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Numerous congenital or secondary diseases, including, heart disease, respiratory disease, sepsis and many others, can lead to neonatal death. B-type natriuretic peptide (BNP) is a peptide hormone secreted by ventricular cells following an increase in ventricular wall tension. BNP functions to promote vasodilation, diuresis, and sodium release to regulate blood pressure. BNP is a sensitive index reflecting ventricular function, which may aid the diagnosis and monitoring of various neonatal diseases. In neonates, there is currently no consensus on a reference BNP level, as the plasma BNP concentration of healthy newborns varies with age, peaks in the first week after birth, and then gradually decreased to a stable level. In disease states, the correlation between the plasma BNP concentration and the results of echocardiography is good, which is of great significance in the screening, monitoring, and prognosis evaluation of neonatal cardiovascular diseases, including congenital heart disease, patent ductus arteriosus, etcetera. It also facilitates the judgment of the efficacy of treatment and perioperative management. Moreover, the monitoring of plasma BNP concentration provides guidance for the diagnosis, evaluation, and treatment selection of certain neonatal respiratory diseases and neonatal sepsis. This review summarizes the normal BNP values and discusses the application value of BNP in relation to physiological and pathological aspects in neonates.

Keywords: B-type natriuretic peptide (BNP), neonate, cardiac function, cardiac disease, respiratory disease, congenital heart disease (CHD), patent ductus arteriosus (PDA), pulmonary hypertension (PH)


INTRODUCTION

B-type natriuretic peptide, or B-type natriuretic peptide (BNP), is a member of the natriuretic peptide family in addition to cardiac natriuretic peptide (ANP). BNP is mainly secreted by ventricular myocytes, which respond to the ventricular load, and is widely distributed in the brain, spinal cord, and heart and lung, with the highest content observed in the heart. At present, studies on the pathophysiological significance and clinical diagnostic value of BNP in adults are relatively mature, and BNP can be used as a reliable biomarker for the diagnosis of structural and functional abnormalities of the cardiovascular system. Its application involves the diagnosis, severity evaluation, therapeutic effect evaluation, and prognosis evaluation of various diseases of the cardiovascular system. In recent years, the study of BNP in children has increased; however, due to the particularities of the age of neonates from intrauterine fetal hemodynamics to the neonatal period, the arterial ductus closes, pulmonary artery pressure decreases, and the systemic circulation pressure increases, leading to dynamic changes in early postnatal BNP. In addition, preterm and term infants have different disease spectrums, which are influenced by both developmental factors and diseases. The physiological and pathological significance of BNP is also different between preterm and term infants. This article reviews the normal range of BNP in neonates and the application of BNP in neonatal diseases.



MANUSCRIPT FORMATTING


Biological Characteristics and Physiological Functions of BNP

Mammalian cardiac myocytes are composed of a group of phenotypically heterogeneous cells, representing various functions of different subtypes of cardiac myocytes, including electrical pulse generation, electrical pulse conduction, ventricular contraction, atrial contraction, and secretion. The cardiac myocyte contraction-secretion biphenotype is the basis for regulating the secretion of two natriuretic peptide hormones, ANP, and BNP.

BNP is an expression product of the NPPB gene (1), which is mainly synthesized by a p38/NF-κB-dependent mechanism during ventricular wall extension (2). The gene expression process is regulated by inflammatory cytokines, such as IL-1β, tumor necrosis factor, and lipopolysaccharide. This expression process is also upregulated by endothelin and angiotensin (3). NPPB is translated into pre-pro-BNP, further processed as the hormone (pro-BNP) and the final hormone (BNP), and then secreted into the blood circulation. N-terminal proBNP (NT-probNP), also known as a biomarker, is also produced in this process. Pro-BNP processing involves O-glycosylation sites; this is a regulated process that varies over time and is influenced by different pathological states and biosynthesis regions of the heart. Pro-BNP and processed BNP are stored together in specific atrial granules and are processed and co-secreted in response to G-protein coupled receptor signals or following stimulation of secreting cells by atrial muscle traction. At least three mechanisms are involved in the stimulation and secretion of BNP: stretch-activated GQ1α coupling secretion, Gqα coupling secretion, and cytokine-promoting secretion (1). The biological roles of NPs are mediated by receptors, which are membrane-bound guanylate cyclases found in various cells. Three types of NP receptors have been identified: NP receptor type A (NPR-A or NPR1), NPR-B (NPR2), and NPR-C (NPR3). NPR-A is the main receptor for BNP, and BNP binding may lead to changes in the conformation of NPR-A. In the presence of ATP, the inhibition of the protein kinase domain on the guanylate cyclase catalytic site is eliminated, thus increasing the activity of NPR-A guanylate cyclase. BNP binds to NPR-A to induce intracellular cGMP formation, which mediates the relaxation of vascular smooth muscle and skeletal muscle cells through cGMP-dependent protein kinases (PKGs) and cGMP-gated ion channels, leading to vasodilation and muscle relaxation. In addition, cGMP-regulated cyclic nucleotide phosphodiesterase plays various roles in cellular signaling, including regulating cardiac function, adrenal steroid production, and light transduction (1).

All three types of natriuretic peptides (NP) have a common 17-amino acid ring structure that protects the cardiovascular system from volume overload. The storage of BNP is the smallest in atrial granules, where it is synthesized and secreted explosively. The wall stress caused by volume expansion or pressure overload initiates the synthesis of pre-proBNP in ventricular myocytes. BNP also circulates as a hormone in various tissues in the body, promoting vasodilation, and diuresis (4). In addition, BNP also affects the renin-angiotensin-aldosterone system, affects sympathetic nerve activity, inhibits myocardial fibrosis and ventricular remodeling, and has anti-inflammatory effects.



Normal Value of BNP in Neonates

The plasma BNP level of healthy full-term infants increases immediately after birth. The concentration is relatively high in the first week and then decreases significantly. Subsequently, the BNP level slowly decreases further and gradually reaches a stable level 1 month after birth. The mechanism of the sharp increase in BNP level after birth is not clear, and it is likely to be caused by many factors. The change in the perinatal circulation and the redistribution of blood from the placenta to the lungs increase ventricular volume and pressure load, which stimulates the synthesis of BNP in the left and right atrium and ventricle and secretes it into the circulation after birth (5). However, the level of fetal plasma BNP is higher than that of the placenta, indicating that the placenta has an influence on BNP clearance, which may also explain the increase in neonatal BNP (6). The decrease in plasma BNP can be explained by the fact that the pulmonary circulation pressure gradually increased with age and that diuresis accompanies renal maturation (7).

So far, many groups have reported the reference range of plasma BNP at different times after birth (Table 1). Neves et al. (18) summarized the relevant data, but there are some differences due to differences in gestational age, race, and detection methods. Cantinotti et al. (13) provided detailed BNP data of newborns. Their analysis showed that plasma BNP levels were highest in the first 2 days after birth and gradually decreased in the following days and weeks. Moreover, the BNP levels were not shown to be related to sex and mode of delivery.


Table 1. Plasma BNP level of healthy newborns.
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The BNP level of newborn is related to the growth and development of fetus (Table 2). Mannarino et al. (14) found that the plasma BNP level of preterm newborns without PDA 3 days after birth was lower than that of healthy full-term newborns, but there was no significant difference at 28 days after birth. Tauber et al. (19) studied premature neonates without patent ductus arteriosus and found that the median BNP level was generally lower than the levels identified in the Cantinotti study. Therefore, the BNP level of preterm infants is lower than that of normal full-term newborns in the first few days after birth, although the specific reason remains to be clarified. Torres et al. (20) found that the plasma BNP of monochromic diamniotic twins showed higher levels at birth than did that of singletons. Garofoli et al. (15) found that the umbilical cord BNP concentration of intra uterine growth restriction (IUGR) newborns was higher than that of appropriate for gestational age (AGA) newborns. They also found that the plasma BNP level of IUGR newborns decreased rapidly within 1 month after birth. Therefore, the plasma BNP level of newborns is related to whether they are premature infants, intrauterine growth, twins, or singletons. However, regardless of their growth and development in the fetal period, their BNP levels have a similar trend, indicating that they are affected by the same cardiac circulatory mechanism.


Table 2. Plasma BNP level of newborns with different birth conditions.
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As there is currently no unified standard for neonatal BNP levels, when explaining the neonatal BNP level, a comprehensive consideration and evaluation should be carried out according to the characteristics of the individual and environment.



Cardiac Disease
 
Judgment of Cardiac Function

The International Society for Heart and Lung Transplantation defines childhood heart failure as a clinical and pathophysiological syndrome caused by ventricular insufficiency and volume or pressure overload, alone, or in combination (21). The most common cause of heart failure in neonates is structural congenital heart disease (CHD), and the risk and degree of occurrence vary according to the specific type of heart malformation (22). The plasma BNP level reflects the end-diastolic wall stress of the left ventricle in patients with heart failure and can be used for the diagnosis of heart failure (23). The level of serum BNP in neonates is related to the type and severity of CHD, and it has significance for cardiac insufficiency caused by volume load, pressure load, or myocardial disease (24, 25). Therefore, the heart function of newborns can be judged by detecting the level of plasma BNP, and consequently, effective treatment measures can be taken to avoid the occurrence of heart failure and reduce the risk of death and the occurrence of poor prognosis.


