is 
involved in stress overload pathways, GDF15 would 
need to be compared to specific cardiac makers to 
get a complete prognostic assessment[53,54]. Raedle
Hurst et al[55] found that GDF15 levels are significantly 
associated with NYHA functional class and heart function 
of patients after completing the Fontan procedure for 
single ventricle. Since Fontan physiology is not a good 
model of pressure overload on the single ventricle, they 
found that NTproBNP failed to be directly related to the 
echocardiographic measures of heart function. They 
concluded that GDF15 is an early marker of decreased 
heart function in this cohort while NTproBNP appear 
to be late markers when clinical heart failure is already 
present. They used a cutoff of > 613 pg/mL to suggest 
further cardiac evaluation may be indicated to assess 
for impaired ventricular function[55]. A recent meta
analysis has found that increased levels of GDF15 were 
associated with increased mortality in patients with 
heart failure (HR of 1.86, 95%CI: 1.372.52), although 
cautions about heterogeneity in the studies as well as 
potential publication bias[56]. Overall, it appears that 
GDF15 studies focused on specific pediatric patient 
populations (volume load, pressure load) may clarify its 
role in diagnosis and prognosis of pediatric heart failure. 

CONCLUSION
As our understanding of the pathobiology of heart 

addition, CTGF significantly improved the diagnostic 
capacity of NT proBNP for acute heart failure. There 
is limited data in pediatric heart failure[45]. Li et al[46] 
studied CTGF and BNP levels in 61 children including 41 
with heart failure. They report that CTGF levels were 
significantly increased in patients with heart failure 
and that the levels correlated with the severity of heart 
failure. Addition of CTGF levels to NTproBNP levels also 
improved ability to diagnose heart failure in children[46]. 
The same group has also shown significant correlation 
of CTGF levels with pulmonary arterial hypertension 
associated with CHD in children[47].

SERUM HEART-TYPE FATTY 
ACID-BINDING PROTEIN 
The serum hearttype fatty acidbinding protein 
(hFABP) is an intracellular transport protein mainly 
involved in transport of fatty acids. When compared to 
skeletal muscle, it is highly expressed (about 10 ×) in 
cardiac muscle. HFABP has a very strong specificity 
for diagnosing myocardial injury since it has a small 
size and so rapidly appears in the blood stream and no 
isotype mismatch between different types of FABP. Sun 
et al[48] showed both hFABP and BNP concentrations 
have good correlation with the degree of heart failure 
in patients with CHF. In their study, they also evaluated 
the effects of therapy with carvedilol and found that 
initiation of carvedilol was associated with decrease in 
hFABP and BNP levels. They concluded that hFABP 
can be used as biomarkers to evaluate the severity 
of heart failure in children[48]. In a different study, the 
group has also demonstrated the utility of hFABP as a 
marker of cardiac involvement in patients with Kawasaki 
disease[49]. 
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is a complex multifactorial process and since there is 
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Gegenhuber et al[50] found that ADM was found to be 
elevated and comparable to BNP in patients with acute 
decompensated heart failure. They also found that 
high concentrations of ADM predicted 1year allcause 
mortality[50]. Furthermore, ADM may not only be used 
to evaluate the severity of HF but also a prognostic 
indicator of this syndrome. In a study by Khan et al[51] 
looking at the value of proADM in heart failure patients 
postmyocardial infarction, they found that proADM was 
an excellent predictor of mortality. Additionally, proADM 
provided further risk stratification in those patients who 
had NTproBNP levels above the median and therefore 
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disease evolves we continue to identify important 
biomarkers responsible for the same. These biomarkers 
are indicative of the cascade of events resulting in 
various forms of heart failure and heart disease. 
Elucidation of these processes is extremely important 
as they have the potential to identify new therapeutic 
targets. Specifically, biomarkers therefore play a vital 
role in diagnosis, management and prognosis of heart 
failure. Of all the biomarkers reviewed, BNP continues 
to be the dominant biomarker even in pediatric heart 
failure. Our understanding of the role of these novel 
biomarkers, some of which have already established 
a role in adult heart failure, will improve with further 
research. There is therefore an intermediate and an 
urgent need for undertaking biomarkers research in 
pediatric heart failure to enable us to improve care of 
these patients.

