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Abstract

Bronchopulmonary dysplasia (BPD) is a severe complication of prematurity that impacts survival and neurodevelopment.
Currently, no early marker exists which could help clinicians identify which preterm infants will develop BPD. Given the
evidence that NTproBNP is elevated in children with BPD, we hypothesized that it could be used as an early marker of BPD
development. We conducted a prospective cohort study including very low birth weight infants (VLBWI) admitted to our NICU
between January 2015 and January 2017 in which we determined serial NTproBNP levels on days 1 and 3 and then weekly, until
49 days of life. A total of 101 patients were recruited (mean birth weight 1152 g (SD 247.5), mean gestational age 28.9 weeks (SD
1.9)). NTproBNP levels differed among infants who did and did not develop BPD from 14 to 35 days of life with the greatest
difference on day 14 of life (non-BPD group (n = 86): 1155 (IQR 852-1908) pg/mL, BPD (n = 15): 9707 (IQR 3212-29,560) pg/
mL; p =0.0003). The presence of HSPDA did not account for higher levels of NTproBNP at day 14 (p = 0.165). We calculated an
optimal cutoff point of 2264 pg/mL at 14 days of life (sensitivity 100%, specificity 86% and AUC 0.93).

Conclusions: NTproBNP at 14 days of life could be used as an early marker of later BPD development in VLBWI.

What is Known:

e Children with BPD have elevated NTproBNP levels, which are related to the severity of BPD and the development of pulmonary hypertension.
What is New:

* NTproBNP at 14 days of life is higher in those who later develop BPD, regardless of the presence of hemodynamically significant patent ductus

arteriosus.
* A calculated cutoff point of 2264 pg/mL of NTproBNP at 14 days has a sensitivity of 100% and specificity of 86% in the prediction of BPD.
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Sp Specificity

VLBWI Very low birth weight infants
Introduction

Bronchopulmonary dysplasia (BPD) is a pulmonary compli-
cation which impacts the short- and long-term outcome of
very low birth weight infants (VLBWI). Despite the increas-
ing survival rates achieved in the last decades, up to 25% of
very low birth weight infants (VLBWI) develop BPD [1].
VLBWI with BPD have an increased length of stay at hospital
and greater morbidity and mortality 2, 3].

B-type natriuretic peptide (BNP) is secreted in the ventric-
ular myocardium stimulated by volume or pressure overload.
The inactive N-terminal end of its prohormone, N-terminal
pro-B-type natriuretic peptide (NTproBNP), appears to be
more stable and have a longer half-life than BNP [4]. In recent
years, there has been increased research interest in the associ-
ation of NTproBNP with neonatal morbidities such as persis-
tent pulmonary hypertension [5], respiratory distress syn-
drome [6, 7], diaphragmatic hernia [8], and hemodynamically
significant ductus arteriosus (HsPDA) [9, 10].

NTproBNP levels are increased both at 28 days of life and
at 36 weeks postmenstrual age (PMA) related to the degree of
BPD [11, 12], and it has been suggested as a marker for BPD
associated PH [13, 14]. While a few studies have linked
NTproBNP levels in the first 72 h of life with the development
of BPD [15, 16], the role that NTproBNP levels play in the
first days of life as a predictor of BPD is unclear, given the
physiological changes in the transition from fetal to neonatal
circulation [17, 18]. This study aims to evaluate NTproBNP
levels as an early marker of BPD and to identify the earliest
time point when NTproBNP could be used as a predictive
marker of BPD in VLBWL

