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ORIGINAL ARTICLE

Predictive Value of Blood N-Terminal Pro-Brain
Natriuretic Peptide Concentrations for Early Patent
Ductus Closure in Very Preterm Infants
Solomiia Potsiurko*, Dmytro Dobryanskyy, Lesya Sekretar
Department of Pediatrics No.2, Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Abstract
Objectives: It has been shown that blood concentrations of NT-proBNP may be useful in identifying preterm infants at
risk of hemodynamically signiﬁcant patent ductus arteriosus and its complications. The aim of the study was to assess
predictive value of serum NT-proBNP levels for early ductus arteriosus (DA) closure in very preterm newborns.
Methods: Fifty-two infants <32 weeks’ gestation aged <72 hours with patent ductus arteriosus (PDA) diameter
>1.5 mm were involved in a randomized study. Twenty-seven (52%) of them were treated with ibuprofen or paracetamol
starting within the ﬁrst 3 days of life. Expectant management was applied to 25 (48%) infants. All patients underwent
planned echocardiographic (daily) and two serum NT-proBNP measurements within the ﬁrst 10 days after birth.
Depending on the DA closure within the ﬁrst 10 days of life, 2 groups of patients were formed retrospectively, with
closed (n ¼ 30) or patent (n ¼ 22) DA by this age.
Results: In the ﬁrst 10 days of life, DA closure occurred in 19 (70%) treated infants and in 11 (44%) infants managed
expectantly (p > 0,05). Initial concentrations of NT-proBNP were signiﬁcantly higher in infants that had patent ductus
arteriosus (PDA) at 10 days of life. By the eighth day, median NT-proBNP values in both groups signiﬁcantly decreased
but remained considerably higher in newborns with PDA. NT-proBNP serum concentrations on the second day of life
could reliably predict DA closure within the ﬁrst 10 days after birth in treated babies (the AUC was signiﬁcant 0.81 [95%
CI: 0.58e1.03], p < 0.05) but not in infants who were managed expectantly.
Conclusions: Serum NT-proBNP concentrations on the second day of life could reliably predict early PDA closure in
treated but not in expectantly managed very preterm infants.
Keywords: NT-proBNP, Prognostic value, Patent ductus arteriosus, Very preterm infants

1. Introduction

P

atent ductus arteriosus (PDA) is a common
complication in preterm newborns, occurring
in approximately 33% of very preterm and 65% of
extremely preterm infants [1,2]. According to
numerous studies, the persistence of PDA in this
population of infants is associated with higher
mortality and severe neonatal morbidity,
including renal failure, intraventricular hemorrhage
(IVH),
pulmonary
hemorrhage,

bronchopulmonary dysplasia (BPD), necrotizing
enterocolitis (NEC), and heart failure [3,4]. However, known approaches to PDA treatment do not
reduce the frequency of these conditions [5,6].
Therefore, there are still many controversial and
unresolved issues regarding the need for treatment and management strategies for hemodynamically signiﬁcant PDA (hsPDA) [7]. Although
echocardiography today is the gold standard for
the diagnosis and assessment of hsPDA, echocardiographic data have insufﬁcient prognostic
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value for spontaneous DA closure [8]. Therefore,
there is an increased interest in identiﬁcation of
biochemical markers that are associated with
PDA and PDA-associated diseases and can be
used not only to conﬁrm hsPDA but also to prove
the effectiveness of treatment [9,10].
B-type natriuretic peptide (BNP) is released by
ventricular cardiomyocytes in response to volume
expansion and pressure overload of the heart. The
pro-BNP is cleaved within cardiomyocytes into the
biologically active form, BNP, and the inactive Nterminal pro-brain natriuretic peptide (NT-proBNP)
fragment [11].
It has been shown that plasma BNP and NTproBNP levels correlate well with echocardiographic
markers of hsPDA [12-14]. Thus, several studies have
been conducted to evaluate the usefulness of these
markers in detecting PDA that requires treatment
and monitors its effectiveness. Sensitivity of the
corresponding values ranged between 65% and 90%,
while speciﬁcity showed 55% to 85% [15-17]. The
results of some studies indicate that certain BNP
levels in the ﬁrst days after birth can predict closure
or non-closure of PDA [15-18]. However, the available data are sparse and contradictory.
The aim of the study was to assess the predictive
value of serum NT-proBNP levels for DA closure in
very preterm infants within the ﬁrst 10 days of life
depending on the strategy of care.

