ISSN Online: 3007-1941 ISSN Print: 3007-1933

https://msra.online/index.php/Journal/about

Multidisciplinary Surgical Research Annals

https://msra.online/index.php/Journal/about

Volume 4, Issue 1(2026)

Role of Biomarkers in the Early Detection of Heart Failure in Children

i*, Anesh Kumar>, Sham Lal’

Article Details ABSTRACT
Keywords: Biomarker, Heart Failure, Pediatric heart failure (HF) remains a major cause of morbidity and
Pediatrics, Early Detection mortality and often presents with nonspecific clinical manifestations,
making timely diagnosis and management challenging. Early
Dos Muhammad detection is critical to prevent irreversible myocardial damage and to

Institute of Microbiology, Shah Abdul initiate appropriate therapeutic interventions. In recent years, the
Latif University, Khairpur, Sindh, jdentification and validation of cardiac biomarkers have significantly

Pakistan advanced the diagnosis and prognostic evaluation of pediatric heart
_ failure. This study aims to provide a comprehensive overview of key
Asghar Ali Soomro biomarkers used for the early detection and monitoring of heart failure

Institute of Microbiology, Shah Abdul in children. An extensive review of recent literature was conducted to
Latif University, Khairpur, Sindh, evaluate diagnostic, prognostic, and inflammatory biomarkers

Pakistan associated with pediatric HF. Established biomarkers such as
natriuretic peptides, including B-type natriuretic peptide (BNP) and
Lutufullah Bhayo N-terminal proBNP (NT-proBNP), along with cardiac troponins (cTnl

Institute of Microbiology, Shah Abdul and cTnT), demonstrate strong diagnostic and prognostic value by
Latif University, Khairpur, Sindh, reflecting myocardial stress and injury. Emerging biomarkers,

Pakistan including Galectin-3, Growth Differentiation Factor-15 (GDF-15),
_ and myeloperoxidase (MPQO), provide additional insights into
Adnan Ali underlying pathophysiological mechanisms such as inflammation,

Institute of Microbiology, Shah Abdul oxidative stress, and myocardial fibrosis. The combined use of
Latif University, Khairpur, Sindh, multiple biomarkers enhances diagnostic sensitivity and supports

Pakistan effective therapy monitoring. Incorporating biomarker profiling into
clinical practice improves early diagnosis, risk stratification, and
Anesh Kumar treatment monitoring in pediatric heart failure. Future research should
Jinnah  Sindh  Medical University, focus on integrating biomarker data with advanced imaging
Karachi modalities and machine learning approaches to improve diagnostic
. accuracy and facilitate personalized treatment strategies for children

Sham Lal with heart failure.

Institute of Microbiology, Shah Abdul
Latif University, Khairpur, Sindh,
Pakistan Email: shamlal@salu.edu.pk

307



Multidisciplinary Surgical Research Annals

https://msra.online/index.php/Journal/about

Volume 4, Issue 1(2026)

INTRODUCTION:

Heart failure (HF) in children is a complex clinical syndrome characterized by the inability of the heart to
meet the metabolic demands of the growing body (Lee et al., 2025). Pediatric heart failure remains a
significant cause of morbidity, mortality, and prolonged hospitalization among children with congenital or
acquired cardiac conditions (Burstein et al., 2019). Unlike adults, heart failure in children arises more
commonly from congenital structural abnormalities, cardiomyopathies, or post-infectious myocardial injury,
resulting in distinct pathophysiological mechanisms (Shaddy et al., 2018). Early detection of pediatric heart
failure is crucial, as timely therapeutic intervention can improve clinical outcomes and prevent irreversible
myocardial damage. However, early diagnosis remains challenging because clinical manifestations in
pediatric patients such as fatigue, feeding difficulties, and tachypnea are often nonspecific and may overlap
with symptoms of other childhood illnesses (El Radhi, 2023).