Materials and methods

This prospective observational study included VLBWI admit-
ted between January 2015 and January 2017 to the Neonatal
Intensive Care Unit of the University Hospital Puerta del Mar
(Cadiz, Spain). The institutional research ethics committee
approved the study, and written informed consent was obtain-
ed from the parents or guardians. Patients with birth weights
less than or equal to 1500 g (g) and gestational age of less than
or equal to 32 weeks were included. Exclusion criteria were
congenital heart disease (except patent foramen ovale or atrial
septal defect, ventricular septal defect <2 mm, or patent
ductus arteriosus (PDA)), genetic syndrome or major congen-
ital malformations, death in the first week, and lack of in-
formed consent of parents/guardians.
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The following variables were collected: gestational age, birth
weight, sex, premature rupture of membranes,
chorioamnionitis, five-minute Apgar score, clinical risk index
for babies (CRIB) [19], prenatal steroids, sepsis, intraventricu-
lar hemorrhage and/or parenchymal infarction, white matter
injury, HsPDA, retinopathy of prematurity (ROP), and necro-
tizing enterocolitis (NEC). The need for and duration of me-
chanical ventilation were also recorded. BPD was defined as
the need for oxygen or respiratory support at 36 weeks’
postmenstrual age (PMA); BPD was classified as moderate if
the infant required <30% supplemental oxygen and severe if
the infant required >30% supplemental oxygen and/or positive
pressure support [20]. We did not use any physiological chal-
lenge such as the Walsh test [21]. On each echocardiogram
HsPDA was determined by a ductal diameter greater than
1.5 mm on two-dimensional imaging, parasternal sagittal view.

Serial venous blood NTproBNP levels were performed on
days 1, 3, 7, 14, 28, 35, 42, and 49 after birth. Each 0.5 mL
blood sample was collected in ethylenediaminetetraacetic acid
(EDTA), transported at room temperature, and processed im-
mediately for analysis. NTproBNP levels were calculated
through the electroluminescence immunoassay kit (ECLIA)
with the Elecsys proBNP II test (Roche Diagnostics). The
measuring range is 5-35,000 pg/mL (defined by the limit of
detection and the maximum of the master curve); the limit of
quantification is 50 pg/mL.

Serial echocardiograms were performed on the same days
as NTproBNP level determinations. The exams were acquired
and analyzed by two neonatologists (PMA, PZR) with specif-
ic training in neonatal echocardiography and more than 5 years
of experience, using a Philips iE33, with an 8-3-Hz transducer
and following the recommendations of the American Society
of Echocardiography [22].

Statistical analysis

The quantitative variables are described as mean and standard
deviation (SD) or median and interquartile range (IQR) accord-
ing to their distribution. Qualitative variables are expressed in
frequency and percentage. The bivariate analysis was per-
formed with parametric or nonparametric techniques after
checking the normality of the distribution of the variables to
be compared (Shapiro-Wilk test). Logistic regression, adjusting
for the presence of HsSPDA, was used to analyze the predictive
value of NTproBNP in the development of BPD. The following
diagnostic accuracy indices were calculated: sensitivity (Se),
specificity (Sp), positive predictive value (PPV), negative pre-
dictive value (NPV), and the area under the curve (AUC). The
optimal cutoff point of NTproBNP is calculated using the Liu
method which maximizes the product of the sensitivity and
specificity [23]. Statistical analysis was performed using Stata
15.0 software (StataCorp, College Station, TX). A p value of <
0.05 was considered statistically significant.
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Results

During the recruitment period, 120 VLBWI were admitted to
the Neonatal Intensive Care Unit, and of those, 101 subjects
were included in the study (Fig. 1). Nine VLBWI were not
included because of death in the first week of life. Among
participants, mean birth weight was 1152 +247.45 g and mean
gestational age was 28.85 £ 1.85 weeks. Fifteen patients met
the diagnostic criteria for BPD, five moderate and ten severe.
Four of the participants died during admission, one of them
with severe BPD caused by a fungal endocarditis. The patients
who developed BPD had lower gestational age and birth
weights and were more likely to have had severe ROP and
HsPDA than non-BPD patients. They also had a higher CRIB
score and were ventilated for longer duration (Table 1).

A total of 223 blood samples were analyzed, 174 (78%)
with a paired echocardiogram. NTproBNP values differed
among BPD and non-BPD groups from day 14 to day 35 of
life (Table 2) with this difference disappearing at day 42
(Fig. 2). The greatest difference was detected at day 14, with
NTproBNP levels in the non-BPD group of 1155 (852—

120 VLBWI admitted
during the study
period (1/1/15-1/1/17)

8 declined —

1908) pg/mL and in the BPD group of 9707 (3212-
29,560) pg/mL (p =0.0003). This NTproBNP level, at day
14 of life, is associated with later development of BPD (p =
0.0001). At 14 days of life, five VLBWI had a persistent
HsPDA; only one belonged to the non-BPD group. The pres-
ence of HsPDA at any time point did not modify the relation-
ship between the NTproBNP level at day 14 and the develop-
ment of BPD (p = 0.165) nor the presence of HsPDA detected
on the paired echo at 14 days of life (p = 0.125).