2. Methods
2.1. Study design and patients
In this study, we used data of 52 outborn preterm
infants, who had their serum NT-proBNP concentrations measured within the ﬁrst 10 days of life. These
infants were enrolled in a randomized controlled
trial to evaluate the comparative efﬁcacy and safety of
the early treatment and expectant management of
PDA in very preterm infants (ClinicalTrials.gov NCT03860428) between March 2019 and January 2020
(Fig. 1). The trial is currently underway.
The trial used the following inclusion criteria:
birth
weight
<1500
g,
gestational
age
(GA) < 32 weeks, age at admission to the neonatal
intensive care unit (NICU) < 72 h, and PDA diameter >1.5 mm. Exclusion criteria listed a presence of
congenital heart defect other than PDA, clinically
apparent hemorrhagic syndrome, any IVH in the
ﬁrst 48 hours or IVH grade 3-4 at any time, suspected/apparent NEC or lung hypoplasia, platelet
count of <50.000/mm3, oliguria <1 ml/kg/h, and
absence of informed consent of the parents.
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Abbreviation
BNP
BPD
CRP
DA
GA
hsPDA

B-type natriuretic peptide
Bronchopulmonary dysplasia
C-reactive protein
Ductus arteriosus
Gestational age
Hemodynamically signiﬁcant patent ductus
arteriosus
IVH
Intraventricular hemorrhage
LA/Ao Left atrium to aortic root diameter ratio
NEC
Necrotizing enterocolitis
NICU
Neonatal intensive care unit
NT-proBNP
N-terminal pro-brain natriuretic peptide
PDA
Patent ductus arteriosus

After enrollment, the patients were randomly
allocated to one of the study groups. The randomization was performed using a computer-generated
random series of numbers with GraphPad software.
When the patient was allocated to the medical
treatment arm, ibuprofen or paracetamol was started as soon as possible, but not later than three
hours after inclusion. Twenty-seven newborns
(52%) were treated with ibuprofen (n ¼ 13) or
paracetamol (n ¼ 14) starting within the ﬁrst three
days of life. Ibuprofen was administrated rectally in
a single dose of 20/10/10 mg/kg/day for three days;
paracetamol was used intravenously, 15 mg/kg/dose
every six hours for three days. Echocardiographic
evaluation was performed at least 12 hours after the
last dose of the ﬁrst course. If the DA was found to
be closed, no further investigations or treatment was
needed. DA was considered to be closed if it could
not be visualized using color Doppler imaging or if
its transductal diameter was <0.5 mm. If the DA was
not closed, the second course of treatment was
started at least 24 hours after the third dose of the
ﬁrst course [19].
Expectant management, involving clinical and
echocardiographic monitoring without medical
PDA treatment, was randomly applied to 25 (48%)
infants. The patients in both study arms received the
same treatment, except for the administration of
ibuprofen or paracetamol in the treatment arm.
Medically treated infants had an additional echocardiography performed after the completion of the
treatment course.
According to the results of echocardiographic
monitoring, two groups of patients were formed: in
30 (58%) of them, DA closed within the ﬁrst 10 days
of life (the early ductal closure group), and in 22
(42%) DA remained patent at 10 days of life (the
persistent PDA group).

ORIGINAL ARTICLE

JOURNAL OF THE SAUDI HEART ASSOCIATION 2020;32:462e470

464

JOURNAL OF THE SAUDI HEART ASSOCIATION 2020;32:462e470

ORIGINAL ARTICLE
Fig. 1. Flow chart of study patients. DA ¼ ductus arteriosus; NT-proBNP ¼ N-terminal pro-brain natriuretic peptide; PDA ¼ patent ductus arteriosus.

The study was performed in accordance with the
principles stated in the Declaration of Helsinki. The
local ethics committee approved the study protocol.
Informed consent was obtained from parents of all
patients involved in the study.