Cardiac Insufficiency Caused by Volume Overload

Many studies have shown that children with CHD characterized by left ventricular volume overload have higher BNP concentrations, with similar results observed (12, 26, 27) in infants and neonates. Koch et al. (28) found that the BNP level increased in neonates and children with left to right shunt and was positively correlated with shunt flow, right ventricular systolic pressure, mean pulmonary artery pressure, and pulmonary artery resistance, indicating that the plasma BNP level in neonates with congenital heart disease is closely related to cardiac insufficiency caused by volume load. Ventricular septal defect (VSD) is one of the most common congenital heart malformations. The volume load of left atrium and ventricle increases in patients with large ventricular septal defect without pulmonary vascular disease (29). Some studies have shown that plasma BNP levels are elevated in children with VSD and are significantly correlated with the ratio of pulmonary blood flow/systemic blood flow (QP/QS) and left and right ventricular end diastolic volumes (30–32). For newborns, the study of Kunii et al. also has similar findings as children (9). Davlouros et al. (33) also found that plasma BNP levels were significantly higher in volume loaded Left to Right (LtR) shunt newborns than in neonates with haemodynamically insignificant LtR shunts. Therefore, plasma BNP level may reflect the degree of ventricular dysfunction caused by neonatal volume load.



Cardiac Insufficiency Caused by Pressure Overload

Pressure overload, also known as afterload overload, is an increase in the resistance load that the heart bears during contraction; it includes left ventricular pressure overload and right ventricular pressure overload. For neonates, left ventricular pressure overload is mainly caused by obstructive CHD on the left side of left ventricular pressure, including aortic stenosis, coarctation of aorta, and Shone complex. Pressure overload near the stenosis (left ventricle) leads to increased systolic wall tension and hypertrophy, decreased ventricular compliance, and increased left ventricular end-diastolic and left atrial pressure, resulting in cardiac insufficiency (34). Cowley et al. (26) studied 96 children with different types of CHD and found that left ventricular outflow tract obstruction and left ventricular pressure load were related to BNP levels and that the BNP level increased as the degree of obstruction increased. Das et al. (35) studied 122 CHD neonates with left obstructive lesions and found that the BNP level of the neonates was elevated, especially in neonates with critical congenital heart disease, whose BNP ranged from 553 to > 5,000 pg/ml. A significant increase in plasma BNP levels was also observed in newborns withcoarctation of aorta (36). Therefore, the BNP level is a good indicator for neonatal heart insufficiency caused by pressure load, especially for left obstructive lesions.



Cardiac Insufficiency Due to Myocardium

Cardiomyopathy The change in BNP can predict the cardiac dysfunction caused by various etiologies. Hayakawa et al. (37) found that 23.5% of children treated with Adriamycin had left ventricular dysfunction. Moreover, compared to the normal control group (P < 0.01) and the normal heart function group (P < 0.05), the plasma BNP level of patients treated with Adriamycin was significantly increased. Notably, BNP levels were significantly associated with systolic function, not diastolic function. It has also been demonstrated that plasma BNP level may be a marker of doxorubicin-induced cardiac toxicity in children. As a quantitative biomarker of heart failure, BNP is closely related to the stimulation of ventricular myocytes by transmural pressure. Therefore, the classification of cardiomyopathy according to morphology may be of more significance to the study of BNP.

BNP plays a diagnostic role in some types of cardiomyopathy but not in others. Restrictive cardiomyopathy (RCM) is characterized by increased ventricular wall stiffness, decreased diastolic function, and limited filling. In the early stage, the atrium is significantly dilated, and the systolic function of the left ventricle is significantly decreased with the progression of disease. BNP levels have been shown to be significantly higher in neonates with RCM. BNP can also be used to distinguish RCM from constrictive pericarditis as BNP is higher in patients with RCM than in those with constrictive pericarditis. Although there may be some overlap, a clearer distinction can be made by also considering the tissue Doppler phenomenon (38). Hypertrophic cardiomyopathy (HCM) is a hereditary cardiomyopathy characterized by asymmetrical hypertrophy of the ventricular septum. Öner et al. (39) demonstrated that the sensitivity of the BNP level mainly reflects the degree of left ventricular hypertrophy and has no obvious correlation with the presence or absence of obstruction of left ventricular outflow tract in patients with HCM. Therefore, it cannot be used to identify the types of HCM. In addition, cases of significantly elevated BNP in neonatal enterovirus myocarditis have been reported. These results indicate that BNP may have some diagnostic value for infectious myocarditis (40).

However, BNP has prognostic value in some types of cardiomyopathy. Dilated cardiomyopathy (DCM) is characterized by the enlargement of the left or both ventricles with systolic dysfunction and often leads to ventricular arrhythmias, heart failure, and death. The study of Noori et al. (41) demonstrated that the BNP level in patients with DCM was significantly correlated with multiple echocardiographic results, reflecting overload damage of ventricular function. Moreover, the severity of the disease in Ross grade was significantly correlated with the BNP level. Some studies have shown that BNP has high sensitivity in the clinical prediction of HCM. Indeed, Öner et al. (39) demonstrated that BNP levels higher than 98 pg/mL, a z-value of septal thickness > 6, and a high mitral and ventricular septal E/EA ratio may be used to indicate life-threatening conditions in patients with HCM.

Severity of Neonatal Asphyxia Based on the Degree of Myocardial Injury After Hypoxia. Neonatal asphyxia is a common emergency after birth and is an important factor of neonatal disability and death. Early diagnosis of neonatal asphyxia is important to take the correct measures to improve the survival rate and reduce the incidence of complications (42).

Neonatal asphyxia can cause organ ischemia and hypoxic injury, mainly accumulated in the heart and brain. Studies show that myocardial damage caused by asphyxia can occur in 28–73% of neonatal asphyxia cases, which is the main cause of neonatal asphyxia death. CTnI, cTnT, and CK-MB are myocardial injury markers, the elevation of which can be seen in patients with neonatal asphyxia; however, they are susceptible to confounding factors, such as gestational age and prenatal hormone use. Therefore, their use in the diagnosis of neonatal asphyxia is limited. BNP is a marker reflecting the structure and function of the heart, with high sensitivity and specificity, and is suitable for the diagnosis and severity assessment of neonatal asphyxia (42).

Cetin et al. (43) highlighted that the plasma BNP concentration in children with perinatal asphyxia on the first postpartum day was significantly higher than that in the control group, suggesting that BNP could be used as an indicator for the diagnosis of neonatal asphyxia. Jiang et al. (42) drew similar conclusions, showing that the plasma BNP concentration at 12 h postpartum in the asphyxia group was significantly higher than that in the control group without asphyxia and myocardial injury. The study of Vijlbrief et al. showed that when neonates with perinatal asphyxia received hypothermia treatment, their level of BNP was lower than that of the group who didn't. This indicates that BNP level may indicates the effect of asphyxia treatment (44). Plasma BNP is a rapid and simple laboratory indicator for the diagnosis, severity, and prognosis of neonatal asphyxia. Timely clinical examination of BNP in children with suspected asphyxia is helpful for early diagnosis and treatment of asphyxia, which is of great significance to reduce myocardial damage caused by ischemia and hypoxia and to reduce the incidence and mortality of sequelae.




Cardiac Function Management
 
Perioperative Management of Cardiac Function

BNP is generally higher after neonatal heart surgery than before, which is a general pattern associated with perioperative changes. However, variations in BNP levels that defy this pattern may have different meanings. The perioperative characteristics of BNP may be different from those of adult patients due to unstable baseline BNP in healthy newborns and other factors such as BNP metabolism. In general, preoperative biomarker levels are relatively easier to interpret clinically than post-operative levels, which may be influenced by a number of confounding factors, such as patient age (day of age) and disease severity. In older children, postoperative biomarker levels are typically higher than preoperative levels, with levels peaking 12–24 h after surgery and remaining higher than preoperative levels at discharge. However, Cantinotti et al. (16) suggested that, on average, neonates showed very high preoperative BNP levels and a progressive decline in postoperative biomarker levels. This different postoperative BNP dynamic pattern may be due, in part, to the generally higher severity of neonatal congenital heart disease and the greater complexity of neonatal surgery. From this perspective, an early postoperative significant no decline or gradual increase in neonatal BNP levels may indicate complications, and/or neonatal CHD may only be partially resolved surgically. Even so, newborns are often discharged from hospital with higher levels of BNP than healthy babies of the same age (16). Thus, even in patients with well-corrected heart defects, hemodynamic homeostatic restoration is slow.

BNP plays a role in preoperative and intraoperative evaluation of patients with heart failure and cardiac interventional surgery. Pichette et al. (45) included multiple biomarkers such as BNP in the preoperative evaluation of patients with heart failure or at risk of heart failure but also suggested that goals should be individualized, with an individualized target threshold and consideration of delayed surgery in patients with rapidly rising BNP levels. However, in the neonatal context, there is no mention of how to distinguish between a physiological increase in BNP and a pathological increase in BNP. However, several studies have assessed the role of BNP in children receiving mid-term mechanical cardiac support. These studies show that BNP is accurate in predicting and detecting rejection and that biomarker levels decline after cardiac mechanical support. However, further studies are needed to better demonstrate the role of BNP testing in these specific clinical settings (16).