When testing the diagnostic accuracy of NTproBNP levels
at day 14 for the development of BPD, we obtained a Se of
50%, Sp of 97%, PPV 75%, NPV of 92%, and an estimated
AUC 0f0.964 (95% CI 0.91-1). The optimal cutoff value of
NTproBNP levels at 14 days of life was 2264 pg/mL, with a
Se of 100%, Sp of 86%, and AUC 0.93 (Fig. 3).

Discussion

In this prospective study, we found that VLBWI who later
develop BPD have elevated NTproBNP levels from day 14
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I 1 2346GA(6dol)  emphysema
2442 GA (4 dol) Hyaline membrane,
+ o ;i
101 INCLUDED 11 EXCLUDED Hypoxemia
24+4 GA (7 dol) Acute tubular necrosis
| Hyaline membrane,
| | 2446 GA (7 dol) Hypoxemia
Severe IVH, Catastrophic
86 NO-BPD 15BPD —| 8DEATES FIRST 2541GAMdo)  gyndrome
| 2543 GA (6 dol) Necrotic tracheitis
| Massive pulmonary
I I 25+5 GA (4 dol) hemorrhage
L Massive pulmonary
3 Death 5 Moderate BPD 10 Severe BPD OTHERS 26+2 GA (4 dol) hemorrhage
Hyaline membrane,
I 27+5 GA (1 dol) Hypoxemia
27 GA (38 dol) lleal atresia. Post-surgery
. 2 Chromosomal
29 GA (12 dol) Septic Shock 1 Death | diseases
29 GA (8 dol) Cardiac tamponade

25+2 GA (100dol)

Fungal endocarditis

L_| 1 Congenital Heart
Defect

For those patients that died we report gestational age at birth (GA), timing of death (dol: days of life) and cause

Fig. 1 Flow diagram of the VLBWI population in the recruitment period
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Table 1 Perinatal variables in no-

BPD and BPD groups No-BPD (n=86) BPD (n=15) )4
Gestational age (weeks) 29.13+1.79 2727+1.3 0.0002%*
Weight (g) 1200 (600—-1500) 850 (580-1400) 0.0001*
Sex, male 45 (52.33%) 11 (72.3%) 0.13
Apgar 5 8 (4-10) 7 (4-8) 0.002%*
CRIB 1(0-7) 5(1-12) 0.0001*
Chorioamnionitis 12 (13.95%) 4 (26.67%) 0.2
Prenatal steroids (> 1 dose) 72 (83.72%) 14 (93.33%) 0.33
Cesarean section 72 (83.72%) 12 (80%) 0.72
Early onset sepsis 1(1.16%) 0 0.67
Late onset sepsis 12 (13.95%) 5 (33.33%) 0.064
Mechanical ventilation 53 (61.63%) 14 (93.33%) 0.016*
Days of mechanical ventilation 3 (0-39) 40 (0-173) 0.0001*
HsPDA 14 (16.28%) 7 (46.67%) 0.014*
Severe IVH 2 (2.33%) 1 (6.67%) 0.39
White matter injury 2 (2.33%) 1 (6.67%) 0.39
Severe ROP 7 (8.14) 5(33.33) 0.016*
NEC 3 (3.49%) 0 1.00

BPD bronchopulmonary dysplasia, HSDA hemodynamically significant patent ductus arteriosus, severe IVH
grade III intraventricular hemorrhage or parenchymal hemorrhagic infarction, severe ROP retinopathy of prema-
turity > grade 2, NEC necrotizing enterocolitis

*Statistical significance (p) < 0.05

of life. At this age, the optimal empirical cutoff point of
NTproBNP for predicting BPD development is 2264 pg/mL.

Previous studies have found elevated NTproBNP in
VLBWI with BPD, especially among the most severe cases.
Joseph et al. found that NTproBNP levels were higher in BPD
patients at 28 days of life in a sample of 34 preterm infants
under 34 weeks’ GA [11]. Kalra et al. found higher BNP
levels at 36 weeks’ PMA in VLBWI with BPD, related to
the severity of BPD [12].