2.2. Clinical outcomes
The study groups were compared for major
morbidity and mortality.

2.3. Measurement of serum concentrations of NTproBNP
According to the study protocol, the blood samples for NT-ProBNP were drawn within 12 hours of
echocardiographic evaluation. The blood samples
were collected twice: within the ﬁrst 24-72 hours of
life (expectant group), and before the administration
of ibuprofen/paracetamol (treatment group), and at
the eighth or ninth day of life if the expectant
management was used (expectant group) and after
the end of the second course of the treatment
(treatment group). The median [IQR] age of the ﬁrst
and repeated blood sampling were two [1-2] and
eight [8-9] days, respectively. After each blood
collection, serum was immediately obtained, frozen,
and stored at minus 25 C. Serum NT-proBNP concentrations were measured using electrochemiluminescence
immunoassay
technique
(Elecsys proBNP II test; Roche Diagnostics, Germany) according to the manufacturer's recommendations. Available measurement limits were 535,000 pg/mL.
2.4. Echocardiographic measurements
All patients underwent planned daily echocardiographic study within the ﬁrst 10 days after birth,
with a follow-up examination at 28 days of life and
postmenstrual age of 36 weeks and/or discharge
(whatever came ﬁrst). Echocardiographic examination was performed using a Samsung Medison
SonoAce X8 ultrasound machine (South Korea).
Ductal signiﬁcance was determined by a ductal
diameter >1.5 mm with unrestricted ductal left-toright shunting (‘pulsatile pattern’): end-diastolic
ﬂow velocity <50% of peak ﬂow velocity, end-diastolic ﬂow velocity >0.3 m/s, and/or the ratio of the
left atrial to aortic root diameter (LA/Ao) > 1.5 and/
or retrograde diastolic blood ﬂow in descending
aorta. At least one of the following signs, such as
deterioration of the respiratory status with the
requirement for invasive ventilation, increase in
oxygen dependency, inability to wean from respiratory support, systemic hypotension, or congestive
heart failure had to be present to conﬁrm ductal
signiﬁcance [20-21].
2.5. Clinical data and monitoring
Standard protocols of respiratory support, disease
management, and nutrition, as well as routine vital
signs monitoring, were applied to all newborns.
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2.6. Statistical analysis
Receiver operating characteristic (ROC) curves
were generated to assess the predictive value of
serum NT-proBNP concentrations for early DA
closure. The area under the curve was determined,
and corresponding sensitivity and speciﬁcity of
different NT-proBNP values depending on the
management of PDA were calculated.
Standard methods of descriptive, comparative,
correlation, and logistic regression analysis using
the c2, Mann-Whitney, and Wilcoxon criteria, as
well as adjusted odds ratios (aOR), were used in the
study. Nonparametric data are presented as a median [IQR]. Correlation between nonparametric
variables was assessed with Spearman's rank correlation coefﬁcient (rS). All values were considered
signiﬁcant if p < 0.05.

3. Results
3.1. Comparative clinical characteristic of the
groups
In the ﬁrst ten days of life, DA closure occurred in
19 (70%) treated infants, and in 11 (44%) infants
managed expectantly (p ¼ 0.054). By the tenth day of
life, DA was closed in 30 (58%) infants (19 of them
[63%] were treated and 11 [37%] e managed
expectantly), but in 22 (42%) newborns (8 of them
[36%] were treated and 14 [64%]e managed expectantly) it remained patent. At the time of discharge,
DA was closed or became hemodynamically insigniﬁcant in all infants.
The study groups were not different in birth
weight and gender. However, infants with PDA at
ten days of life had signiﬁcantly lower GA. The
clinical characteristics of the groups are summarized in Table 1.
The median size of PDA was not different between
the groups. Nevertheless, in the ﬁrst 72 hours of life,
hsPDA was signiﬁcantly more often detected in
newborns with persistent PDA. The percentage of
infants who received pharmacological treatment was
signiﬁcantly higher in the group with early DA
closure, but the differences were not statistically signiﬁcant. Infants with persistent PDA were more likely
to require the second course of treatment and were
almost three times older at primary DA closure. Of
note, primary DA closure in these babies was an
uncommon event during the ﬁrst ten days of life.
There were no statistically signiﬁcant differences
between groups in the frequency of re-opening and
closing of DA at the time of discharge (Table 2).
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Table 1. Comparative perinatal data of the patients.
Characteristics

Early ductal closure (n ¼ 30)

Persistent PDA (n ¼ 22)

p

Gestational age, weeks
30-316/7
28-296/7
26-276/7
23-256/7
Birth weight, g
Male
Small for gestational age
Preterm rupture of the membranes
Clinical chorioamnionitis or fever >38 С during labor
Antenatal steroids
Cesarean section
Apgar score at the 1st min
Apgar score at the 5th min
Mask ventilation after birth
Intubation and ventilation after birth
Surfactant therapy

29.5 (27-31)1
15 (50)2
6 (20)
7 (23)
2 (7)
1075 (860-1350)
12 (40)
5 (17)
7 (23)
2 (7)
22 (73)
15 (50)
6 (5-6)
6 (6-7)
5 (17)
16 (53)
23 (77)

27.5 (25-28)
1 (5)
10 (45)
5 (23)
6 (27)
945 (740-1200)
14 (64)
0
4 (18)
2 (9)
14 (64)
7 (32)
4 (4-5)
5 (5-6)
2 (9)
19 (86)
20 (91)