REFERENCES
1 Rossano JW, Kim JJ, Decker JA, Price JF, Zafar F, Graves DE, 

Morales DL, Heinle JS, Bozkurt B, Towbin JA, Denfield SW, 
Dreyer WJ, Jefferies JL. Prevalence, morbidity, and mortality of 
heart failure-related hospitalizations in children in the United States: 
a population-based study. J Card Fail 2012; 18: 459-470 [PMID: 
22633303 DOI: 10.1016/j.cardfail.2012.03.001]

2 Nandi D, Lin KY, O’Connor MJ, Elci OU, Kim JJ, Decker JA, 
Price JF, Zafar F, Morales DL, Denfield SW, Dreyer WJ, Jefferies 
JL, Rossano JW. Hospital Charges for Pediatric Heart Failure-
Related Hospitalizations from 2000 to 2009. Pediatr Cardiol 2016; 
37: 512-518 [PMID: 26645995 DOI: 10.1007/s00246-015-1308-0]

3 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Drazner 
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson 
MR, Kasper EK, Levy WC, Masoudi FA, McBride PE, McMurray 
JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson LW, 
Tang WH, Tsai EJ, Wilkoff BL. 2013 ACCF/AHA guideline for 
the management of heart failure: a report of the American College 
of Cardiology Foundation/American Heart Association Task Force 
on practice guidelines. Circulation 2013; 128: e240-e327 [PMID: 
23741058 DOI: 10.1161/CIR.0b013e31829e8807]

4 Rubattu S, Sciarretta S, Valenti V, Stanzione R, Volpe M. Natriure-
tic peptides: an update on bioactivity, potential therapeutic use, and 
implication in cardiovascular diseases. Am J Hypertens 2008; 21: 
733-741 [PMID: 18464748 DOI: 10.1038/ajh.2008.174]

5 De Bold AJ. Heart atria granularity effects of changes in water-
electrolyte balance. Proc Soc Exp Biol Med 1979; 161: 508-511 
[PMID: 482282 DOI: 10.3181/00379727-161-40584]

6 De Bold AJ. On the shoulders of giants: the discovery of atrial 
natriuretic factor. Can J Physiol Pharmacol 1987; 65: 2007-2012 
[PMID: 2962706 DOI: 10.1139/y87-314]

7 Koch A, Singer H. Normal values of B type natriuretic peptide in 
infants, children, and adolescents. Heart 2003; 89: 875-878 [PMID: 
12860862 DOI: 10.1136/heart.89.8.875]

8 Mir TS, Laux R, Hellwege HH, Liedke B, Heinze C, von Buelow 
H, Läer S, Weil J. Plasma concentrations of aminoterminal pro 
atrial natriuretic peptide and aminoterminal pro brain natriuretic 
peptide in healthy neonates: marked and rapid increase after birth. 
Pediatrics 2003; 112: 896-899 [PMID: 14523183 DOI: 10.1542/
peds.112.4.896]

9 Nir A, Bar-Oz B, Perles Z, Brooks R, Korach A, Rein AJ. N-terminal 
pro-B-type natriuretic peptide: reference plasma levels from birth 
to adolescence. Elevated levels at birth and in infants and children 
with heart diseases. Acta Paediatr 2004; 93: 603-607 [PMID: 
15174780 DOI: 10.1111/j.1651-2227.2004.tb02984.x]

10 Cantinotti M, Storti S, Parri MS, Prontera C, Murzi B, Clerico A. 
Reference intervals for brain natriuretic peptide in healthy newborns 

Fernandes BA et al . Cardiac biomarkers in pediatrics



726 December 26, 2016|Volume 8|Issue 12|WJC|www.wjgnet.com

[PMID: 26277636 DOI: 10.1016/j.clinbiochem.2015.08.007]
40 Mathews LR, Lott JM, Isse K, Lesniak A, Landsittel D, Demetris 

AJ, Sun Y, Mercer DF, Webber SA, Zeevi A, Fischer RT, Feingold B, 
Turnquist HR. Elevated ST2 Distinguishes Incidences of Pediatric 
Heart and Small Bowel Transplant Rejection. Am J Transplant 
2016; 16: 938-950 [PMID: 26663613 DOI: 10.1111/ajt.13542]