Elevated levels of NTproBNP have been related to the
presence of PDA, especially in those with HsPDA [9, 10].
As PDA is more frequent in those VLBWI who develop

Table 2 NTproBNP median values (and IQR) during the first 42 days
of life according to BPD category

Days  No-BPD median (IQR)  BPD median (IQR) P

1 5246 (2095-13,629) 3808 (2728-6793) 0.69

3 4189 (1450-11,251) 9597 (5375-22,155) 0.224

7 1565 (995-2333) 11,239 (11239-11,239)  0.14

14 1155 (852-1908) 9707 (3212-29,560) 0.0003*
21 597 (364-1192) 6358 (1877-10,838) 0.025%*
28 618 (446-1522) 3525 (1085-5964) 0.043*
35 864 (441-1270) 3195 (1797-8905) 0.047*
42 1049 (862-1816) 816 (428-1030) 0.267

NTproBNP in pg/mL
BPD bronchopulmonary dysplasia, IQR interquartile range
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BPD, we tested whether the presence of HsPDA acts as a
confounder in the relationship between NTproBNP and
BPD. Consistent with the findings reported in Montaner
et al.’s retrospective study, where a greater risk of BPD or
death was found in those with elevated NTproBNP levels at
48-72 h of life, independent of HSPDA [15], we found that the
increase in NTproBNP at day 14 is independent of HsPDA.

While some studies suggest that NTproBNP levels at 12 h
of life are a good marker of myocardial function in VLBWI,
and are not influenced by GA, birth weight, or sex [24], other
studies have found that NTproBNP levels in the first 72 h of
life among VLBWI are not correlated with right and left car-
diac output or shortening fraction [25]. In our study, we did
not find significant differences in NTproBNP levels obtained
ondays 1, 3, and 7 among the BPD and non-BPD groups. The
disparity of results regarding NTproBNP levels in the first
days of life could be partly explained by the physiological
changes in the transition from fetal to neonatal circulation
[17, 18].

Few previous studies have investigated the utility of
NTproBNP as a predictor of the development of BPD beyond
the first 72 h of life. Montgomery et al. observed that higher
NTproBNP levels at 36 weeks” PMA predict the existence of
PH in patients with BPD [13], and recently, Dasgupta et al.
studied the relationship of NTproBNP with BPD and PH at
28 weeks” PMA in children under 30 weeks’ GA [26]. They
found a good correlation of NTproBNP with the development
of BPD with and without PH. Nevertheless, analyzing
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Fig. 2 Temporal evolution of NTproBNP levels in BPD and non-BPD groups. a Median values of NTproBNP levels. b Box-and-whisker plot of

NTproBNP levels

NTproBNP according to PMA instead of chronological age
could make the reproducibility of these results more difficult
by including VLBWI at different days of life. After increasing
in the first 72 h of life, NTproBNP levels decline progressive-
ly [17,27], at amuch slower rate among VLBWI who develop
BPD. This decline in accordance with chronological age sug-
gests that measurements of NTproBNP levels by days of life
may be a better approach than PMA.

The aim of our study was to identify the earliest time point
when NTproBNP could be used as a predictive marker of
BPD regardless of the later association of PH, and we there-
fore did not examine the development of PH. A recent study
by Harris et al. also studied the relationship between serial
NTproBNP levels and the development of BPD in a small
study (n =51) infants < 30-week gestational age. They found
that NTproBNP on day 10 of life was valuable for the predic-
tion of severe BPD (AUC 0.83). The cutoff point of
189 pmol/L (1598.3 pg/mL) had a Se of 84% and Sp of
75% [9]. Our study suggests that NTproBNP levels a few days
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Fig. 3 ROC curve of NTproBNP levels at day 14 of life for prediction of
later development of BPD

later, at 14 days of life, have a higher diagnostic accuracy with
an AUC of 0.964. The suggested cutoff value of 2264 pg/mL
at that age has a Se of 100% and Sp of 86%. Notably, they also
report that chronological but not corrected gestational age de-
termined NTproBNP levels.