HF biomarkers play a particularly important role in pediatric populations by enabling early detection and
risk stratification in children with systemic illnesses and an increased risk of cardiac dysfunction
(Castiglione et al., 2022). An ideal biomarker should possess high sensitivity and specificity, allow
simultaneous analysis of multiple samples, provide rapid results, be cost-effective, and offer potential
therapeutic relevance (Ahmad et al., 2023). Biomarkers reflecting myocardial stress, injury, and remodeling
include B-type natriuretic peptide (BNP), N-terminal pro-B-type natriuretic peptide (NT-proBNP), cardiac
troponins (cTnl), and growth differentiation factor-15 (GDF-15). These circulating biomarkers have
demonstrated promising diagnostic and prognostic utility in both acute and chronic pediatric heart failure.
Elevated levels of natriuretic peptides, for instance, are strongly associated with adverse clinical outcomes,
reduced ejection fraction, and increased ventricular wall stress (Castiglione et al., 2022).

Recent studies have identified novel biomarkers, including galectin-2, soluble ST2 (sST2), high-sensitivity
C-reactive protein (hsCRP), and microRNAs, which reflect inflammatory, fibrotic, and molecular
remodeling processes involved in cardiac and hepatic dysfunction. Despite these advances, no widely
accepted biomarker panel or validated cutoff values specifically tailored for pediatric populations are
currently available (Lim et al., 2023). Interpretation of biomarker levels in children is further complicated
by physiological and clinical factors such as growth, age, renal function, and coexisting illnesses,
underscoring the need for age-specific reference ranges and standardized diagnostic protocols (Van Donge
etal., 2019).

Causes of Heart Failure in Infants and Children
HF in children can be divided into two groups. Over-circulation failure and pump failure.

Over Circulation Failure

Over-circulation refers to conditions that lead to volume overload of the cardiac chambers, in which left
ventricular (LV) function is typically preserved or may even be hypercontractile. Pulmonary venous or
arterial hypertension may be present to a variable degree (Jayaprasad, 2016). Conditions associated with
increased pulmonary blood flow are Left to right shunts like ventricular septal defects, patent ductus
arteriosus, aortopulmonary window, and atrioventricular defect Admixture lesions like total anomalous
pulmonary venous connection, truncus arteriosus and single ventricle. Parallel circulation in transposition of
arteries Conditions causing increased cardiac output Anemia, systemic arteriovenous fistula, and beriberi
(Rao, 2019).

Pump Failure

Pulmonary venous or arterial hypertension may be present to a variable degree. Causes of pump failure
include both congenital and acquired conditions (Jone et al., 2023). LV or systemic ventricle function is
abnormal and most patients have pulmonary venous hypertension in that group. The causes of pediatric
heart failure can be grouped into several categories, including congenital, inflammatory, cardiomyopathy
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and other specific conditions. Congenital causes involve structural heart defects that obstruct normal blood
flow, such as left ventricular outflow tract obstruction (aortic stenosis), coarctation of the aorta, right
ventricular outflow tract obstruction in pulmonary stenosis, and abnormal origin of the left coronary artery
from the pulmonary artery. Ventricular dysfunction may also occur following surgical correction of
congenital heart defects. Inflammatory causes include infections or inflammation of the heart muscle, such
as viral myocarditis, HIV-related cardiomyopathy, and Chagas disease. Dilated cardiomyopathies arise from
idiopathic, familial, neuromuscular, or metabolic origins, leading to enlargement and weakening of the heart
chambers (Simpson and Miller, 2021).

Diagnostic Methods

Diagnostic methods are employed to identify the underlying causes and evaluate the severity of cardiac
dysfunction in children. Diagnosis involves multiple modalities, including electrocardiography,
echocardiography, chest radiography, cardiac magnetic resonance imaging (MRI), artificial intelligence—
based tools, and the assessment of cardiac biomarkers. These diagnostic approaches are illustrated in Figure
1.