In neonates undergoing cardiac surgery, BNP levels are predictive of short-term outcomes in the hospital. In the BNP composite score designed by Niedner et al. (46), the mean BNP 24 h after surgery had the highest overall correlation with postoperative outcome and was, therefore, the preferred BNP index for further analysis. Both peak postoperative BNP and 24-h mean BNP were significantly associated with each type of postoperative outcome. The most significant of which were thoracotomy time, ventilation time, length of intensive care unit (ICU) stay, and length of hospital stay (r = 0.51–0.65, all P < 0.001). Several studies have shown that the higher the level of BNP in pediatric cardiac surgery patients before surgery, the worse the prognosis, the longer the time of intubation, and the longer the ICU stay. In a linear regression analysis of 336 pediatric cardiac surgery patients, Cantinotti et al. (47) found a correlation between increased preoperative BNP and intubation time (P < 0.001). In multivariate logic analysis, an independent correlation between preoperative BNP and intubation time was shown in 89 newborns (P = 0.039). Kim et al. (48) also showed an independent correlation between preoperative BNP and intubation time in patients with transposition of the great arteries through linear multivariate analysis (P = 0.005). The study by Nahum et al. (49) showed that increased BNP before surgery was significantly associated with prolonged ICU stay (P = 0.05) (50). The results of a study by Kanazawa et al. showed a close relationship between preoperative BNP and prolonged ICU stay. Kanazawa et al. also showed that preoperative neonatal BNP was independently associated with postoperative and postoperative adverse events, including (1) death in the ICU, (2) need for extracorporeal membrane oxygenation, (3) cardiac arrest, and (4) hemodynamic instability requiring reoperation.

BNP level may be related to postoperative development in newborns. In the study by Butts et al. (51), multivariate longitudinal analysis of neonatal single-ventricular echocardiography measurements found that higher logBNP was associated with greater end-systolic volume Z-score and degree of atrioventricular regurgitate. BNP was also associated with postoperative body length, body weight, and mental and motor development. Therefore, an abnormally high BNP level may indicate that the development of the newborn after surgery is affected.

In general, BNP has a certain predictive value in the operation of neonatal heart-related diseases, but how to eliminate confounding factors to achieve the application effect of clinical practice remains to be explored. The predictive effect of BNP on prognosis in non-cardiac surgery is supported by some studies in adults, but such data are lacking in neonates.



Management of Cardiac Function in Sepsis

Neonatal sepsis can be serious, from subclinical infection to focal or systemic disease, with complications including pulmonary hypertension, heart failure, and other cardiovascular system symptoms, resulting in septic shock and even death of the newborn (52). BNP has been found to guide the diagnosis and prognosis of cardiac insufficiency in sepsis (53, 54).

Circulatory dysfunction in children with septic shock is associated with mortality and is an independent risk factor for death in children with septic shock (55, 56). Williams et al. (57) found that myocardial dysfunction was prevalent in patients with pediatric septic shock (PSS) and that left ventricular systolic dysfunction was associated with higher disease severity, vasoactive use, and BNP level. However, the significance of these optimal bounds for neonatal sepsis is limited due to the large variation of plasma BNP levels in neonates after birth.




Application of Patent Ductus Arteriosus (PDA)
 
Diagnosis in Hemodynamically Significant PDA

In full-term infants, the ductus arteriosus usually contracts after birth and functionally closes within 72 h. However, in premature infants, the closure is delayed, which may lead to PDA. Some children will present a series of clinical symptoms and complications, some of which may even be life-threatening, known as symptomatic PDA (sPDA). Significant hemodynamics is often used to distinguish between meaningful and insignificant patent ductus arteriosus. Therefore, early diagnosis of hemodynamically significant patent ductus arteriosus (hsPDA) is of great significance (58). In recent years, studies have found that BNP levels have clinical application value for evaluating PDA (59).

At present, there is no standard best cutoff value for the diagnosis of hsPDA or sPDA using BNP level, but some studies have shown that the predictive diagnosis of PDA based on blood plasma BNP levels in newborns within 7 days after birth has value (Table 3). Tauber et al. (19) found that BNP levels in preterm infants without PDA increased significantly on the first day after birth, decreased on the fifth day, and remained at a low level thereafter, while gestational age had no significant effect on BNP levels; this study helped to increase the understanding of BNP levels in preterm infants with PDA. Moreover, Jeong et al. (71) found that the BNP level of premature infants with PDA was correlated with many parameters of echocardiography and that the BNP level on the second day was positively correlated with the left atrial diameter/aortic diameter, which had guiding significance for the diagnosis of PDA. Furthermore, a systematic review of ten BNP studies (72) showed that the accuracy of BNP level in the diagnosis of PDA varies greatly due to different detection methods, gestational age, and the age of children. Therefore, it is recommended to verify the BNP detection for specific patient populations to determine the treatment plan (Table 3).


Table 3. Plasma BNP level in the diagnosis of PDA in neonates.
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Determination of PDA Severity and Treatment of PDA

PDA is a relatively common disease in CHD. At present, many studies have shown that there is a significant correlation between the BNP level of children and the size of PDA (64, 73, 74). König et al. (73) studied 46 neonates with PDA and found that the average diameter of the PDA was 3.2 mm and the BNP level of the neonates was significantly correlated with the size of the PDA. Some studies have also found that a variety of indicators are related to the persistence of PDA, including high-level BNP (75). Elsayed et al. (76) found that BNP level in premature infants with hsPDA was negatively correlated with hemodynamic parameters of whole body blood flow at 48–72 h and was positively correlated with the pulsatility and resistance index of the middle cerebral artery and coronary artery, which reflected the physiological predictive value of BNP before symptoms of PDA. Moreover, Elsayed et al. (74) found that the BNP levels increased significantly with the increase of PDA diameter for neonates with PDA aged from 2 to 3 d. Meanwhile, the number of days of oxygen inhalation and the number of PDA drug treatments or surgical ligations also increased significantly. The BNP cutoff value for predicting any adverse prognosis in children with PDA was 90 pg/ml, with a sensitivity of 71% and a specificity of 95%. Therefore, the BNP level has a significant correlation with the diameter and persistence of PDA, which can reflect the severity and prognosis of neonates with PDA, and facilitates treatment selection for neonates with PDA.

The plasma BNP level of PDA neonates is significant for treatment decision-making. Non-steroidal anti-inflammatory drugs and other drugs are used to close PDA to prevent such complications. Indomethacin and ibuprofen are considered the standard drugs for the treatment of PDA (77). Hsu et al. (78) used indomethacin to treat 31 preterm neonates (mean gestational age 30 weeks) with sPDA and found that the cutoff value of BNP for predicting the unresponsiveness of premature neonates with sPDA to indomethacin treatment was 1,805 pg/ml, with a sensitivity of 88% and a specificity of 87%. A high baseline BNP level indicates that premature neonates with PDA have a poor response to indomethacin and need surgical treatment. Mine et al. (67) found that a BNP level of 250 pg/ml at 24–48 h after birth was the best cutoff value for predicting indomethacin treatment in premature neonates with hsPDA, and the maximum BNP level of 2,000 pg/ml at 5 days before birth was the best cutoff value for predicting surgical ligation. Oh et al. (79) studied 92 cases of premature neonates with hsPDA treated with ibuprofen in the first course (IBU1) and 19 cases in the second course (IBU2) and found that the cutoff values of effective BNP levels were 331 pg/ml (sensitivity 75.0%, specificity 80.9%) and 423 pg/ml (sensitivity 78.6%, specificity 100%), respectively. However, no cutoff value of baseline BNP level was established to predict the efficacy of ibuprofen in premature neonates with hsPDA. Shin et al. (80) found that ibuprofen can be stopped when the estimated BNP level is lower than 600 pg/mL to avoid unnecessary cyclooxygenase inhibitor doses and that this does not increase catheter closure failure and short-term morbidity related to sPDA. Moreover, King et al. (81) used the BNP level to assess the use of acetaminophen in infants with hsPDA older than 2 weeks, and the BNP level of some infants with hsPDA decreased after treatment. Therefore, the BNP level can be used to predict whether a newborn with PDA needs medication or surgery, and it provides guidance regarding the efficacy of the drug and the time of drug withdrawal.




Diagnosis of CHD

CHD has a very high mortality rate worldwide, and its prevalence is gradually increasing (82). Moreover, CHD is the most common cause of heart failure in children. However, routine examinations of some newborns with CHD may be normal, and the signs of critical CHD may not be obvious until after hospital discharge (83). Nearly 60% of HF cases in pediatric patients occur within the first year of life (84). Therefore, early detection and diagnosis of CHD are of great significance to the prognosis of children. Cardiac biomarkers such as BNP are simple and effective tools for assessing CHD, and they also play a role in determining the diagnosis and treatment of pediatric heart disease patients (85).

Some studies have shown that BNP plays a role in the diagnosis of CHD in children and adults and can help identify critical heart disease in children in acute care settings (86, 87). For newborns, BNP can be used as an auxiliary marker for the diagnosis of CHD and can also be used to perform a comprehensive evaluation of children to help determine the severity and progress of heart failure and monitor the treatment response (24) (Table 4).


Table 4. BNP in the diagnoses of CHD.
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It has been shown that BNP levels are significantly increased in neonates with cardiovascular disease (88). The age of newborns after birth plays an important role in the best cutoff value of plasma BNP in the diagnosis of neonatal CHD (89, 90). At present, there is no standard best cutoff value for the diagnosis of neonatal CHD using BNP level, but some studies have shown that the predictive diagnosis of CHD in the blood plasma BNP level of newborns has clinical value (Table 4). However, despite using the same kit for research, the results of Cantinotti and Davlouros were somewhat different. This may be because the neonatal plasma BNP level changed significantly within the 4 days after birth. Furthermore, the platform used to determine BNP was different, the number of children included in the sample was different, and the diagnostic criteria were also different. Therefore, clinicians should pay special attention to the age of newborns during BNP detection and the kits and detection platforms used in order to improve the accuracy of the diagnosis of children with CHD.