41 Chida A, Sato H, Shintani M, Nakayama T, Kawamura Y, Furutani 
Y, Inai K, Saji T, Matsuoka R, Nonoyama S, Nakanishi T. Soluble 
ST2 and N-terminal pro-brain natriuretic peptide combination. 
Useful biomarker for predicting outcome of childhoodpulmonary 
arterial hypertension. Circ J 2014; 78: 436-442 [PMID: 24304538 
DOI: 10.1253/circj.CJ-13-1033]

42 Hauser JA, Demyanets S, Rusai K, Goritschan C, Weber M, 
Panesar D, Rindler L, Taylor AM, Marculescu R, Burch M, Wojta 
J, Michel-Behnke I. Diagnostic performance and reference values 
of novel biomarkers of paediatric heart failure. Heart 2016; 102: 
1633-1639 [PMID: 27220692 DOI: 10.1136/heartjnl-2016-309460]

43 Koitabashi N, Arai M, Kogure S, Niwano K, Watanabe A, Aoki 
Y, Maeno T, Nishida T, Kubota S, Takigawa M, Kurabayashi 
M. Increased connective tissue growth factor relative to brain 
natriuretic peptide as a determinant of myocardial fibrosis. Hyper
tension 2007; 49: 1120-1127 [PMID: 17372041 DOI: 10.1161/
HYPERTENSIONAHA.106.077537]

44 Koitabashi N, Arai M, Niwano K, Watanabe A, Endoh M, Suguta 
M, Yokoyama T, Tada H, Toyama T, Adachi H, Naito S, Oshima 
S, Nishida T, Kubota S, Takigawa M, Kurabayashi M. Plasma 
connective tissue growth factor is a novel potential biomarker of 
cardiac dysfunction in patients with chronic heart failure. Eur J 
Heart Fail 2008; 10: 373-379 [PMID: 18337169 DOI: 10.1016/
j.ejheart.2008.02.011]

45 Behnes M, Brueckmann M, Lang S, Weiß C, Ahmad-Nejad 
P, Neumaier M, Borggrefe M, Hoffmann U. Connective tissue 
growth factor (CTGF/CCN2): diagnostic and prognostic value in 
acute heart failure. Clin Res Cardiol 2014; 103: 107-116 [PMID: 
24146089 DOI: 10.1007/s00392-013-0626-6]

46 Li G, Song X, Xia J, Li J, Jia P, Chen P, Zhao J, Liu B. The diagnostic 
value of plasma N-terminal connective tissue growth factor levels in 
children with heart failure. Cardiol Young 2016 Mar 16; Epub ahead 
of print [PMID: 26979242 DOI: 10.1017/S1047951116000196]

47 Li G, Tang L, Jia P, Zhao J, Liu D, Liu B. Elevated Plasma Connective 
Tissue Growth Factor Levels in Children with Pulmonary Arterial 
Hypertension Associated with Congenital Heart Disease. Pediatr 
Cardiol 2016; 37: 714-721 [PMID: 26714814 DOI: 10.1007/s00246-
015-1335-x]

48 Sun YP, Wang WD, Ma SC, Wang LY, Qiao LY, Zhang LP. 
Changes of heart-type fatty acid-binding protein in children with 
chronic heart failure and its significance. Zhongguo Dangdai Erke 
Zazhi 2013; 15: 99-101 [PMID: 23428121]

49 Sun YP, Wang WD, Wang JJ, Wang LY. Levels of serum heart-type 
fatty acid-binding protein and its clinical significance in children 
with Kawasaki disease. Zhongguo Dangdai Erke Zazhi 2008; 10: 
136-138 [PMID: 18433529]

50 Gegenhuber A, Struck J, Dieplinger B, Poelz W, Pacher R, 
Morgenthaler NG, Bergmann A, Haltmayer M, Mueller T. 
Comparative evaluation of B-type natriuretic peptide, mid-regional 
pro-A-type natriuretic peptide, mid-regional pro-adrenomedullin, and 
Copeptin to predict 1-year mortality in patients with acute destabilized 
heart failure. J Card Fail 2007; 13: 42-49 [PMID: 17339002 DOI: 
10.1016/j.cardfail.2006.09.004]