0.004
0.002

NS
NS
0.044
NS
NS
NS
NS
0.006
0.007
NS
0.012
NS

Notes: 1 e median (interquartile range); 2 e number of cases (%). PDA: patent ductus arteriosus.
Table 2. Comparative ductus characteristics.
Age at the time of PDA was diagnosed, days
The median size of PDA in the ﬁrst 72 hours of life, mm
hsPDA in the ﬁrst 72 hours of life
Pharmacological treatment
Administration of ibuprofen
Administration of paracetamol
Two courses of treatment
Primary DA closure
Age at the time of primary DA closure, days
Reopening of DA
DA closed at the time of discharge

Early ductal closure (n ¼ 30)

Persistent PDA (n ¼ 22)

р

2 (1-2)1
2.5 (2-3)
8 (27)2
19 (63)
10 (33)
9 (30)
1 (3)
30 (100)
5 (5-7)
7 (24)
24 (86)

2 (1-2)
2.5 (2-3)
14 (64)
8 (36)
3 (14)
5 (23)
8 (36)
15 (68)
16 (12-36)
1 (8)
14 (82)

NS
NS
0.008
NS
NS
NS
0.00001
0.001
0.000
NS
NS

Notes: 1 e median (interquartile range); 2 e number of cases (%). DA: ductus arteriosus; hsPDA: hemodynamically signiﬁcant patent
ductus arteriosus; PDA: patent ductus arteriosus.

There were no statistically signiﬁcant differences
between the groups in the incidence of major
complications associated with preterm birth, survival without BPD, length of the hospital stay, or
mortality (Table 3). No signiﬁcant differences between systemic C-reactive protein (CRP) concentrations were found either at 2-3 days (3.4 [1.6-7.4]
mg/l in newborns with early ductal closure and 6.1
[1.5-14.1] mg/l e in infants with PDA at 10 days of

life), or at 8-10 days (1.2 [0.7-2] mg/l and 1.6 [0.7-3.1]
mg/l, respectively).
3.2. Serum NT-proBNP values depending on the
ductus patency at the age of 10 days
Both median NT-proBNP values were signiﬁcantly higher in newborns with persistent PDA. By
the eighth day, the NT-proBNP concentrations have

Table 3. Comparative morbidity and mortality in the groups.
Diseases

Early ductal closure (n ¼ 30)

Persistent PDA (n ¼ 22)

р

Severe respiratory distress syndrome
Pneumonia
Bronchopulmonary dysplasia
Early onset sepsis
Late onset sepsis
Necrotizing enterocolitis
IVH
Severe IVH (3-4 grade)
Death
Age at the time of death, days
Length of hospital stay, days

3 (10)1
27 (90)
9 (30)
8 (27)
3 (10)
1 (3)
10 (33)
3 (10)
2 (7)
8.5 (7.2-9.8)2
64 (45-87)

6 (27)
22 (100)
10 (45)
10 (45)
2 (9)
2 (9)
9 (41)
5 (23)
5 (23)
8.1 (7.9-15)
69.5 (29-81)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Notes: 1 e number of cases (%); 2 e median (interquartile range). IVH: intraventricular hemorrhage; PDA: patent ductus arteriosus.

Table 4. Comparative serum NT-proBNP concentrations in the groups.
Indicators

Ductal closure within
10 days of life (n ¼ 30)

PDA by the 10th
day of life (n ¼ 22)

р

NT-proBNP level in the ﬁrst 24-72
hours of life, pg/ml
NT-proBNP level for 8-9 days of life, pg/ml

10262.5 (3947-16868)

20648.5 (6656-35000)

0.014

1610 (1144-2035)1

3995 (2701-8345)2

0.000

Notes: the median is indicated (interquartile range); 1 - the dynamics of the indicator is statistically signiﬁcant (p < 0.001); 2 - the dynamics of the indicator is statistically signiﬁcant (p < 0.01). NT-proBNP: N-terminal pro-brain natriuretic peptide; PDA: patent ductus
arteriosus.

signiﬁcantly decreased in all infants but remained
considerably higher in newborns with persistent
PDA. The decline happened sooner in infants with
early DA closure, but this was not signiﬁcant (Table
4). At the same time, the results of both NT-proBNP
measurements did not differ depending on the
pharmacological treatment received by the
newborns.
Serum NT-proBNP concentrations on day two
were signiﬁcantly higher in newborns with a lower
GA (rS ¼ 0.37, p ¼ 0.008). At the same time, no
signiﬁcant correlation was found between NTproBNP levels at this age and birth weight
(rS ¼ 0.96, p ¼ 0.498).
NT-proBNP levels were higher in newborns with
higher systemic CRP concentrations on days two
(rS ¼ 0.35, p ¼ 0.01) and eight (rS ¼ 0.36, p ¼ 0.014),
and were associated with early onset sepsis
(rS ¼ 0.29, p ¼ 0.036) on day two, and with late onset
sepsis on day eight (rS ¼ 0.3, p ¼ 0.036).
Based on the area under the ROC curve
(AUC ¼ 0.63, 95% conﬁdence interval (CI) 0.41e0.85,
p ¼ 0.274), no NT-proBNP value on the second or
third day of life could reliably predict early DA
closure in infants who were managed expectantly.
However, serum NT-proBNP levels at this age were
predictive of early DA closure among the treated
babies (AUC ¼ 0.81, 95% CI 0.58e1.03, p ¼ 0.014)
(Fig. 2).