Electro-
cardiography

Chest Echo-
radiography cardiograpgy

Diagnostic
methods

Artifcial
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Machine
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Cardiac MRI
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Figure 1. Diagnostic methods for the detection of heart failure in children

Electrocardiography

Children's ECG characteristics might vary and include atrioventricular conduction delays, low voltage QRS
complexes in the limb leads, sinus tachycardia, nonspecific ST-T-wave alterations, T-wave inversion, and
ST-segment elevation. The ST-segment alterations may indicate a diffuse or clearly defined coronary
distribution pattern of myocardial damage or infarction. Pathologic Q waves can appear with time and
cardiac injury; in one investigation, PCR was used to specifically diagnose parvovirus B19 myocarditis.
Additionally, ST-segment elevation and PR depression may indicate the presence of pericarditis (Das and
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Zipes, 2021). The presenting symptoms may include atrioventricular block, supraventricular tachycardias,
ventricular tachycardia and fibrillation, and atrial fibrillation or flutter. When a patient with new-onset third-
degree heart block, myocarditis should always be ruled out (Beijnink et al., 2021).

Echocardiography

In order to rule out any structural illness, transthoracic echocardiography is recommended in all pediatric
heart failure situations. For comparisons in the future, baseline echocardiogram will be necessary. The
current definition of LV systolic dysfunction in children is an ejection fraction (EF) of less than 55%.
Additionally, echocardiography is helpful for screening individuals with neuromuscular problems, storage
disorders, cancer patients receiving anthracycline chemotherapy, etc. First-degree relatives of patients with
different hereditary types of cardiomyopathy must undergo periodic echocardiographic examination. For HF
patients, periodic echocardiography follow-up is helpful for tracking the course of the disease and
evaluating the effectiveness of treatment (Jayaprasad, 2016).

Chest Radiography

In order to determine the size of the heart and to look for further indicators of heart failure, such as
pulmonary oedema, septal lines (also known as Kerley B lines), and pleural effusions, chest radiography is
recommended for all children with suspected heart failure (Siwik et al., 2023). Children and teenagers
experiencing severe chest pain are frequently examined with chest radiography. Chest radiography was
performed on 35.6-72.0% of pediatric patients with chest discomfort in earlier investigations.
Pneumonia/bronchitis, pneumomediastinum, pneumothorax, pneumopericardium, and cardiomegaly were
common positive findings on chest radiography. Nevertheless, chest radiography's sensitivity was only
11.0-17.2% (Pissara et al., 2022).

Cardiac Magnetic Resonance Imaging

Cardiac magnetic resonance is recommended for the research of complex CHDs or for tissue
characterisation. As a result, it can be used for diagnosis, risk assessment, and continued treatment of
individuals with particular types of cardiomyopathies (Mitchel et al., 2016). Relatively recent mapping
sequences still need histologic validation, despite the fact that cardiac MRI-defined myocardial infarction
parameters including infarct size, oedema, microvascular damage, and replacement fibrosis have solid
histologic evidence (Beijnink et al., 2021).

Role of Artificial Intelligence and Machine Learning

The evolution in cardiovascular diseases requires advancements in the treatment and diagnostic techniques,
thus Al is now being rapidly incorporated in the field of cardiovascular medicine. Al has the potential to
revolutionize the medical diagnosis, treatment, risk prediction, clinical care, and drug discovery through the
interpretation of vast databases more efficiently as compared to the human brain (Yasmin et al., 2021).
Machine learning methods can handle temporal, large-volume, and multi-modality data e.g., sound,
language, tabular electronic health record (EHR), imaging, and metabolomic data (Averbuch et al., 2022).