51 Khan SQ, O’Brien RJ, Struck J, Quinn P, Morgenthaler N, Squire 
I, Davies J, Bergmann A, Ng LL. Prognostic value of midregional 
pro-adrenomedullin in patients with acute myocardial infarction: 
the LAMP (Leicester Acute Myocardial Infarction Peptide) study. 
J Am Coll Cardiol 2007; 49: 1525-1532 [PMID: 17418290 DOI: 
10.1016/j.jacc.2006.12.038]

52 Zhang F, Li X, Ochs T, Chen L, Liao Y, Tang C, Jin H, Du J. 
Midregional pro-adrenomedullin as a predictor for therapeutic 
response to midodrine hydrochloride in children with postural 
orthostatic tachycardia syndrome. J Am Coll Cardiol 2012; 60: 
315-320 [PMID: 22813609 DOI: 10.1016/j.jacc.2012.04.025]

53 Kempf T, von Haehling S, Peter T, Allhoff T, Cicoira M, Doehner 

Study. J Am Coll Cardiol 2009; 54: 1467-1475 [PMID: 19796740 
DOI: 10.1016/j.jacc.2009.06.020]

26 Price JF, Thomas AK, Grenier M, Eidem BW, O’Brian Smith E, 
Denfield SW, Towbin JA, Dreyer WJ. B-type natriuretic peptide 
predicts adverse cardiovascular events in pediatric outpatients with 
chronic left ventricular systolic dysfunction. Circulation 2006; 
114: 1063-1069 [PMID: 16940194 DOI: 10.1161/CIRCULA-
TIONAHA.105.608869]

27 Bryant J, Picot J, Baxter L, Levitt G, Sullivan I, Clegg A. Use of 
cardiac markers to assess the toxic effects of anthracyclines given to 
children with cancer: a systematic review. Eur J Cancer 2007; 43: 
1959-1966 [PMID: 17689066 DOI: 10.1016/j.ejca.2007.06.012]

28 Lan YT, Chang RK, Alejos JC, Burch C, Wetzel GT. B-type 
natriuretic peptide in children after cardiac transplantation. J Heart 
Lung Transplant 2004; 23: 558-563 [PMID: 15135371 DOI: 10.1016/
S1053-2498(03)00306-1]

29 Lindblade CL, Chun DS, Darragh RK, Caldwell RL, Murphy DJ, 
Schamberger MS. Value of plasma B-type natriuretic peptide as 
a marker for rejection in pediatric heart transplant recipients. Am 
J Cardiol 2005; 95: 909-911 [PMID: 15781032 DOI: 10.1016/
j.amjcard.2004.11.054]

30 Rossano JW, Denfield SW, Kim JJ, Price JF, Jefferies JL, 
Decker JA, Smith EO, Clunie SK, Towbin JA, Dreyer WJ. B-type 
natriuretic peptide is a sensitive screening test for acute rejection in 
pediatric heart transplant patients. J Heart Lung Transplant 2008; 
27: 649-654 [PMID: 18503965 DOI: 10.1016/j.healun.2008.03.008]

31 Sparks JD, Boston U, Eghtesady P, Canter CE. B-type natriuretic 
peptide trends after pediatric heart transplantation. Pediatr 
Transplant 2014; 18: 477-484 [PMID: 24922348 DOI: 10.1111/
petr.12288]

32 Kurotobi S, Kawakami N, Shimizu K, Aoki H, Nasuno S, Takahashi 
K, Kogaki S, Ozono K. Brain natriuretic peptide as a hormonal marker 
of ventricular diastolic dysfunction in children with Kawasaki disease. 
Pediatr Cardiol 2005; 26: 425-430 [PMID: 15633045 DOI: 10.1007/
s00246-004-0812-4]

33 Iwashima S, Ishikawa T. B-type natriuretic peptide and N-terminal 
pro-BNP in the acute phase of Kawasaki disease. World J 
Pediatr 2013; 9: 239-244 [PMID: 23335186 DOI: 10.1007/
s12519-013-0402-8]