Serum NT-proBNP concentrations 23,800 pg/ml
in very preterm infants with PDA diameter >1.5 mm
at day two, had 95% sensitivity and 75% speciﬁcity
to conﬁrm the possibility of DA closure within the
ﬁrst 10 days of life in response to speciﬁc pharmacological treatment. According to the results of
multivariate logistic regression analysis, that
included the most important variables by which the
groups differed, exceeding this cut-off NT-proBNP
values identiﬁed almost zero odds of DA closure
within the ﬁrst 10 days of life (aOR ¼ 0.05, 95% CI
0.007-0.41; p ¼ 0.005) despite the pharmacological
treatment. Instead, greater GA and speciﬁc treatment signiﬁcantly and independently increased
such odds (aOR ¼ 1.54, 95% CI 1.07-2.2, p ¼ 0.02 and
aOR ¼ 6.61, 95% CI 1.31-33.29, p ¼ 0.02, respectively) in all patients involved in the study.

4. Discussion
In this prospective study, we found that serum
NT-proBNP concentration in newborns with GA
<32 weeks and birth weight <1500 g at the age of 2472 h could reliably predict DA closure in treated
infants. However, serum NT-proBNP concentration
had insufﬁcient prognostic value to predict early
spontaneous DA closure in infants who were
managed expectantly. Unlike some other authors,
we have failed to identify a cut-off baseline NT-

Fig. 2. ROC-curves describing N-terminal pro-brain natriuretic peptide cut-off values predicting PDA closure within the ﬁrst 10 days of life in very
preterm infants (A e infants managed expectantly; B e treated infants). PDA ¼ patent ductus arteriosus.
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proBNP value to predict early spontaneous DA
closure in very preterm infants with PDA diameter
>1.5 mm who were not treated [22,23]. This difference could be explained by the fact that in our
study, for the ﬁrst time the appropriate predictive
value of serum NT-proBNP concentrations was
evaluated in a randomized group of infants who
were managed expectantly. At the same time, serum
NT-proBNP concentrations >23,800 pg/ml on the
second or third day of life had 95% sensitivity and
75% speciﬁcity in predicting the ineffectiveness of
pharmacological treatment within the ﬁrst 10 days
of life. Therefore, high levels of serum NT-proBNP
do not allow determining infants that need pharmacological treatment. A similar conclusion was
made by Martinovici et al. [23] who showed that
serum NT-proBNP level below the cutoff of 10,000
pg/ml on the second day of life was associated (89%
sensitivity and 100% speciﬁcity) with spontaneous
DA closure within the ﬁrst week of life. Yet, any
value above this threshold, as a single marker, could
not identify neonates who would beneﬁt from targeted PDA treatment [23].
According to our results, DA was closed signiﬁcantly more often in newborns with higher GA and
in infants small for GA. At the same time, DA
remained persistently patent in the majority of infants that had hsPDA in the ﬁrst 72 hours of life.
During the ﬁrst ten days of life, DA closed in 19
(70%) treated babies and in 11 (44%) infants who
were managed expectantly, but differences between
the groups were not signiﬁcant. However, signiﬁcantly more newborns with persistent PDA required
the second course of pharmacological treatment, as
it met the treatment criteria.
Our results conﬁrmed the ﬁndings of Semberova
et al. [24], that in infants with lower GA and birth
weight spontaneous DA closure occurred relatively
later and less frequently, and, accordingly, these
infants were more compromised after birth than the
more mature and larger newborns. Previous studies
also found no statistical differences in the incidence
of NEC, BPD, BPD or death, and mortality between
the groups with early and late DA closure. Therefore, it could not be stated that DA closure within
the ﬁrst 10 days of life reduced the incidence of
neonatal morbidity [5,6,24].
Our study for the ﬁrst time demonstrated that
serum NT-proBNP concentrations measured on the
second-third day of life could predict the effectiveness of early PDA treatment with ibuprofen or
paracetamol in very preterm infants. Hsu et al. [25]
in the smaller prospective study showed that plasma
BNP levels <1,805 pg/ml had high sensitivity and
speciﬁcity (88% and 87%, respectively) in predicting