Biomarkers

Biomarkers are measurable indicators of disease, biological processes, or therapeutic response, providing
crucial information for the early diagnosis, monitoring of disease progression, and evaluation of treatment
efficacy. A variety of biomarkers have been identified in pediatric heart failure, reflecting myocardial stress,
injury, inflammation, fibrosis, neurohormonal activation, oxidative stress, renal function, metabolism, and
anthropometric factors, as described below and summarized in Table 1.
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B-type Natriuretic Peptide (BNP)

Ventricular myocytes, mostly from the left ventricle, generate and release B-type natriuretic peptide (BNP)
in response to pressure or volume excess of the ventricle (stretch) (Cantinotti, 2016). Human BNP is a 32-
amino acid polypeptide with two cysteine residues joined by a disulphide bond and a 17-amino acid ring
structure (Ludwikowska et al., 2024). In clinical applications, high BNP levels serve as a marker of
ventricular wall stress and malfunction and are utilised to identify heart failure in both adults and children at
an early stage. It has been demonstrated that BNP can distinguish between cardiac and non-cardiac causes
of respiratory distress in children (Sulu et al., 2023).

N-terminal pro-B-type Natriuretic Peptide (NT-proBNP)

When proBNP is cleaved, it produces the active 32—-amino-acid BNP and the 76-amino-acid inactive
fragment NT-proBNP. Due to its longer half-life and greater stability, NT-proBNP serves as a more
sensitive biomarker for detecting chronic or early-stage heart failure in children (Liu et al., 2021). NT-
proBNP levels are less impacted by some treatments (such the usage of ARNI) since it is not immediately
broken down by the enzyme neprilysin. As a result, it may be a more accurate measure of underlying
cardiac strain in pediatric populations (Sbolli and deFilippi, 2020).

Cardiac Troponin (cTnl, cTnT)

When myocardial cells are damaged, cardiac troponins | and (T regulatory proteins of the cardiomyocyte
contractile apparatus) are released into the bloodstream. In order to better identify extremely low troponin
concentrations, high-sensitivity tests are being utilised more often to treat congenital cardiac disease and
myocarditis in babies and neonates. Detectable or increasing troponin concentrations in children have been
linked to severe systemic sickness, surgical cardiac damage, and myocardial injury from myocarditis;
nevertheless, interpretation necessitates pediatric-specific reference ranges and clinical correlation. Thus,
when combined with clinical evaluation and imaging, troponin serves as a sensitive biomarker of cardiac
damage and has diagnostic and prognostic significance in pediatric heart illness (Clerico et al., 2021;
Ferraro et al., 2024).

C-Reactive Protein (CRP / hs-CRP)

A common indicator of systemic inflammation, C-reactive protein is an acute-phase protein that the liver
produces in reaction to cytokines like interleukin-6 (Schwuchow-Thonke et al., 2021). Recent research has
demonstrated a correlation between myocardial inflammation, unfavorable remodeling, and prognosis in
patients with cardiomyopathy and heart failure and high-sensitivity CRP (hs-CRP) tests, which are capable
of detecting low-grade inflammation (Mitsis et al., 2025). Elevated hs-CRP may indicate the severity of
congenital heart disease in children and can supplement cardiac biomarkers in risk stratification, according
to pediatric research and pediatric-focused analyses. Therefore, when combined with other data, hs-CRP is a
non-specific but therapeutically valuable inflammatory biomarker that provides predictive information in
both adult and pediatric heart failure (Schwuchow-Thonke et al., 2021).

Galectin-3

Activated macrophages and fibroblasts generate galectin-3, a p-galactoside-binding lectin that stimulates
inflammatory signalling, fibroblast activation, and myocardial fibrosis (Saleh et al., 2020). Higher galectin-3
concentrations in pediatric patients with congenital heart disease are correlated with heart-failure state and
may help diagnose decompensation early, according to prospective data from 2020 (Zaborska et al., 2023).
Galectin-3 primarily reflects the fibrotic/remodeling axis of cardiac illness and can supplement myocyte
damage indicators in the evaluation of pediatric heart failure (BaniHani et al., 2025).
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Neprilysin and the Natriuretic Peptide System

In order to reduce the beneficial cardiovascular effects of endogenous natriuretic peptides, such as BNP, the
enzyme neprilysin is essential (Nakagawa and Saito, 2022). NT-proBNP, which is not a neprilysin substrate,
is therefore function as an independent marker of cardiac status. In therapeutic contexts (such as with
neprilysin inhibitors), BNP concentrations may initially rise (because breakdown is blocked) but may then
decrease with effective therapy (Ludwikowska et al., 2024).