There is also a certain relationship between the severity of neonatal CHD and the level of plasma BNP. Das et al. (35) showed that BNP levels were elevated in all critically ill neonates with congenital heart disease with shock, and reported the best cut BNP level to predict shock in patients with CHD was 490 pg/ml, with a sensitivity of 100%, a specificity of 41%, and an accuracy of 58%. Cantinotti et al. (90) also showed elevated BNP levels in newborns with complex coronary heart disease. Davlouros et al. (33) found that plasma BNP levels were associated with the severity of volume load in newborns with LtR shunt. However, in the first few hours of life, when rapid physiological changes occur in cardiac hemodynamics, it may be difficult to understand the severity of the disease (25). At present, the available data on BNP level and CHD severity are limited, and further research is needed to better clarify the role of neonatal BNP level in assessing the severity of CHD.

Plasma BNP can also be combined with other detection indicators to predict neonatal CHD. Sahin-Uysal et al. (91) attempted to use maternal blood and cord blood BNP to predict neonatal CHD. However, the results showed that elevated cord blood BNP levels could be used as a predictor of neonatal congenital heart disease and an indicator of poor prognosis, while BNP levels in maternal blood had no relevant significance. Dasgupta et al. (92) found that the positive predictive rate of cardiac hypertrophy in neonates using chest X-ray alone to predict heart disease was only 15%. If combined with abnormal echocardiography or BNP > 100 pg/ml, the positive predictive value would be greatly increased. Therefore, in the absence of echocardiography, in addition to the detection of neonatal plasma BNP levels, the combined use of chest X-rays, electrocardiograms, and other laboratory tests can better predict the occurrence of neonatal CHD.




Respiratory Diseases
 
Application of BNP in Persistent Pulmonary Hypertension (PPHN)
 
PH and Persistent Pulmonary Hypertension in Newborns (PPHN)

PH is a pathophysiological state of elevated pulmonary artery pressure in the resting state (right heart catheter ≥ 25 mmHg at sea level), which can be accompanied by different degrees of right heart dysfunction (93). Due to the change from fetal blood circulation to postnatal blood circulation, pulmonary vascular resistance is continuously increased after birth, resulting in the shunting of blood from the right heart to the left heart in the atrium or ductus arteriosus, known as persistent pulmonary hypertension in newborns (PPHN) (94). The clinical manifestations of PPHN are severe hypoxemia and respiratory failure, which can be complicated with cardiac insufficiency, multiple organ failure, and disseminated intravascular coagulation. The incidence rate of PPHN is ~1.2–4.6/1,000 live births, and the mortality rate is ~10–20%. Some patients even suffer chronic lung disease and neurodevelopmental sequelae after rehabilitation (95). Early diagnosis and appropriate treatment are of great significance to improve the prognosis and reduce mortality.



Application of BNP in PPHN

For infants without congenital heart disease, BNP is a simple and non-interference measurement index to evaluate PPHN. The study of Fu and Zhang (96) found that the BNP had good correlation with the echocardiography index (recent “gold standard”), such as right atrial pressure (RA), right ventricular pressure (RV), and tricuspid regurgitation pressure gradient (TRPG). Compared to echocardiography, BNP is simpler and more widely available, so it can be used as an alternative index of echocardiography for PPHN screening. Reynolds et al. (97) found that BNP is a non-interference index. BNP is unaffected by the administration of cardiovascular drugs and has no correlation with oxygenation index, alveolar-arterial oxygenation gradient, or urine volume. As a non-interference index in complicated clinical conditions, BNP may have a broader prospect in the application of PPHN.

BNP can be used in the diagnosis of PPHN. Previous studies have found that plasma BNP in infants with PPHN is significantly higher, as shown in Table 5 (97–100). Reynolds et al. (97) found that BNP could be used to differentiate PPHN from other respiratory diseases in patients with hypoxemia. Furthermore, Avitabile et al. (99) found that BNP had high specificity and positive predictive value in the diagnosis of PPHN and suggested that BNP could be used as a screening index for PPHN (Table 5).


Table 5. BNP in the diagnosis of PPHN.
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BNP can be used to evaluate the severity of PPHN and to judge the prognosis and therapeutic effect. Reynolds et al. (97) found a strong correlation between the deterioration of clinical condition and increased BNP. Lewis (98) found that the initial BNP value of deceased patients with PPHN was significantly higher, suggesting that the initial BNP value can be used as an index to evaluate the prognosis of PPHN. Moreover, the BNP value decreased significantly in patients with effective treatment, suggesting that BNP can be used as an indicator of treatment effect evaluation and clinical follow-up. Behere et al. (101) also found that the probability of long-term complications and death was significantly higher in patients with higher initial BNP values, suggesting a poor prognosis. Furthermore, Fu and Zhang (96) found that the burst secretion of BNP may occur in the early stage of ventricular decompensation, which is the theoretical basis of BNP changes indicating PPHN deterioration. They also showed that the sensitivity, specificity, and accuracy were 88.97, 91.13, and 87.62%, respectively, in the prediction of poor prognosis by plasma BNP level.

Continuous measurement of the plasma BNP level is helpful to evaluate the clinical progress of PPHN and give corresponding management. Vijlbrief et al. (102) found that continuous monitoring of plasma BNP value during the cessation of treatment is helpful to predict recurrence. For recurrent patients, the plasma BNP value increased significantly after stopping treatment, and the change of BNP value was earlier than clinical manifestation. Therefore, they suggest to involve the BNP value as a predictor for stopping treatment in those PPHN infants. For infants with respiratory distress, hypoxemia, and BNP elevation, clinicians should be alert to the possibility of PPHN, make a clear diagnosis as soon as possible, and implement high-level nursing measures and supportive treatment. As the rapid rise of BNP in patients with PPHN may indicate poor curative effect or worsening of the disease, the treatment plan should be adjusted to perform timely ventilation intervention.




Application of BNP in Other Neonatal Respiratory Diseases
 
Application of BNP in Bronchopulmonary Dysplasia (BPD)

BPD is a respiratory disease that mainly affects premature infants and low birth weight infants and is related to prenatal lung injury or postpartum mechanical ventilation. Due to damage of the lung structure and function, patients with BPD are more prone to respiratory tract infection, chronic lung disease, and chronic pulmonary heart disease in the whole life process (103). The incidence of PH secondary to BPD (BPD-PH) is 18–43% (104), and the mortality rate at 2 years is up to 48% (101), representing a serious complication and an important cause of death. Screening and early diagnosis of infants with high risk of secondary pulmonary hypertension are conducive to early prevention, active monitoring and treatment, and improved prognosis.

The plasma BNP level can be used in the diagnosis, assessment, and prognosis evaluation of patients with BPD. Kalra et al. (104) found that the BNP level of premature infants with BPD was significantly higher, and that the plasma BNP concentration was positively correlated with the severity of disease. Infants with high BNP levels require longer mechanical ventilation and supportive treatment. They also highlighted that the increase in BNP may be related to the increase in pulmonary vascular pressure and the impairment of ventricular function; therefore, the determination of plasma BNP is helpful for risk stratification and treatment choice.



Application of BNP in CDH (Congenital Diaphragmatic Hernia)

CDH is a pediatric clinical emergency involving the respiratory and circulatory symptoms, respiratory failure caused by pulmonary hypoplasia and pulmonary hypertension is the main cause of death (105).

Partridge et al. (106) found that the plasma BNP concentration was significantly higher in patients with secondary pulmonary hypertension and that the BNP concentration gradually decreased to the normal level after effective surgery for CDH. They also suggested that BNP can be used to monitor the complications of CDH and to evaluate the therapeutic efficacy.

BNP can also be used to judge the prognosis of infants with CDH, as an assistant index of echocardiography. Steurer et al. (107) found that the plasma BNP concentration was significantly higher on the first day after birth in CDH infants with poor prognosis, while the accuracy of echocardiography in predicting the prognosis of CDH infants within 1 week after birth was poor. Moreover, Guslits et al. (108) found that for infants with CDH, a high BNP concentration 3–5 weeks after birth indicated that pulmonary hypertension had not been relieved, and the BNP concentration was an efficient index to judge the prognosis.



Application of BNP in Idiopathic Respiratory Distress Syndrome (IRDS)

IRDS is related to the deficiency of pulmonary surfactant and incomplete development of lung structure and has a higher incidence rate in preterm infants. Patients usually present with progressive dyspnea, intractable hypoxemia, and respiratory distress rapidly after birth. Severe cases can involve respiratory failure and multiple organ dysfunction and may eventually lead to death (109, 110).

For infants with respiratory distress, BNP is an important index to distinguish whether the symptoms come from respiratory or circulatory system. As mentioned above, infants with respiratory failure caused by circulatory diseases may be accompanied by a significant increase in plasma BNP, which does not occur in infants with only respiratory diseases. And as Koulouri et al. (111) suggested, plasma BNP concentration can be a good index to distinguish cardiogenic dyspnea from non-cardiogenic dyspnea, and it is helpful to select the appropriate treatment.

The BNP concentration can also be used to evaluate the clinical prognosis of patents with IRDS. Reel et al. (112) found that infants with severe IRDS are more likely to secondary pulmonary hypertension and leads to the increase of plasma BNP concentration. IRDS infants with elevated plasma BNP levels required a longer duration of mechanical ventilation, showed higher mortality and worse prognosis.