PDA closure after indomethacin treatment. Ding
et al. [26] described the positive effect of ibuprofen
treatment on the dynamics of NT-proBNP concentrations, linking the therapeutic effect of ibuprofen
to this outcome. At the same time, Oh et al. [27] have
failed to determine a cut-off value for BNP levels
that could accurately predict the response to
ibuprofen treatment in preterm infants with hsPDA.
Thus, the possibility of using serum NT-proBNP
concentrations in the ﬁrst days of life to predict the
effectiveness of PDA treatment in very preterm infants remains insufﬁciently studied and requires
further research.
Serum NT-proBNP concentrations were signiﬁcantly associated with systemic CRP levels and were
higher in septic infants. Similar data were recently
presented by Okur et al. [28], who also found a
positive association between NT-proBNP and IL-6
plasma concentrations during the ﬁrst ﬁve days of
life. It is well established that cytokines are released
during sepsis, and this can lead to myocardial
dysfunction and increased NT-proBNP levels,
[29,30] although the relevant mechanisms are
insufﬁciently studied. The similarities between the
groups in terms of the incidence of sepsis and systemic CRP concentrations do not allow linking the
predominant increase of the NT-proBNP levels with
the infectious process in any of the groups.
An additional factor that may affect serum NTproBNP levels is the GA [31,32]. We found a signiﬁcant negative correlation between serum NTproBNP levels at days of life 2-3 and GA. These data
conﬁrmed the ﬁndings of Farombi-Oghuvbu et al.
[32] on the inversely proportional effect of GA on
the systemic NT-proBNP levels in the ﬁrst days of
life in preterm infants.
The advantages of our study are the prospective
design and randomized treatment of very preterm
infants with PDA diameter >1.5 mm started within
the ﬁrst 3 days of life, that allowed to eliminate the
subjective factor in making management decisions,
and objectively assess the predictive value of systemic NT-proBNP concentrations for early DA
closure. For the ﬁrst time, we obtained data on infants
who were managed expectantly, despite the presence
of hsPDA according to traditional deﬁnition [33].
Our study also has several limitations, primarily
due to its non-blinded design, speciﬁc approach to
treatment (early administration based only on the
PDA size), the small number of patients to perform
a subgroup analysis, depending on particular
medication used. The number of extremely preterm
infants was also small, thereby limiting the generalization of our results to more immature preterm
infants.

The rationale for further research may be, on one
hand, to conﬁrm our results on the diagnostic value
of systemic NT-proBNP concentrations in predicting
the effectiveness of different approaches for medical
PDA treatment involving more extremely preterm
infants, and on the other hand, to obtain additional
data suggesting against a signiﬁcant association
between serum NT-proBNP concentrations in the
ﬁrst days of life, and probability of early spontaneous DA closure in newborns, who were managed
without pharmacological interventions.

5. Conclusions
Serum NT-proBNP concentrations in very preterm infants with PDA diameter of >1.5 mm at the
age of 24-48 h could not predict spontaneous DA
closure in the ﬁrst 10 days of life but were useful for
the prediction of efﬁcacy of early PDA treatment
with ibuprofen/paracetamol. Serum NT-proBNP
levels 23,800 pg/ml could reliably predict early DA
closure in treated newborns. The NT-proBNP concentrations above this threshold were independently signiﬁcant predictors of PDA persistency
beyond 10 days of life, despite the use of pharmacological treatment.

Author contributions
Conception and design of Study: Solomiia Potsiurko, Dmytro Dobryanskyy. Literature review:
Solomiia Potsiurko, Dmytro Dobryanskyy, Lesya
Sekretar. Acquisition of data: Solomiia Potsiurko,
Dmytro Dobryanskyy, Lesya Sekretar. Analysis and
interpretation of data: Solomiia Potsiurko, Dmytro
Dobryanskyy, Lesya Sekretar. Research investigation and analysis: Solomiia Potsiurko, Dmytro
Dobryanskyy, Lesya Sekretar. Data collection:
Solomiia Potsiurko, Lesya Sekretar. Drafting of
manuscript: Solomiia Potsiurko, Dmytro Dobryanskyy, Lesya Sekretar. Revising and editing the
manuscript critically for important intellectual contents: Solomiia Potsiurko, Dmytro Dobryanskyy,
Lesya Sekretar. Supervision of the research: Dmytro
Dobryanskyy. Research coordination and management: Dmytro Dobryanskyy.

Conﬂict of interest
None declared.

References
[1] Chiruvolu A, Jaleel MA. Pathophysiology of patent ductus
arteriosus in premature neonates. Early Hum Dev 2009;85(3):
143e6. https://doi.org/10.1016/j.earlhumdev.2008.12.006.