Myeloperoxidase (MPO)

A heme enzyme manufactured by neutrophils, myeloperoxidase produces reactive oxidant species and
connects inflammation to oxidative tissue damage in the heart and blood vessels (El Kazzi et al., 2020).
MPO is a predictive biomarker and a possible therapeutic target in heart failure, according to recent
translational and clinical studies, which highlight MPQO's function in increasing oxidative stress and
maladaptive remodelling (Profire et al., 2025). The pathophysiologic evidence supports MPO as a marker of
oxidative/inflammatory heart damage that may supplement other biomarkers in children with inflammatory
or ischaemic myocardial illness, even if pediatric MPO-specific outcome data are currently few (Lin et al.,
2024).

Cystatin C

Serum cystatin C is a sensitive indicator of renal function and early decreases in GFR because it is a low-
molecular-weight cysteine protease inhibitor that is generated by all nucleated cells and primarily removed
via glomerular filtration. In the context of pediatric cardiac surgery, research indicates that cystatin C
increases prior to creatinine and is predictive of acute kidney damage and worse postoperative outcomes in
children with congenital heart disease (Zakaria et al., 2022). Cystatin C's diagnostic utility for early
postoperative AKI in pediatric cardiac surgery is further supported by systematic reviews and meta-
analyses, which further highlight its prognostic significance for cardio-renal interactions. Thus, in children
with heart disease, cystatin C is a helpful cardio-renal biomarker that can identify subclinical renal
involvement that influences treatment and prognosis (Griva et al., 2025).

Adiponectin

Adiponectin is an adipocyte-derived hormone with insulin-sensitizing, anti-inflammatory and vasoprotective
properties that modulates metabolic and inflammatory pathways relevant to cardiovascular disease (Jung
and Jung, 2021). Complex relationships between circulating adiponectin and cardiovascular outcomes have
been reported by recent large-scale observational and genetic analyses; some studies have linked elevated
adiponectin to an increased risk of heart failure or death in advanced disease (Nielsen et al., 2024). In
pediatric cardiology, focused investigations remain rare, but existing data show that altered adiponectin
levels reflect metabolic dysregulation that can accompany congenital heart disease and may connect with
cardiac dysfunction in children (Orlando et al., 2019).

Body Mass Index (BMI)-Dependent BNP Adjustment

Body mass index (BMI) exhibits a substantial inverse association with circulating BNP and NT-proBNP
levels: greater BMI (obesity) is related with lower natriuretic peptide levels, either due to enhanced
clearance or changed synthesis (Suthahar et al., 2021). In pediatric clinical practice this means that lower
cut-off points of BNP (and NT-proBNP) may be required in obese children to maintain sensitivity, while
higher cut-offs may improve specificity in lean children. Careful adjustment for BMI therefore enhances
diagnostic accuracy of these biomarkers in children (Zrinski and Lenicek, 2025).
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Table 1 Mechanisms and clinical significance of different types of Biomarkers

Conclusion

Biomarkers offer a non-invasive insight into cardiac function, injury, and remodeling, playing a crucial role
in the early detection and management of heart failure in pediatric patients. While BNP and NT-proBNP
remain the most clinically validated markers for identifying early myocardial stress, cardiac troponins
provide valuable information on myocardial necrosis. Inflammatory and fibrotic biomarkers, such as
Galectin-3, MPO, and GDF-15, further enhance diagnostic capability by revealing the molecular pathways
driving disease progression beyond traditional hemodynamic assessment. Looking ahead, multi-biomarker
panels integrated with advanced imaging techniques, genetic profiling, and artificial intelligence based
predictive models hold great promise for the management of pediatric heart failure. These approaches can
improve diagnostic accuracy, guide timely therapeutic interventions, and ultimately enhance both the quality
of life and survival outcomes for children with heart failure.