AUTHOR CONTRIBUTIONS

HX contributed to writing part of the review content and checking and summarizing the content. YH contributed to writing part of the review content and the layout and planning of the article. QC contributed to consulting, collecting and sorting out the early materials, and is responsible for writing part of the review. XH contributed to the concept of research, constructive discussion, and overall arrangement. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.cn) for English language editing. We would like to thank Dr. Cheng Peng for his advice on writing the article.



REFERENCES

 1. Goetze JP, Bruneau BG, Ramos HR, Ogawa T, de Bold JA. Cardiac natriuretic peptides. Nat Rev Cardiol. (2020) 17:698–717. doi: 10.1038/s41569-020-0381-0

 2. Liang F, Gardner DG. Mechanical strain activates BNP gene transcription through a p38/NF-kappaB-dependent mechanism. J Clin Invest. (1999) 104:1603–12. doi: 10.1172/JCI7362

 3. Ruskoaho H, Leskinen H, Magga J, Taskinen P, Mäntymaa P, Vuolteenaho O, et al. Mechanisms of mechanical load-induced atrial natriuretic peptide secretion: role of endothelin, nitric oxide, angiotensin II. J Mol Med. (1997) 75:876–85. doi: 10.1007/s001090050179

 4. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol. (2007) 50:2357–68. doi: 10.1016/j.jacc.2007.09.021

 5. Nir A, Nasser N. Clinical value of NT-ProBNP and BNP in pediatric cardiology. J Card Fail. (2005) 11(5 Suppl):S76–80. doi: 10.1016/j.cardfail.2005.04.009

 6. Blohm ME, Arndt F, Fröschle GM, Langenbach N, Sandig J, Vettorazzi E, et al. Cardiovascular biomarkers in amniotic fluid, umbilical arterial blood, umbilical venous blood, and maternal blood at delivery, and their reference values for full-term, singleton, cesarean deliveries. Front Pediatr. (2019) 7:271. doi: 10.3389/fped.2019.00271

 7. Vijlbrief DC, Benders MJ, Kemperman H, van Bel F, deVries BW. Use of cardiac biomarkers in neonatology. Pediatr Res. (2012) 72:337–43. doi: 10.1038/pr.2012.88

 8. Koch A, Singer H. Normal values of B type natriuretic peptide in infants, children, and adolescents. Heart. (2003) 89:875–8. doi: 10.1136/heart.89.8.875

 9. Kunii Y, Kamada M, Ohtsuki S, Araki T, Kataoka K, Kageyama M, et al. Plasma brain natriuretic peptide and the evaluation of volume overload in infants and children with congenital heart disease. Acta Med Okayama. (2003) 57:191–7. doi: 10.18926/AMO/32809

 10. Soldin SJ, Soldin OP, Boyajian AJ, Taskier SM. Pediatric brain natriuretic peptide and N-terminal pro-brain natriuretic peptide reference intervals. Clin Chim Acta. (2006) 366:304–8. doi: 10.1016/j.cca.2005.11.005

 11. Mannarino S, Ciardelli L, Garofoli F, Perotti G, Mongini E, Damiano S, et al. Correlation between cord blood, perinatal BNP values and echocardiographic parameters in healthy Italian newborns. Early Hum Dev. (2009) 85:13–7. doi: 10.1016/j.earlhumdev.2008.05.008

 12. Cantinotti M, Vittorini S, Storti S, Prontera C, Murzi M, Lucia D, et al. Diagnostic accuracy and clinical relevance of brain natriuretic peptide assay in pediatric patients with congenital heart diseases. J Cardiovasc Med. (2009) 10:706–13. doi: 10.2459/JCM.0b013e32832c15fb

 13. Cantinotti M, Storti S, Parri MS, Murzi M, Clerico A. Reference values for plasma B-type natriuretic peptide in the first days of life. Clin Chem. (2009) 55:1438–40. doi: 10.1373/clinchem.2009.126847

 14. Mannarino S, Garofoli F, Mongini E, Cerbo RM, Codazzi AC, Tzialla C, et al. BNP concentrations and cardiovascular adaptation in preterm and fullterm newborn infants. Early Hum Dev. (2010) 86:295–8. doi: 10.1016/j.earlhumdev.2010.04.003

 15. Garofoli F, Mannarino S, Montanari L, Cerbo R, Tzialla C, Mazzucchelli I, et al. Variation of B-type natriuretic peptide concentrations and intrauterine growth restriction: mother, fetus and newborn. J Biol Regul Homeost Agents. (2012) 26:733–9. doi: 10.1016/j.cellimm.2012.10.006

 16. Cantinotti M, Walters HL, Crocetti M, Marotta M, Murzi B, Clerico A. BNP in children with congenital cardiac disease: is there now sufficient evidence for its routine use?. Cardiol Young. (2015) 25:424–37. doi: 10.1017/S1047951114002133

 17. Rodriguez D, Garcia-Rivas G, Laresgoiti-Servitje E, Yañez J, Torre-Amione G, Jerjes-Sanchez C. B-type natriuretic peptide reference interval of newborns from healthy and pre-eclamptic women: a prospective, multicentre, cross-sectional study. BMJ Open. (2018) 8:e022562. doi: 10.1136/bmjopen-2018-022562

 18. Neves AL, Henriques-Coelho T, Leite-Moreira A, Areias CJ. The utility of brain natriuretic peptide in pediatric cardiology: a review. Pediatr Crit Care Med. (2016) 17:e529–38. doi: 10.1097/PCC.0000000000000966

 19. Tauber KA, Doyle R, Granina E, Munshi U. B-type natriuretic peptide levels normalise in preterm infants without a patent ductus arteriosus by the fifth postnatal day. Acta Paediatr. (2016) 105:e352–5. doi: 10.1111/apa.13480

 20. Torres X, Bennasar M, García-Otero L, Martínez-Portilla RJ, Valenzuela-Alcaraz B, Crispi F, et al. Uncomplicated monochorionic twins: two normal hearts sharing one placenta. J Clin Med. (2020) 9:3602. doi: 10.3390/jcm9113602

 21. Kirk R, Dipchand AI, Rosenthal DN, Addonizio L, Burch M, Chrisant M, et al. The international society for heart and lung transplantation guidelines for the management of pediatric heart failure: executive summary. J Heart Lung Transplant. (2014) 33:888–909. doi: 10.1016/j.healun.2014.06.002

 22. Levy PT, Tissot C, Horsberg Eriksen B, Nestaas E, Rogerson S, McNamara PJ, et al. Application of neonatologist performed echocardiography in the assessment and management of neonatal heart failure unrelated to congenital heart disease. Pediatr Res. (2018) 84:78–88. doi: 10.1038/s41390-018-0075-z

 23. Iwanaga Y, Nishi I, Furuichi S, Noguchi T, Sase K, Kihara Y, et al. B-type natriuretic peptide strongly reflects diastolic wall stress in patients with chronic heart failure: comparison between systolic and diastolic heart failure. J Am Coll Cardiol. (2006) 47:742–8. doi: 10.1016/j.jacc.2005.11.030

 24. Cantinotti M, Law Y, Vittorini S, Crocetti M, Marco M, Murzi B, et al. The potential and limitations of plasma BNP measurement in the diagnosis, prognosis, and management of children with heart failure due to congenital cardiac disease: an update. Heart Fail Rev. (2014) 19:727–42. doi: 10.1007/s10741-014-9422-2

 25. Cantinotti M. B-Type cardiac natriuretic peptides in the neonatal and pediatric intensive care units. J Pediatr Intensive Care. (2016) 5:189–97. doi: 10.1055/s-0036-1583543

 26. Cowley CG, Bradley JD, Shaddy ER. B-type natriuretic peptide levels in congenital heart disease. Pediatr Cardiol. (2004) 25:336–40. doi: 10.1007/s00246-003-0461-z

 27. Holmgren D, Westerlind A, Lundberg PA, Wåhlander H. Increased plasma levels of natriuretic peptide type B and A in children with congenital heart defects with left compared with right ventricular volume overload or pressure overload. Clin Physiol Funct Imaging. (2005) 25:263–9. doi: 10.1111/j.1475-097X.2005.00622.x

 28. Koch A, Zink S, Singer H. B-type natriuretic peptide in paediatric patients with congenital heart disease. Eur Heart J. (2006) 27:861–6. doi: 10.1093/eurheartj/ehi773

 29. Penny DJ, Vick GW III. Ventricular septal defect. Lancet. (2011) 377:1103–12. doi: 10.1016/S0140-6736(10)61339-6

 30. Suda K, Matsumura M, Matsumoto M. Clinical implication of plasma natriuretic peptides in children with ventricular septal defect. Pediatr Int. (2003) 45:249–54. doi: 10.1046/j.1442-200X.2003.01716.x

 31. Jan SL, Fu YC, Hwang B, Lin JS. B-type natriuretic peptide in children with atrial or ventricular septal defect: a cardiac catheterization study. Biomarkers. (2012) 17:166–71. doi: 10.3109/1354750X.2011.649494

 32. Kavga M, Varlamis G, Giannopoulos A, Papadopoulou-Legbelou K, Varlamis S, Bompotis G, et al. Correlation of plasma B-type natriuretic peptide with shunt volume in children with congenital heart disease involving left-to-right shunt. Hellenic J Cardiol. (2013) 54:192–8.