Although our study has strengths as serial NTproBNP test-
ing paired with heart ultrasound at multiple time intervals with
good recruitment, a good size cohort, and good retention, it
has several limitations that need to be addressed. While this
study has the largest sample size published regarding in this
topic, studies with a greater sample size would strengthen our
results. In the BPD group, the existence of PH by clinical and/
or echocardiographic criteria was not analyzed, nor were the
treatments received (diuretics, steroids) that may have modi-
fied NTproBNP levels. Other weaknesses include lack of
physiological definition of BPD and small numbers with
BPD which may relate to low numbers of VLBW under
26 weeks.

Our findings suggest that NTproBNP values could be used
as a marker of BPD. As an expanding body of research there
might be in the next years answers for some of the findings we
were unable to explain, in part due to the limitations of our
study. We could hypothesize, for example, that patients with
BPD tend to normalize NTproBNP values after several weeks
of life and the increased NTproBNP values in the first week of
life could mean a delay in the physiological trajectory of
NTproBNP values.

Currently, there is no biomarker that can predict BPD risk.
We suggest that NTproBNP levels at 14 days of life could be
used as a predictive marker of BPD with an optimal cutoff
point of 2264 pg/mL. According to our results, NTproBNP
can help identify a population that might benefit from a tai-
lored therapeutic approach. Future research with the selection
of an intervention group based on this marker could be useful
to avoid the risk of exposure to different pharmacological
agents among low-risk VLBWI.

@ Springer



760

Eur J Pediatr (2019) 178:755-761

Authors’ contributions PMA: Concept/design, Data analysis/interpreta-
tion, Drafting article, Approval of article, Data collection

PZR: Concept/design, Data analysis/interpretation, Drafting article,
Approval of article, Data collection

SLL: Concept/design, Critical revision of article, Approval of article

IBF: Concept/design, Data analysis/interpretation, Critical revision of
article, Approval of article, Statistics

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Jensen EA, Schmidt B (2014) Epidemiology of bronchopulmonary
dysplasia. Birth Defects Res. A Clin. Mol. Teratol 100(3):145-157.
https://doi.org/10.1002/bdra.23235

2. Carraro S, Filippone M, Da Dalt L, Ferraro V, Maretti M, Bressan S
et al (2013) Bronchopulmonary dysplasia: the earliest and perhaps
the longest lasting obstructive lung disease in humans. Early Hum
Dev 89(Suppl 3):S3-S5. https://doi.org/10.1016/j.earlhumdev.
2013.07.015

3. Berkelhamer SK, Mestan KK, Steinhorn RH (2013) Pulmonary
hypertension in bronchopulmonary dysplasia. Semin Perinatol
37(2):124-131. https://doi.org/10.1053/j.semperi.2013.01.009

4. Lenz AM (2011) Natriuretic peptides in children. Curr Opin Pediatr
23(4):452-459

5. Konig K, Guy KJ, Walsh G, Drew SM, Barfield CP (2016)
Association of BNP, NTproBNP, and early postnatal pulmonary
hypertension in very preterm infants. Pediatr Pulmonol 51(8):
820-824. https://doi.org/10.1002/ppul.23391

6. Reynolds EW, Ellington JG, Vranicar M, Bada HS (2004) Brain-
type natriuretic peptide in the diagnosis and Management of
Persistent Pulmonary Hypertension of the newborn. Pediatrics
114(5):1297-1304. https://doi.org/10.1542/peds.2004-0525

7. Markovic-Sovtic G, Kosutic J, Jankovic B, Bojanin D, Sovtic A,
Radojicic Z, Rakonjac MZ (2014) N-terminal pro-brain natriuretic
peptide in the assessment of respiratory distress in term neonates.
Pediatr Int 56(3):373-377. https://doi.org/10.1111/ped.12258

8. Snoek KG, Kraemer US, ten Kate CA, Greenough A, van Heijst A,
Capolupo I, Schaible T, van Rosmalen J, Wijnen RM, Reiss IKM,
Tibboel D (2016) High-sensitivity troponin T and N-terminal pro-
brain natriuretic peptide in prediction of outcome in congenital
diaphragmatic hernia: results from a multicenter, randomized con-
trolled trial. J Pediatr 173:245-249.e4. https://doi.org/10.1016/j.
jpeds.2016.03.026