References

Ahmad, A., Imran, M. and Ahsan, H., 2023. Biomarkers as biomedical bioindicators: approaches and
techniques for the detection, analysis, and validation of novel biomarkers of
diseases. Pharmaceutics, 15(6), p.1630.

Averbuch, T., Sullivan, K., Sauer, A., Mamas, M.A., Voors, A.A., Gale, C.P., Metra, M., Ravindra, N. and
Van Spall, H.G., 2022. Applications of artificial intelligence and machine learning in heart
failure. European Heart Journal-Digital Health, 3(2), pp.311-322.

BaniHani, H.A., Khaled, L.H., Al Sharaa, N.M., Al Saleh, R.A., Ghalaita, A.K.B., Sulaiman, A.S.B. and
Holeihel, A., 2025. Causes, Diagnosis, Treatment, and Prognosis of Cardiac Fibrosis: A Systematic
Review. Cureus, 17(3).

314



Multidisciplinary Surgical Research Annals

https://msra.online/index.php/Journal/about

Volume 4, Issue 1(2026)

Beijnink, C.W., van der Hoeven, N.W., Konijnenberg, L.S., Kim, R.J., Bekkers, S.C., Kloner, R.A,,
Everaars, H., EI Messaoudi, S., van Rossum, A.C., van Royen, N. and Nijveldt, R., 2021. Cardiac
MRI to visualize myocardial damage after ST-segment elevation myocardial infarction: a review of
its histologic validation. Radiology, 301(1), pp.4-18.

Burstein, D.S., Shamszad, P., Dai, D., Almond, C.S., Price, J.F., Lin, K.Y., O’Connor, M.J., Shaddy, R.E.,
Mascio, C.E. and Rossano, J.W., 2019. Significant mortality, morbidity and resource utilization
associated with advanced heart failure in congenital heart disease in children and young
adults. American heart journal, 209, pp.9-19.

Cantinotti, M., 2016. B-type cardiac natriuretic peptides in the neonatal and pediatric intensive care
units. Journal of Pediatric Intensive Care, 5(04), pp.189-197.

Castiglione, V., Aimo, A., Vergaro, G., Saccaro, L., Passino, C. and Emdin, M., 2022. Biomarkers for the
diagnosis and management of heart failure. Heart failure reviews, 27(2), pp.625-643.

Clerico, A., Aimo, A. and Cantinotti, M., 2022. High-sensitivity cardiac troponins in pediatric
population. Clinical Chemistry and Laboratory Medicine (CCLM), 60(1), pp.18-32.

Das, M.K. and Zipes, D.P., 2021. Electrocardiography of Arrhythmias: A Comprehensive Review E-Book:
A Companion to Cardiac Electrophysiology.

El Kazzi, M., Rayner, B.S., Chami, B., Dennis, J.M., Thomas, S.R. and Witting, P.K., 2020. Neutrophil-
mediated cardiac damage after acute myocardial infarction: significance of defining a new target cell
type for developing cardioprotective drugs. Antioxidants & redox signaling, 33(10), pp.689-712.

Ferraro, S., Plebani, M. & Kavsak, P., 2024. High-Sensitivity Cardiac Troponin and the Management of
Congenital Heart Disease in Newborns and Infants. Clinical Chemistry, 70(3), pp.486—496.

Griva, P., Griva, V., Samara, D., Talliou, C., Panagouli, K. and Roungeris, L., 2025. Central Venous
Pressure as a Predictor of Acute Kidney Injury in Cardiac Surgery: A Systematic Review of
Observational Studies. Diagnostics, 15(5), p.530.

Jayaprasad, N., 2016. Heart failure in children. Heart views, 17(3), pp.92-99.

Jone, P.N., lvy, D.D., Hauck, A., Karamlou, T., Truong, U., Coleman, R.D., Sandoval, J.P., del Cerro
Marin, M.J., Eghtesady, P., Tillman, K. and Krishnan, U.S., 2023. Pulmonary hypertension in
congenital heart disease: a scientific statement from the American Heart Association. Circulation:
Heart Failure, 16(7), p.e00080.