 33. Davlouros PA, Karatza AA, Xanthopoulou I, Dimitriou G, Georgiopoulou A, Mantagos S, et al. Diagnostic role of plasma BNP levels in neonates with signs of congenital heart disease. Int J Cardiol. (2011) 147:42–6. doi: 10.1016/j.ijcard.2009.07.029

 34. Vaikunth SS, Lui GK. Heart failure with reduced and preserved ejection fraction in adult congenital heart disease. Heart Fail Rev. (2020) 25:569–81. doi: 10.1007/s10741-019-09904-z

 35. Das S, Chanani NK, Deshpande S, Maher OK. B-type natriuretic peptide in the recognition of critical congenital heart disease in the newborn infant. Pediatr Emerg Care. (2012) 28:735–8. doi: 10.1097/PEC.0b013e3182624a12

 36. Frank BS, Urban TT, Lewis K, Tong S, Cassidy C, Mitchell MB, et al. Circulating biomarkers of left ventricular hypertrophy in pediatric coarctation of the aorta. Congenit Heart Dis. (2019) 14:446–53. doi: 10.1111/chd.12744

 37. Hayakawa H, Komada Y, Hirayama M, Hori H, Ito M, Sakurai M. Plasma levels of natriuretic peptides in relation to doxorubicin-induced cardiotoxicity and cardiac function in children with cancer. Med Pediatr Oncol. (2001) 37:4–9. doi: 10.1002/mpo.1155

 38. Sengupta PP, Krishnamoorthy VK, Abhayaratna WP, Korinek J, Belohlavek M, Sundt, et al. Comparison of usefulness of tissue Doppler imaging versus brain natriuretic peptide for differentiation of constrictive pericardial disease from restrictive cardiomyopathy. Am J Cardiol. (2008) 102:357–62. doi: 10.1016/j.amjcard.2008.03.068

 39. Öner T, Özdemir R, Hazan F, Karadeniz C, Doksoz Ö, Yilmazer MM, et al. The association between brain natriuretic peptide and tissue Doppler parameters in children with hypertrophic cardiomyopathy. Bosn J Basic Med Sci. (2016) 16:58–63. doi: 10.17305/bjbms.2016.670

 40. Meyer S, Gortner L, Gottschling S, Gärtner B, Abdul-Khaliq H. Cardiogenic shock in a neonate with enterovirus myocarditis. Klinische Padiatrie. (2009) 221:444–7. doi: 10.1055/s-0029-1231075

 41. Noori NM, Teimouri A, Shahramian I. Comparison between brain natriuretic peptide and calcitonin gene-related peptide in children with dilated cardiomyopathy and controls. Niger Med J. (2017) 58:37–43. doi: 10.4103/0300-1652.218413

 42. Jiang L, Li Y, Zhang Z, Lin L, Liu X. Use of high-sensitivity cardiac troponin I levels for early diagnosis of myocardial injury after neonatal asphyxia. J Int Med Res. (2019) 47:3234–42. doi: 10.1177/0300060519831187

 43. Cetin I, Kantar A, Unal S, Cakar N. The assessment of time-dependent myocardial changes in infants with perinatal hypoxia. J Matern Fetal Neonatal Med. (2012) 25:1564–8. doi: 10.3109/14767058.2011.644365

 44. Vijlbrief DC, Benders MJ, Kemperman H, van Bel F, de Vries WB. Cardiac biomarkers as indicators of hemodynamic adaptation during postasphyxial hypothermia treatment. Neonatology. (2012) 102:243–8. doi: 10.1159/000339117

 45. Pichette M, Liszkowski M, Ducharme A. Preoperative optimization of the heart failure patient undergoing cardiac surgery. Can J Cardiol. (2017) 33:72–9. doi: 10.1016/j.cjca.2016.08.004

 46. Niedner MF, Foley JL, Riffenburgh RH, Bichell DP, Peterson BM, Rodarte A. B-type natriuretic peptide: perioperative patterns in congenital heart disease. Congenital Heart Dis. (2010) 5:243–55. doi: 10.1111/j.1747-0803.2010.00396.x

 47. Cantinotti M, Storti S, Lorenzoni V, Murzi B, Marotta M, Crocetti M, et al. Response of cardiac endocrine function to surgery stress is age dependent in neonates and children with congenital heart defects: consequences in diagnostic and prognostic accuracy of brain natriuretic peptide measurement. Pediatr Crit Care Med. (2013) 14:508–17. doi: 10.1097/PCC.0b013e31828a89b9

 48. Kim JW, Gwak M, Shin WJ, Kim HJ, Park PH, Yu JJ. Preoperative factors as a predictor for early postoperative outcomes after repair of congenital transposition of the great arteries. Pediatr Cardiol. (2015) 36:537–42. doi: 10.1007/s00246-014-1046-8

 49. Kanazawa T, Egi M, Toda Y, Shimizu K, Sugimoto K, Iwasaki T, et al. Perioperative brain natriuretic peptide in pediatric cardiac surgery patients: its association with postoperative outcomes. J Cardiothorac Vasc Anesth. (2017) 31:537–42. doi: 10.1053/j.jvca.2016.09.008

 50. Nahum E, Pollak U, Dagan O, Amir G, Frenkel G, Birk E. Predictive value of B-type natriuretic peptide level on the postoperative course of infants with congenital heart disease. Isr Med Assoc J. (2013) 15:216–20. doi: 10.1016/j.aprim.2012.12.013

 51. Butts RJ, Zak V, Hsu D, Cnota J, Colan SD, Hehir D, et al. Factors associated with serum B-type natriuretic peptide in infants with single ventricles. Pediatr Cardiol. (2014) 35:879–87. doi: 10.1007/s00246-014-0872-z

 52. Shane AL, Sánchez PJ, Stoll JB. Neonatal sepsis. Lancet. (2017) 390:1770–80. doi: 10.1016/S0140-6736(17)31002-4

 53. Pandompatam G, Kashani K, Vallabhajosyula S. The role of natriuretic peptides in the management, outcomes and prognosis of sepsis and septic shock. Rev Bras Ter Intensiva. (2019) 31:368–78. doi: 10.5935/0103-507X.20190060

 54. Bhandari B, Cunningham J. The role of brain natriuretic peptide as a prognostic marker for sepsis. Cureus. (2020) 12:e8954. doi: 10.7759/cureus.8954

 55. Raj S, Killinger JS, Gonzalez JA, Lopez L. Myocardial dysfunction in pediatric septic shock. J Pediatr. (2014) 164:72–77.e72. doi: 10.1016/j.jpeds.2013.09.027

 56. Lautz AJ, Wong HR, Ryan TD, Statile JC. Myocardial dysfunction is independently associated with mortality in pediatric septic shock. Crit Care Explor. (2020) 2:e0231. doi: 10.1097/CCE.0000000000000231

 57. Williams FZ, Sachdeva R, Travers CD, Walson KH, Hebbar BK. Characterization of myocardial dysfunction in fluid- and catecholamine-refractory pediatric septic shock and its clinical significance. J Intensive Care Med. (2019) 34:17–25. doi: 10.1177/0885066616685247

 58. Benitz WE. Patent ductus arteriosus in preterm infants. Pediatrics. (2016) 137. doi: 10.1542/peds.2015-3730

 59. Jain A, Shah PS. Diagnosis, evaluation, and management of patent ductus arteriosus in preterm neonates. JAMA Pediatr. (2015) 169:863–72. doi: 10.1001/jamapediatrics.2015.0987

 60. Sanjeev S, Pettersen M, Lua J, Thomas R, Shankaran S, L'Ecuyer T. Role of plasma B-type natriuretic peptide in screening for hemodynamically significant patent ductus arteriosus in preterm neonates. J Perinatol. (2005) 25:709–13. doi: 10.1038/sj.jp.7211383

 61. Choi BM, Lee KH, Eun BL, Yoo KH, Hong YS, Son CS, et al. Utility of rapid B-type natriuretic peptide assay for diagnosis of symptomatic patent ductus arteriosus in preterm infants. Pediatrics. (2005) 115:e255–61. doi: 10.1542/peds.2004-1837

 62. Flynn PA, da Graca RL, Auld PA, Nesin M, Kleinman CS. The use of a bedside assay for plasma B-type natriuretic peptide as a biomarker in the management of patent ductus arteriosus in premature neonates. J Pediatr. (2005) 147:38–42. doi: 10.1016/j.jpeds.2005.03.040

 63. Czernik C, Lemmer J, Metze B, Koehne PS, Mueller C, Obladen M. B-type natriuretic peptide to predict ductus intervention in infants <28 weeks. Pediatr Res. (2008) 64:286–90. doi: 10.1203/PDR.0b013e3181799594

 64. Kalra VK, DeBari VA, Zauk A, Kataria P, Myridakis D, Kiblawi F. Point-of-care testing for B-type natriuretic peptide in premature neonates with patent ductus arteriosus. Ann Clin Lab Sci. (2011) 41:131–7. doi: 10.1097/PAI.0b013e3181f1ef0b

 65. Kim JS, Shim EJ. B-type natriuretic peptide assay for the diagnosis and prognosis of patent ductus arteriosus in preterm infants. Korean Circ J. (2012) 42:192–6. doi: 10.4070/kcj.2012.42.3.192

 66. Lee JH, Shin JH, Park KH, Rhie YJ, Park MS, Choi MB. Can early B-type natriuretic peptide assays predict symptomatic patent ductus arteriosus in extremely low birth weight infants? Neonatology. (2013) 103:118–22. doi: 10.1159/000343034

 67. Mine K, Ohashi A, Tsuji S, Nakashima J, Hirabayashi M, Kaneko K. B-type natriuretic peptide for assessment of haemodynamically significant patent ductus arteriosus in premature infants. Acta Paediatr. (2013) 102:e347–52. doi: 10.1111/apa.12273

 68. Gao X, Ren Y, Hei M, Yang B, Li M, Su M, et al. Value of B-type natriuretic peptide in diagnosis and treatment of haemodynamically significant patent ductus arteriosus in early preterm infants. Chinese J Appl Clin Pediatrics. (2016) 31:1072–5.