469

[2] Van Overmeire B, Chemtob S. The pharmacologic closure of
the patent ductus arteriosus. Semin Fetal Neonatal Med
2005;10(2):177e84. https://doi.org/10.1016/j.siny.2004.10.003.
[3] EL-Khuffash A, James AT, Cleary A, Semberova J,
Franklin O, Miletin J. Late medical therapy of patent ductus
arteriosus using intravenous paracetamol. Arch Dis Child
Fetal Neonatal Ed 2015;100(3):F253e6. https://doi.org/
10.1136/archdischild-2014-307930.
[4] Sellmer A, Bjerre JV, Schmidt MR, McNamara PJ,
Hjortdal VE, Høst B, et al. Morbidity and mortality in preterm neonates with patent ductus arteriosus on day 3. Arch
Dis Child Fetal Neonatal 2013;98:F505e10. https://doi.org/
10.1136/archdischild-2013-303816.
[5] Clyman RI, Liebowitz M, Kaempf J, Erdeve O, Bulbul A,
Håkansson S, et al. PDA-TOLERATE trial: an exploratory
randomized controlled trial of treatment of moderate-tolarge patent ductus arteriosus at 1 week of age. J Pediatr
2019;205:41e8. https://doi.org/10.1016/j.jpeds.2018.09.012. e6.
[6] Clyman RI, Couto J, Murphy GM. Patent ductus arteriosus:
are current neonatal treatment options better or worse than
no treatment at all? Semin Perinatol 2012;36(2):123e9.
https://doi.org/10.1053/j.semperi.2011.09.022.
[7] Lee JA. Practice for preterm patent ductus arteriosus;
focusing on the hemodynamic signiﬁcance and the impact
on the neonatal outcomes. Korean J Pediatr 2019;62(7):
245e51. https://doi.org/10.3345/kjp.2018.07213.
[8] Sehgal A, McNamara PJ. Does echocardiography facilitate
determination if hemodynamic signiﬁcance attributable to
ductus arteriosus? Eur J Pediatr 2009;168(8):907e14. https://
doi.org/10.1007/s00431-009-0983-3.
[9] Sehgal A, Menahem S. Interparametric correlation between
echocardiographic markers in preterm infants with patent
ductus arteriosus. Pediatr Cardiol 2013;34(5):1212e7. https://
doi.org/10.1007/s00246-013-0640-5.
[10] Condo M, Evans N, Bellu R, Kluckow M. Echocardiographic
assessment of ductal signiﬁcance: retrospective comparison
of two methods. Arch Dis Child Fetal Neonatal Ed 2012;97(1):
F35e8. https://doi.org/10.1136/adc.2010.207233.
[11] Stoupakis G, Klapholz M. Natriuretic peptides: biochemistry,
physiology, and therapeutic role in heart failure. Heart Dis
2003;5(3):215e23.
https://doi.org/10.1097/
01.hdx.0000074517.30102.64.
[12] El-Khuffash AF, Amoruso M, Culliton M, Molloy EJ. N-terminal pro-B-type natriuretic peptide as a marker of ductal
haemodynamic signiﬁcance in preterm infants: a prospective
observational study. Arch Dis Child Fetal Neonatal 2007;
92(5):F421e2. https://doi.org/10.1136/adc.2007.119701.
[13] Buddhe S, Dhuper S, Kim R, Weichbrod L, Mahdi E, Shah N,
et al. NT-proBNP levels improve the ability of predicting a
hemodynamically signiﬁcant patent ductus arteriosus in very
low birth-weight infants 2012;1(2):82e6. https://doi.org/
10.4103/2249-4847.96758.
[14] Holmstrom H, Hall C, Thaulow E. Plasma levels of natriuretic peptides and hemodynamic assessment of patent
ductus arteriosus in preterm infants. Acta Paediatr 2001;
90(2):184e91. https://doi.org/10.1080/080352501300049406.
[15] Bagnoli F, Rossetti A, Casucci M, Mori A. Aminoterminal BType Natriuretic Peptido (NT-proBNP) in the therapy of
patent ductus arteriosus. Minerva Pediatr 2010;62(3 Suppl 1):
67e70.
[16] 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(3):
286e90. https://doi.org/10.1203/PDR.0b013e3181799594.
[17] Czernik C, Metze B, Müller C, Bührer C. Urinary NTproBNP and ductal closure in preterm infants. J Perinatol
2013;33(3):212e7. https://doi.org/10.1038/jp.2012.86.
[18] 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(2):e510e25. https://doi.org/10.1542/
peds.2014-1995.