Jung, H.N. and Jung, C.H., 2021. The role of anti-inflammatory adipokines in cardiometabolic disorders:
Moving beyond adiponectin. International Journal of Molecular Sciences, 22(24), p.13529.

Lee, J., Marshall, T., Buck, H., Pamela, M. and Daack-Hirsch, S., 2025. Growth Failure in Children with
Congenital Heart Disease. Children, 12(5), p.616.

Lim, P.P.C., Bondarev, D.J., Edwards, A.M., Hoyen, C.M. and Macias, C.G., 2023. The evolving value of
older biomarkers in the clinical diagnosis of pediatric sepsis. Pediatric Research, 93(4), pp.789-796.

Lin, W., Chen, H., Chen, X. and Guo, C., 2024. The roles of neutrophil-derived myeloperoxidase (MPO) in
diseases: the new progress. Antioxidants, 13(1), p.132.

Liu, F., Luo, X., Chen, X., Lu, Z., Wei, D. and Yang, Z., 2021. Clinical value of NT-proBNP measurements
in assessing patients in the pediatric intensive care unit. Translational Pediatrics, 10(5), p.1355.

Liu, Y., Liu, J., Xia, H., Zhang, X., Fontes-Garfias, C.R., Swanson, K.A., Cai, H., Sarkar, R., Chen, W.,
Cutler, M. and Cooper, D., 2021. Neutralizing activity of BNT162b2-elicited serum. New England
Journal of Medicine, 384(15), pp.1466-1468.

Ludwikowska, K. M., Tokarczyk, M., Paleczny, B., Tracewski, P., Szenborn, L. & Kusa, J., 2024. Clinical
Significance of B-Type Natriuretic Peptide and N-Terminal Pro-B-Type Natriuretic Peptide in
Pediatric Patients: Insights into Their Utility in the Presence or Absence of Pre-Existing Heart
Conditions. International Journal of Molecular Sciences, 25(16), p. 8781.

Mitchell, F.M., Prasad, S.K., Greil, G.F., Drivas, P., Vassiliou, V.S. and Raphael, C.E., 2016.
Cardiovascular magnetic resonance: diagnostic utility and specific considerations in the pediatric

315



Multidisciplinary Surgical Research Annals

https://msra.online/index.php/Journal/about

Volume 4, Issue 1(2026)

population. World Journal of Clinical Pediatrics, 5(1), p.1.

Mitsis, A., Sokratous, S., Karmioti, G., Kyriakou, M., Drakomathioulakis, M., Myrianthefs, M.M.,
Eftychiou, C., Kadoglou, N.P., Tzikas, S., Fragakis, N. and Kassimis, G., 2025. The role of C-
reactive protein in acute myocardial infarction: unmasking diagnostic, prognostic, and therapeutic
insights. Journal of clinical medicine, 14(13), p.4795.

Nakagawa, H. and Saito, Y., 2022. Roles of natriuretic peptides and the significance of neprilysin in
cardiovascular diseases. Biology, 11(7), p.1017.

Nielsen, M.B., Colak, Y., Benn, M., Mason, A., Burgess, S. and Nordestgaard, B.G., 2024. Plasma
adiponectin levels and risk of heart failure, atrial fibrillation, aortic valve stenosis, and myocardial
infarction: large-scale observational and Mendelian randomization evidence. Cardiovascular
Research, 120(1), pp.95-107.

Pissarra, R., Pereira, M., Amorim, R., Neto, B.P., Lourenco, L. and Santos, L.A., 2022. Chest pain in a
pediatric emergency department: clinical assessment and management reality in a third-level
Portuguese hospital. Porto Biomedical Journal, 7(3), p.e150.

Profire, B.S., Lupascu, F.G., Statescu, C., Sorodoc, V., Sascau, R.A., Profire, L. and Sorodoc, L., 2025.
Heart  Failure  Biomarkers—Pathophysiology, Diagnosis, Prognosis and  Clinical
Relevance. International Journal of Molecular Sciences, 26(19), p.9740.