 69. Lee NR, Bae MH, Han YM, Park KH, Shin-Yun B. Effectiveness of B-type natriuretic peptide in caring for preterm infants. Perinatology. (2018) 29:78–82. doi: 10.14734/PN.2018.29.2.78

 70. Parra-Bravo JR, Valdovinos-Ponce MT, García H, Núñez-Enríquez JC, Jiménez-Cárdenas ML, Avilés-Monjaraz R, et al. B-type brain natriuretic peptide as marker of hemodynamicoverload of the patent ductus arteriosus in the preterm infant. Arch Cardiol Mex. (2021) 91:16–23. doi: 10.24875/ACME.M21000172

 71. Jeong HA, Shin J, Kim E, Lee EH, Choi BM, Son CS, et al. Correlation of B-type natriuretic peptide levels and echocardiographic parameters in preterm infants with patent ductus arteriosus. Korean J Pediatr. (2016) 59:183–9. doi: 10.3345/kjp.2016.59.4.183

 72. Kulkarni M, Gokulakrishnan G, Price J, Fernandes CJ, Leeflang M, Pammi M. Diagnosing significant PDA using natriuretic peptides in preterm neonates: a systematic review. Pediatrics. (2015) 135:e510–25. doi: 10.1542/peds.2014-1995

 73. König K, Guy KJ, Drew SM, Barfield PC. B-type and N-terminal pro-B-type natriuretic peptides are equally useful in assessing patent ductus arteriosus in very preterm infants. Acta Paediatr. (2015) 104:e139–42. doi: 10.1111/apa.12892

 74. Elsayed Y, Seshia M, Soni R, Buffo I, Baier RJ, McNamara PJ, et al. Pre-symptomatic prediction of morbitidies in preterm infants with patent ductus arteriosus by targeted neonatal echocardiography and brain-type natriuretic peptide. J Pediatric Neonatal Individual Med. (2016) 5. doi: 10.7363/050210

 75. Olsson KW, Larsson A, Jonzon A, Sindelar R. Exploration of potential biochemical markers for persistence of patent ductus arteriosus in preterm infants at 22-27 weeks' gestation. Pediatr Res. (2019) 86:333–8. doi: 10.1038/s41390-018-0182-x

 76. Elsayed Y, Seshia M, Baier RJ, Dakshinamurti S. Serial serum brain-type natriuretic peptide (BNP) identifies compromised blood flow in infants with hemodynamically significant patent ductus arteriosus. J Pediatric Neonatal Individual Med. (2017) 6:333–8.

 77. Mitra S, Florez ID, Tamayo ME, Mbuagbaw L, Vanniyasingam T, Veroniki AA, et al. Association of placebo, indomethacin, ibuprofen, and acetaminophen with closure of hemodynamically significant patent ductus arteriosus in preterm infants: a systematic review and meta-analysis. JAMA. (2018) 319:1221–38. doi: 10.1001/jama.2018.1896

 78. Hsu JH, Yang SN, Chen HL, Tseng HI, Da ZK, Wu JR. B-type natriuretic peptide predicts responses to indomethacin in premature neonates with patent ductus arteriosus. J Pediatr. (2010) 157:79–84. doi: 10.1016/j.jpeds.2009.12.045

 79. Oh SH, Lee BS, Jung E, Oh MY, Do HJ, Kim EA, et al. Plasma B-type natriuretic peptide cannot predict treatment response to ibuprofen in preterm infants with patent ductus arteriosus. Sci Rep. (2020) 10:4430. doi: 10.1038/s41598-020-61291-w

 80. Shin J, Lee EH, Lee JH, Choi BM, Hong SY. Individualized ibuprofen treatment using serial B-type natriuretic peptide measurement for symptomatic patent ductus arteriosus in very preterm infants. Korean J Pediatr. (2017) 60:175–180. doi: 10.3345/kjp.2017.60.6.175

 81. King R, Colon M, Stanfel L, Tauber AK. Late acetaminophen therapy for patent ductus arteriosus in the preterm neonate. J Pediatr Pharmacol Ther. (2020) 25:507–13. doi: 10.5863/1551-6776-25.6.507

 82. GBD 2017 Congenital Heart Disease Collaborators. Global, regional, and national burden of congenital heart disease, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health. (2020) 4:185–200. doi: 10.1016/S2352-4642(19)30402-X

 83. Khoshnood B, Lelong N, Houyel L, Thieulin AC, Jouannic JM, Magnier S, et al. Prevalence, timing of diagnosis and mortality of newborns with congenital heart defects: a population-based study. Heart. (2012) 98:1667–73. doi: 10.1136/heartjnl-2012-302543

 84. Hinton RB, Ware SM. Heart failure in pediatric patients with congenital heart disease. Circ Res. (2017) 120:978–94. doi: 10.1161/CIRCRESAHA.116.308996

 85. Sugimoto M, Kuwata S, Kurishima C, Kim JH, Iwamoto Y, Senzaki H. Cardiac biomarkers in children with congenital heart disease. World J Pediatr. (2015) 11:309–15. doi: 10.1007/s12519-015-0039-x

 86. Hopkins WE, Chen Z, Fukagawa NK, Hall C, Knot HJ, LeWinter MM. Increased atrial and brain natriuretic peptides in adults with cyanotic congenital heart disease: enhanced understanding of the relationship between hypoxia and natriuretic peptide secretion. Circulation. (2004) 109:2872–7. doi: 10.1161/01.CIR.0000129305.25115.80

 87. Maher KO, Reed H, Cuadrado A, Simsic J, Mahle WT, Deguzman M, et al. B-type natriuretic peptide in the emergency diagnosis of critical heart disease in children. Pediatrics. (2008) 121:e1484–8. doi: 10.1542/peds.2007-1856

 88. Law YM, Hoyer AW, Reller MD, Silberbach M. Accuracy of plasma B-type natriuretic peptide to diagnose significant cardiovascular disease in children: the Better Not Pout Children! Study. J Am Coll Cardiol. (2009) 54:1467–75. doi: 10.1016/j.jacc.2009.06.020

 89. Cantinotti M, Storti S, Ripoli A, Zyw L, Crocetti M, Assanta N, et al. Diagnostic accuracy of B-type natriuretic hormone for congenital heart disease in the first month of life. Clin Chem Lab Med. (2010) 48:1333–8. doi: 10.1515/CCLM.2010.251

 90. Cantinotti M, Passino C, Storti S, Ripoli A, Zyw L, Clerico A. Clinical relevance of time course of BNP levels in neonates with congenital heart diseases. Clin Chim Acta. (2011) 412:2300–4. doi: 10.1016/j.cca.2011.08.030

 91. Sahin-Uysal N, Gulumser C, Kocaman E, Varan B, Bayraktar N, Yanik F. Maternal and cord blood homocysteine, vitamin B12, folate, and B-type natriuretic peptide levels at term for predicting congenital heart disease of the neonate: a case-control study. J Matern Fetal Neonatal Med. (2020) 33:2649–56. doi: 10.1080/14767058.2019.1633300

 92. Dasgupta S, Kelleman M, Slesnick T, Oster EM. Cardiomegaly on chest radiographs as a predictor of heart disease in the pediatric population. Am J Emerg Med. (2020) 38:855–9. doi: 10.1016/j.ajem.2019.06.045

 93. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS guidelines for the diagnosis and treatment of pulmonary hypertension: the joint task force for the diagnosis and treatment of pulmonary hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. (2016) 37:67–119. doi: 10.1093/eurheartj/ehv317

 94. Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, et al. Pediatric pulmonary hypertension: guidelines from the American Heart Association and American Thoracic Society. Circulation. (2015) 132:2037–99. doi: 10.1161/CIR.0000000000000329

 95. Nakwan N, Jain S, Kumar K, Hosono S, Hammoud M, Elsayed YY, et al. An Asian multicenter retrospective study on persistent pulmonary hypertension of the newborn: incidence, etiology, diagnosis, treatment and outcome. J Matern Fetal Neonatal Med. (2020) 33:2032–7. doi: 10.1080/14767058.2018.1536740

 96. Fu L, Zhang X. Correlation between changes in brain natriuretic peptide and echocardiographic features in persistent pulmonary hypertension of newborn. J Matern Fetal Neonatal Med. (2020) 33:2176–80. doi: 10.1080/14767058.2018.1543392

 97. Reynolds EW, Ellington JG, Vranicar M, Bada SH. Brain-type natriuretic peptide in the diagnosis and management of persistent pulmonary hypertension of the newborn. Pediatrics. (2004) 114:1297–304. doi: 10.1542/peds.2004-0525

 98. Latif MA, Hammad B, Mikhael N, Elmirahem M. Role of brain-type natriuretic peptide in rapid diagnosis and prognosis of persistent pulmonary hypertension of the newborn. Alex J Pediatr. (2017) 30:11–6. doi: 10.4103/ajop.Ajop_3_17

 99. Avitabile CM, Ansems S, Wang Y, Fraga MV, Kirpalani HM, Zhang H, et al. Accuracy of brain natriuretic peptide for diagnosing pulmonary hypertension in severe bronchopulmonary dysplasia. Neonatology. (2019) 116:147–53. doi: 10.1159/000499082

 100. Kandasamy J. B-type natriuretic peptide is a biomarker for pulmonary hypertension in preterm infants with bronchopulmonary dysplasia. Res Rep Neonatol. (2013) 3:33–6. doi: 10.2147/RRN.S42236