9. Harris SL, More K, Dixon B, Troughton R, Pemberton C, Horwood
J, Ellis N, Austin N (2018) Factors affecting N-terminal pro-B-type
natriuretic peptide levels in preterm infants and use in determination
of haemodynamic significance of patent ductus arteriosus. Eur J

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pediatr 177(4):521-532. https://doi.org/10.1007/s00431-018-
3089-y

Kulkarni M, Gokulakrishnan G, Price J, Fernandes CJ, Leeflang M,
Pammi M (2015) Diagnosing significant PDA using natriuretic
peptides in preterm neonates: a systematic review. Pediatrics
135(2):e510—525. https://doi.org/10.1542/peds.2014-1995
Joseph L, Nir A, Hammerman C, Goldberg S, Ben Shalom E,
Picard E (2010) N-terminal pro-B-type natriuretic peptide as a
marker of bronchopulmonary dysplasia in premature infants. Am
J Perinatol 27(05):381-386. https://doi.org/10.1055/s-0029-
1243312

Kalra VK, Aggarwal S, Arora P, Natarajan G (2014) B-type natri-
uretic peptide levels in preterm neonates with bronchopulmonary
dysplasia: a marker of severity? Pediatr Pulmonol 49(11):1106—
1111. https://doi.org/10.1002/ppul.22942

Montgomery AM, Bazzy-Asaad A, Asnes JD, Bizzarro MJ,
Ehrenkranz RA, Weismann CG (2016) Biochemical screening for
pulmonary hypertension in preterm infants with bronchopulmonary
dysplasia. Neonatology 109(3):190-194. https://doi.org/10.1159/
000442043

Kénig K, Guy KJ, Nold-Petry CA, Barfield CP, Walsh G, Drew
SM, Veldman A, Nold MF, Casalaz DM (2016) BNP, troponin I,
and YKL-40 as screening markers in extremely preterm infants at
risk for pulmonary hypertension associated with
bronchopulmonary dysplasia. Am J Physiol Lung Cell Mol
Physiol 311(6):L1076-L1081. https://doi.org/10.1152/ajplung.
00344.2016

Montaner A, Pinillos R, Galve Z, Boix H, de la cuesta C, Jimenez L,
Samper P, Rite S (2017) Brain natriuretic Propeptide as an early
marker of bronchopulmonary dysplasia or death in the preterm
newborn. Klin Pédiatrie 229(04):223-228. https://doi.org/10.
1055/s-0043-111597

Sellmer A, Hjortdal VE, Bjerre JV, Schmidt MR, McNamara PJ,
Bech BH et al (2015) N-terminal pro-B type natriuretic peptide as a
marker of bronchopulmonary dysplasia or death in very preterm
neonates: a cohort study. PLoS One 10(10):¢0140079. https://doi.
org/10.1371/journal.pone.0140079

Mannarino S, Garofoli F, Mongini E, Cerbo RM, Codazzi AC,
Tzialla C, Mazzucchelli I, Perotti G, Tinelli C, de Silvestri A,
Manzoni P, Stronati M (2010) BNP concentrations and cardiovas-
cular adaptation in preterm and fullterm newborn infants. Early
Hum Dev 86(5):295-298. https://doi.org/10.1016/j.carlhumdev.
2010.04.003

Mir TS, Laux R, Hellwege HH, Liedke B, Heinze C, von Buelow
H, Léer S, Weil J (2003) Plasma concentrations of aminoterminal
pro atrial natriuretic peptide and aminoterminal pro brain natriuretic
peptide in healthy neonates: marked and rapid increase after birth.
Pediatrics 112(4):896-899. https://doi.org/10.1542/peds.112.4.896
The CRIB (clinical risk index for babies) score: a tool for assessing
initial neonatal risk and comparing performance of neonatal inten-
sive care units (1993) The International Neonatal Network. Lancet
342:193-198. https://doi.org/10.1016/0140-6736(93)92296-6

Jobe AH, Bancalari E (2001) Bronchopulmonary dysplasia. Am J
Respir Crit Care Med 163(7):1723—1729. https://doi.org/10.1164/
ajreem.163.7.2011060

Walsh MC, Wilson-Costello D, Zadell A, Newman N, Fanaroff A
(2003) Safety, reliability, and validity of a physiologic definition of
bronchopulmonary dysplasia. J Perinatol 23(6):451-456. https://
doi.org/10.1038/sj.jp.7210963