34 Weinberg EO, Shimpo M, De Keulenaer GW, MacGillivray 
C, Tominaga S, Solomon SD, Rouleau JL, Lee RT. Expression 
and regulation of ST2, an interleukin-1 receptor family member, 
in cardiomyocytes and myocardial infarction. Circulation 
2002; 106: 2961-2966 [PMID: 12460879 DOI: 10.1161/01.
CIR.0000038705.69871.D9]

35 Weinberg EO, Shimpo M, Hurwitz S, Tominaga S, Rouleau JL, 
Lee RT. Identification of serum soluble ST2 receptor as a novel 
heart failure biomarker. Circulation 2003; 107: 721-726 [PMID: 
12578875 DOI: 10.1161/01.CIR.0000047274.66749.FE]

36 Januzzi JL, Peacock WF, Maisel AS, Chae CU, Jesse RL, Baggish 
AL, O’Donoghue M, Sakhuja R, Chen AA, van Kimmenade RR, 
Lewandrowski KB, Lloyd-Jones DM, Wu AH. Measurement of 
the interleukin family member ST2 in patients with acute dyspnea: 
results from the PRIDE (Pro-Brain Natriuretic Peptide Investigation 
of Dyspnea in the Emergency Department) study. J Am Coll 
Cardiol 2007; 50: 607-613 [PMID: 17692745 DOI: 10.1016/
j.jacc.2007.05.014]

37 Parikh RH, Seliger SL, Christenson R, Gottdiener JS, Psaty 
BM, deFilippi CR. Soluble ST2 for Prediction of Heart Failure 
and Cardiovascular Death in an Elderly, Community-Dwelling 
Population. J Am Heart Assoc 2016; 5: pii: e003188 [PMID: 
27481133 DOI: 10.1161/JAHA.115.003188]

38 Dupuy AM, Curinier C, Kuster N, Huet F, Leclercq F, Davy JM, 
Cristol JP, Roubille F. Multi-Marker Strategy in Heart Failure: 
Combination of ST2 and CRP Predicts Poor Outcome. PLoS One 
2016; 11: e0157159 [PMID: 27311068 DOI: 10.1371/journal.
pone.0157159]

39 Meeusen JW, Johnson JN, Gray A, Wendt P, Jefferies JL, Jaffe AS, 
Donato LJ, Saenger AK. Soluble ST2 and galectin-3 in pediatric 
patients without heart failure. Clin Biochem 2015; 48: 1337-1340 

Fernandes BA et al . Cardiac biomarkers in pediatrics



727 December 26, 2016|Volume 8|Issue 12|WJC|www.wjgnet.com

Herrmann E, Abdul-Khaliq H. Growth differentiation factor 15--an 
early marker of abnormal function of the Fontan circuit in patients 
with univentricular hearts. Am Heart J 2010; 160: 1105-1112 [PMID: 
21146665 DOI: 10.1016/j.ahj.2010.08.033]

56 Zeng X, Li L, Wen H, Bi Q. Growth-differentiation factor 15 as a 
predictor of mortality in patients with heart failure: a meta-analysis. 
J Cardiovasc Med (Hagerstown) 2016 Jul 22; Epub ahead of print 
[PMID: 27454651 DOI: 10.2459/JCM.0000000000000412]

P- Reviewer: Ng TMH, Ong HT, Wang Y    S- Editor: Ji FF    
L- Editor: A    E- Editor: Wu HL

W, Ponikowski P, Filippatos GS, Rozentryt P, Drexler H, Anker SD, 
Wollert KC. Prognostic utility of growth differentiation factor-15 
in patients with chronic heart failure. J Am Coll Cardiol 2007; 50: 
1054-1060 [PMID: 17825714 DOI: 10.1016/j.jacc.2007.04.091]

54 Kempf T, Wollert KC. Growth-differentiation factor-15 in heart 
failure. Heart Fail Clin 2009; 5: 537-547 [PMID: 19631178 DOI: 
10.1016/j.hfc.2009.04.006]

55 Raedle-Hurst TM, Koenigstein K, Gruenhage F, Raedle J, 

Fernandes BA et al . Cardiac biomarkers in pediatrics



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	719
	WJCv8i12-Back Cover