 101. Behere S, Alapati D, McCulloch AM. Screening echocardiography and brain natriuretic peptide levels predict late pulmonary hypertension in infants with bronchopulmonary dysplasia. Pediatr Cardiol. (2019) 40:973–9. doi: 10.1007/s00246-019-02100-8

 102. Vijlbrief DC, Benders MJ, Kemperman H, van Bel F, de Vries BW. B-type natriuretic peptide and rebound during treatment for persistent pulmonary hypertension. J Pediatr. (2012) 160:111–5.e111. doi: 10.1016/j.jpeds.2011.06.038

 103. Duijts L, van Meel ER, Moschino L, Baraldi E, Barnhoorn M, Bramer WM, et al. European Respiratory Society guideline on long-term management of children with bronchopulmonary dysplasia. Eur Respir J. (2020) 55:1900788. doi: 10.1183/13993003.00788-2019

 104. Kalra VK, Aggarwal S, Arora P, Natarajan G. B-type natriuretic peptide levels in preterm neonates with bronchopulmonary dysplasia: a marker of severity?. Pediatr Pulmonol. (2014) 49:1106–11. doi: 10.1002/ppul.22942

 105. Politis MD, Bermejo-Sánchez E, Canfield MA, Contiero P, Cragan JD, Dastgiri S, et al. Prevalence and mortality in children with congenital diaphragmatic hernia: a multi-country study. Ann Epidemiol. (2020) 56:61–9.e3. doi: 10.1016/j.annepidem.2020.11.007

 106. Partridge EA, Hanna BD, Rintoul NE, Herkert L, Flake AW, Adzick NS, et al. Brain-type natriuretic peptide levels correlate with pulmonary hypertension and requirement for extracorporeal membrane oxygenation in congenital diaphragmatic hernia. J Pediatr Surg. (2015) 50:263–6. doi: 10.1016/j.jpedsurg.2014.11.009

 107. Steurer MA, Moon-Grady AJ, Fineman JR, Sun CE, Lusk LA, Wai KC, et al. B-type natriuretic peptide: prognostic marker in congenital diaphragmatic hernia. Pediatr Res. (2014) 76:549–54. doi: 10.1038/pr.2014.136

 108. Guslits E, Steurer MA, Nawaytou H, Keller LR. Longitudinal B-Type Natriuretic peptide levels predict outcome in infants with congenital diaphragmatic hernia. J Pediatr. (2020) 229:191–8.e2. doi: 10.1016/j.jpeds.2020.09.064

 109. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, et al. The American-European Consensus Conference on ARDS. Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J Respir Crit Care Med. (1994) 149:818–24. doi: 10.1164/ajrccm.149.3.7509706

 110. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas A, et al. European consensus guidelines on the management of respiratory distress syndrome - 2019 update. Neonatology. (2019) 115:432–50. doi: 10.1159/000499361

 111. Koulouri S, Acherman RJ, Wong PC, Chan LS, Lewis BA. Utility of B-type natriuretic peptide in differentiating congestive heart failure from lung disease in pediatric patients with respiratory distress. Pediatr Cardiol. (2004) 25:341–6. doi: 10.1007/s00246-003-0578-0

 112. Reel B, Oishi PE, Hsu JH, Gildengorin G, Matthay MA, Fineman JR, et al. Early elevations in B-type natriuretic peptide levels are associated with poor clinical outcomes in pediatric acute lung injury. Pediatr Pulmonol. (2009) 44:1118–24. doi: 10.1002/ppul.21111

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Xie, Huo, Chen and Hou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-767173-t005.jpg
References

Reynolds et al. (97)
Lewis (98)
Avitabile et al. (99)
Kandasamy (100)

47

128
25

Age

<24h
<22h
<24h

BNP cutoff value (pg/ml)

650

130
17

Sensitivity (%)

83%

50%
94%

Specificity (%)

100%

92%
100%





OPS/images/fped-09-767173-t003.jpg
References

Sanjeev et al. (60)
Choiet al. (61)

Flynn et al. (62)
Czemik et al. (63)
Kalra et al. (64)

Kim and Shim (65)
Lee etal. (65)

Lee etal. (65)

Mine et al. (67)

Gao etal. (68)

Les etal. (69)
Parra-Bravo et al. (70)

14
66
20
67
52
28
3
73

B33S

Gestational age (weeks)

24-31
25-34
24-35
<28
<34
<87
Median 27.1
Median 27.1
<33
<34
<35
<32

Age

2-28d
3d
4-65d
2d
3-7d
4d
24h
24h
24-48h
2-3d
3d
3-6d

BNP cutoff value (ng/L)

70
1,110
300
550
1226
412
200
900
550
292.5
722
486.5

Sensitivity (%)

929
100
52
83
100
100
839
548

75.4

81

Specificity (%)

733
95.3
100
86
100
95
619
95.2
86
776

92





OPS/images/fped-09-767173-t004.jpg
References Disease n Age BNP cutoff value (pg/ml) Sensitivity (%) Specificity (%)

Law et al. (88) Cardiovascular diseases 42 0-7d 170 94 73
Cantinotti et al. (89) CHD 152 0-3d a7 84 66
4-30d 206 91 80
Cantinotti et al. (90) CHD 218 0-4d 363.5 78 87
5-30d 109.5 94 92
Daviouros et al. (33) hsLtR* CHD 75 12hor2d 1325 93.1 100

*hsLtR, hemodynamically significant Left to Right shunts.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Application of B-Type Natriuretic Peptide in Neonatal Diseases



		Introduction



		Manuscript Formatting



		Biological Characteristics and Physiological Functions of BNP



		Normal Value of BNP in Neonates



		Cardiac Disease



		Judgment of Cardiac Function



		Cardiac Insufficiency Caused by Volume Overload



		Cardiac Insufficiency Caused by Pressure Overload



		Cardiac Insufficiency Due to Myocardium









		Cardiac Function Management



		Perioperative Management of Cardiac Function



		Management of Cardiac Function in Sepsis









		Application of Patent Ductus Arteriosus (PDA)



		Diagnosis in Hemodynamically Significant PDA



		Determination of PDA Severity and Treatment of PDA









		Diagnosis of CHD









		Respiratory Diseases



		Application of BNP in Persistent Pulmonary Hypertension (PPHN)



		PH and Persistent Pulmonary Hypertension in Newborns (PPHN)



		Application of BNP in PPHN









		Application of BNP in Other Neonatal Respiratory Diseases



		Application of BNP in Bronchopulmonary Dysplasia (BPD)



		Application of BNP in CDH (Congenital Diaphragmatic Hernia)



		Application of BNP in Idiopathic Respiratory Distress Syndrome (IRDS)



















		Author Contributions



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Application of B-Type Natriuretic
Peptide in Neonatal Diseases





OPS/images/fped-09-767173-t001.jpg
References

Koch and Singer (8)

Kunii et al. (9)

Soldin et al. (10)
Mannarino et al. (11)

Cantinotti et al. (12)

Cantinotti et al. (13)

Mannarino et al. (14)

Garofoli et l. (15)

Cantinotti et al. (16)

Rodriguez et al. (17)

Age

o-1d
4-6d

12-24h

7d

031d

Umbilical cord blood
Day3

Day 30

0-24h

25-48h

49-96h

97-192h

8-30d

0-2d

3-4d

57d

The first 6 months
Day 3

Day 28

Umbilical cord blood
Day3

Day 30

0-2d

3-80d

Urnbilical cord blood

P S
BIBBBEI2ER

3388882288 88888

Median

231.6
48.4
1188
153
8.6
59.2
8.7
224
242
152
45
27
2435
169
45
23
65.1
89
1.4
55.2

2435
7%
125

BNP (pg/mL)

Range

Percentile: 1,585 (97.5th)
6.4-135

15.6-88.3

53-11.7

41-837

53-866

23-862

10-739

9-63

Percentile: 468.7 (90th)
Percentile: 348.0 (90th)
Percentile: 259.5 (90th)
Percentile: 37.2 (90th)
23.6-82.7 (IOR)
5.6-20.6 (CR)
7.6-15.7 (QR)
23.6-88.3 (QR)
5.8-12.4 (QR)

41-866

10-741.4

7.7-16.8 (QR)





OPS/images/fped-09-767173-t002.jpg
References

Mannarino et al. (14)

Garofoli et al. (15)

Tauber et al. (19)"

Torres et al. (20)

Gestational age (weeks)

25-36

31-35.6

24-316/7

Mean: 36.3
Mean: 39.6

*PDA, patent ductus arteriosus.

IUGR, intra uterine growth restriction.
*MDCA, monochorionic diamniotic.

Neonatal condition

Preterm without PDA*

IUGR*

Preterm without PDA

Uncomplicated MDCA*** twin

Low-risk singleton

25

43

36

50
27

Age

Day3
Day 28

Umbilical cord blood
Day 1

Day 3

Day 30

Day 1

Day 5

Day 10

Day 15

Umbilical cord blood

Median

255
156
239
406
14
11.45
%
162
10.7
83
18.14
2081

BNP (pg/mL)

Range

10.9-49 (QR)
10-22 (QR)
9.3-68.3 (IOR)
20.2-105 (QR)
4.9-44.1 (QR)
4.9-18.1 (QR)
89-213 (95% C))
11-80 (95% CI)
8.9-19.5 (95% Cl)
6.5-13.3(95% CI)
9.17-19.84 (IQR)
16.69-34.01 (QR)









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