Rao, P.S., 2019. Management of congenital heart disease: state of the art—part Il—cyanotic heart
defects. Children, 6(4), p.54.

Sbolli, M. and deFilippi, C., 2020. BNP and NT-proBNP interpretation in the neprilysin inhibitor
era. Current Cardiology Reports, 22(11), p.150.

Schwuchow-Thonke, S., Gobel, S., Emrich, T., Schmitt, V.H., Fueting, F., Klank, C., Escher, F.,
Schultheiss, H.P., Miinzel, T., Keller, K. and Wenzel, P., 2021. Increased C reactive protein, cardiac
troponin | and GLS are associated with myocardial inflammation in patients with non-ischemic heart
failure. Scientific Reports, 11(1), p.3008.

Shaddy, R.E., George, A.T., Jaecklin, T., Lochlainn, E.N., Thakur, L., Agrawal, R., Solar-Yohay, S., Chen,
F., Rossano, J.W., Severin, T. and Burch, M., 2018. Systematic literature review on the incidence
and prevalence of heart failure in children and adolescents. Pediatric cardiology, 39(3), pp.415-436.

Simpson, J.M. and Miller, O.l., 2021. Anomalies of the left ventricular outflow tract and aortic
valve. Echocardiography in Pediatric and Congenital Heart Disease: From Fetus to Adult, pp.382-
404.

Siwik, D., Apanasiewicz, W., Zukowska, M., Jaczewski, G. and Dabrowska, M., 2023. Diagnosing lung
abnormalities related to heart failure in chest radiogram, lung ultrasound and thoracic computed
tomography. Advances in Respiratory Medicine, 91(2), pp.103-122.

Sulu, A., Kiztanir, H., Kosger, P. and Ucar, B., 2023. Relationship of Pro-BNP Levels with Cardiovascular
Events in Pediatric Cardiac and Non-cardiac Diseases. Journal of Contemporary Medicine, 13(3),
pp.549-554.

Suthahar, N., Meems, L.M., Groothof, D., Bakker, S.J., Gansevoort, R.T., van Veldhuisen, D.J. and de
Boer, R.A., 2021. Relationship between body mass index, cardiovascular biomarkers and incident
heart failure. European Journal of Heart Failure, 23(3), pp.396-402.

Van Donge, T., Welzel, T., Atkinson, A., van den Anker, J. and Pfister, M., 2019. Age dependent changes
of kidney injury biomarkers in pediatrics. The Journal of Clinical Pharmacology, 59, pp.S21-S32.

Yasmin, F., Shah, S.M.1., Naeem, A., Shujauddin, S.M., Jabeen, A., Kazmi, S., Siddiqui, S.A., Kumar, P.,
Salman, S., Hassan, S.A. and Dasari, C., 2021. Artificial intelligence in the diagnosis and detection
of heart failure: the past, present, and future. Reviews in cardiovascular medicine, 22(4), pp.1095-
1113.

Zaborska, B., Sikora-Fragc, M., Smarz, K., Pilichowska-Paszkiet, E., Budaj, A., Sitkiewicz, D. and
Sygitowicz, G., 2023. The role of galectin-3 in heart failure—the diagnostic, prognostic and

316



Multidisciplinary Surgical Research Annals

https://msra.online/index.php/Journal/about

Volume 4, Issue 1(2026)

therapeutic potential—where do we stand. International Journal of Molecular Sciences, 24(17),
p.13111.

Zakaria, M., Hassan, T., Refaat, A., Fathy, M., Hashem, M.Il., Khalifa, N., Ali, A.A., Elhewala, A.,
Ramadan, A. and Nafea, A., 2022. Role of serum cystatin C in the prediction of acute kidney injury
following pediatric cardiac surgeries: A single center experience. Medicine, 101(49), p.e31938.

Zrinski Topic, R. and Lenicek Krleza, J., 2025. Cardiac markers in pediatric laboratory medicine: critical
review. Diagnostics, 15(2), p.165.

317