Mertens L, Seri I, Marek J, Arlettaz R, Barker P, McNamara P,
Moon-Grady AJ, Coon PD, Noori S, Simpson J, Lai WW,
Writing Group of the American Society of Echocardiography
(ASE), European Association of Echocardiography (EAE),
Association for European Pediatric Cardiologists (AEPC) (2011)
Targeted neonatal echocardiography in the neonatal intensive care
unit: practice guidelines and recommendations for training. Eur J


https://doi.org/10.1002/bdra.23235
https://doi.org/10.1016/j.earlhumdev.2013.07.015
https://doi.org/10.1016/j.earlhumdev.2013.07.015
https://doi.org/10.1053/j.semperi.2013.01.009
https://doi.org/10.1002/ppul.23391
https://doi.org/10.1542/peds.2004-0525
https://doi.org/10.1111/ped.12258
https://doi.org/10.1016/j.jpeds.2016.03.026
https://doi.org/10.1016/j.jpeds.2016.03.026
https://doi.org/10.1007/s00431-018-3089-y
https://doi.org/10.1007/s00431-018-3089-y
https://doi.org/10.1542/peds.2014-1995
https://doi.org/10.1055/s-0029-1243312
https://doi.org/10.1055/s-0029-1243312
https://doi.org/10.1002/ppul.22942
https://doi.org/10.1159/000442043
https://doi.org/10.1159/000442043
https://doi.org/10.1152/ajplung.00344.2016
https://doi.org/10.1152/ajplung.00344.2016
https://doi.org/10.1055/s-0043-111597
https://doi.org/10.1055/s-0043-111597
https://doi.org/10.1371/journal.pone.0140079
https://doi.org/10.1371/journal.pone.0140079
https://doi.org/10.1016/j.earlhumdev.2010.04.003
https://doi.org/10.1016/j.earlhumdev.2010.04.003
https://doi.org/10.1542/peds.112.4.896
https://doi.org/10.1016/0140-6736(93)92296-6
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1164/ajrccm.163.7.2011060
https://doi.org/10.1038/sj.jp.7210963
https://doi.org/10.1038/sj.jp.7210963

Eur J Pediatr (2019) 178:755-761

761

23.

24.

25.

Echocardiogr 12(10):715-736. https://doi.org/10.1093/ejechocard/
jerl81

Liu X (2012) Classification accuracy and cut point selection. Stat
Med 31(23):2676-2686

El-Khuffash A, Davis PG, Walsh K, Molloy EJ (2008) Cardiac
troponin T and N-terminal-pro-B type natriuretic peptide reflect
myocardial function in preterm infants. J Perinatol 28(7):482-486.
https://doi.org/10.1038/jp.2008.21

Konig K, Guy KJ, Walsh G, Drew SM, Watkins A, Barfield CP
(2014) The relationship between BNP, NTproBNP and echocardio-
graphic measurements of systemic blood flow in very preterm in-
fants. J Perinatol 34(4):296-300. https://doi.org/10.1038/jp.2014.2

26.

27.

Dasgupta S, Aly AM, Malloy MH, Okorodudu AO, Jain SK (2018)
NTproBNP as a surrogate biomarker for early screening of pulmo-
nary hypertension in preterm infants with bronchopulmonary dys-
plasia. J Perinatol 38(9):1252—1259. https://doi.org/10.1038/
s41372-018-0164-1

Da Graca RL, Hassinger DC, Flynn PA, Sison CP, Nesin M, Auld
PAM (2006) Longitudinal changes of brain-type natriuretic peptide
in preterm neonates. Pediatrics 117(6):2183-2189. https://doi.org/
10.1542/peds.2005-1387

@ Springer


https://doi.org/10.1093/ejechocard/jer181
https://doi.org/10.1093/ejechocard/jer181
https://doi.org/10.1038/jp.2008.21
https://doi.org/10.1038/jp.2014.2
https://doi.org/10.1038/s41372-018-0164-1
https://doi.org/10.1038/s41372-018-0164-1
https://doi.org/10.1542/peds.2005-1387
https://doi.org/10.1542/peds.2005-1387

	NTproBNP is a useful early biomarker of bronchopulmonary dysplasia in very low birth weight infants
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	References