ORIGINAL ARTICLE

JOURNAL OF THE SAUDI HEART ASSOCIATION 2020;32:462e470

470

JOURNAL OF THE SAUDI HEART ASSOCIATION 2020;32:462e470

ORIGINAL ARTICLE

[19] Hundscheid T, Onland W, van Overmeire B, Dijk P, van
Kaam AHLC, Dijkman KP, et al. Early treatment versus
expectative management of patent ductus arteriosus in preterm infants: a multicentre, randomised, non-inferiority trial
in Europe (BeNeDuctus Trial). BMC Pediatr 2018;18(1):262.
https://doi.org/10.1186/s12887-018-1215-7.
[20] Arlettaz R. Echocardiographic Evaluation of Patent Ductus
Arteriosus in Preterm Infants. Front Pediatr 2017;5:147.
https://doi.org/10.3389/fped.2017.00147.
[21] Zonnenberg I, de Waal K. The deﬁnition of a haemodynamic
signiﬁcant duct in randomized controlled trials: a systematic
literature review. Acta Paediatr 2012;101(3):247e51. https://
doi.org/10.1111/j.1651-2227.2011.02468.x.
[22] Nuntnarumit P, Khositseth A, Thanomsingh P. N-terminal
probrain natriuretic peptide and patent ductus arteriosus in
preterm infants. J Perinatol 2009;29(2):137e42. https://
doi.org/10.1038/jp.2008.185.
[23] Martinovici D, Vanden Eijnden S, Unger P, Najem B,
Gulbis B, Mar
echal Y. Early NT-proBNP is able to predict
spontaneous closure of patent ductus arteriosus in preterm
neonates, but not the need of its treatment. Pediatr Cardiol
2011;32(7):953e7. https://doi.org/10.1007/s00246-011-0020-y.
[24] Semberova J, Sirc J, Miletin J, Kucera J, Berka I, Sebkova S,
et al. Spontaneous Closure of Patent Ductus Arteriosus in
Infants </¼1500 g. Pediatrics 2017;140(2):e20164258. https://
doi.org/10.1542/peds.2016-4258.
[25] Hsu JH, Yang SN, Chen HL, Tseng HI, Dai ZK, Wu JR. Btype natriuretic peptide predicts responses to indomethacin
in premature neonates with patent ductus arteriosus.
J
Pediatr
2010;157(1):79e84.
https://doi.org/10.1016/
j.jpeds.2009.12.045.
[26] Ding YJ, Han B, Yang B, Zhu M. NT-proBNP plays an
important role in the effect of ibuprofen on preterm infants
with patent ductus arteriosus. Eur Rev Med Pharmacol Sci
2014;18(18):2596e8.

[27] 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(1):4430. https://doi.org/10.1038/s41598020-61291-w.
[28] Okur N, Buyuktiryaki M, Uras N, Oncel MY, Halil H, Isõk S,
et al. Role of N-Terminal Pro-brain Natriuretic Peptide in the
Early Diagnosis of Neonatal Sepsis. J Pediatr Infect Dis 2019;
14:228e34. https://doi.org/10.1055/s-0039-1692341.
[29] Witthaut R. Science review: Natriuretic peptides in critical
illness. Crit Care 2004;8(5):342e9. https://doi.org/10.1186/
cc2890.
[30] Rudiger A, Gasser S, Fischler M, Hornemann T, von EA,
Maggiorini M. Comparable increase of B-type natriuretic
peptide and amino-terminal pro-B-type natriuretic peptide
levels in patients with severe sepsis, septic shock, and acute
heart failure. Crit Care Med 2006;34(8):2140e4. https://
doi.org/10.1097/01.CCM.0000229144.97624.90.
[31] Rodriguez-Blanco S, Oulego-Erroz I, Gautreaux-Minaya S,
Perez-Mu~
nuzuri A, Couce-Pico ML. Early NT-proBNP levels
as a screening tool for the detection of hemodynamically
signiﬁcant patent ductus arteriosus during the ﬁrst week of
life in very low birth weight infants. Journal of Perinatology
2018;38(7):881e8. https://doi.org/10.1038/s41372-018-0123-x.
[32] Farombi-Oghuvbu I, Matthews T, Mayne PD, Guerin H,
Corcoran JD. N-terminal pro-B-type natriuretic peptide: a
measure of signiﬁcant patent ductus arteriosus. Arch Dis
Child Fetal Neonatal Ed 2008;93(4):F257e60. https://doi.org/
10.1136/adc.2007.120691.
[33] Smith A, El-Khuffash A. Deﬁning "Haemodynamic Signiﬁcance" of the Patent Ductus Arteriosus: Do We Have All the
Answers? Neonatology 2020:1e8. https://doi.org/10.1159/
000506988.

