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N-terminal pro-brain natriuretic peptide measurements
in hemodynamically significant patent ductus
arteriosus in preterm infants
Shehab Ahmed Alenazi

ABSTRACT

Objectives: Evaluate the role of NT-proBNP levels in Preterm neonates suffering from PDA and used as a
screening tool for predicting HsPDA and guiding physicians to consider early echocardiographic evaluation.
Methods: This is a monocentric prospective blind study which was conducted at Arar Central Hospital,
Ar’ar, Saudi Arabia, during the period between Jan 2014 to June 2014. Thirty-three (33) preterm infants
born at less than 31 weeks of gestation or weighing less than 1200 g at birth infants were initially enrolled
during a 6-month period. Blood samples were collected along with routine blood tests on days 1, 2, 3, and
7 of life for NT-proBNP analysis. Two echocardiographies were systematically performed on day two of life
to ascertain about the status of Ductus Arteriosus.

Results: The Plasma NT-proBNP levels were high on day one of life and decline from day three to day seven
of life except in those infants with significant hsPDA. Plasma NT-proNBP levels on day 2 of infants in the
HsPDA group were significantly higher (<0.001) than those in non-HsPDA group. Echocardiogram parameters
indicates the significant difference (p<0.002) in Left Atrial and Aortic ratio (LA/AQO), Interventricular septum
thickness (P<0.03), Left ventricular posterior wall thickness (p<0.05), diastole PDA gradient (p<0.005)
between HsPDA and non-HsPDA.

Conclusions: Plasma NT-proBNP level peaked during the first few days after birth and declined rapidly
within a week. Therefore, its level may have a role as a screening tool to predict HsPDA and provide more
information regarding its spontaneous closure or otherwise.
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INTRODUCTION

Patent ductus arteriosus (PDA) is a common
problem in premature infants born before 32
weeks.! It refers to the persistent patency of the
ductus arteriosus after birth? characterized by a
ductal shunt that diverts part of the aortic blood
flow towards the pulmonary circulation, resulting
in pulmonary vascular overload and decreased
blood flow to systemic organs.®* In most full term
infants, the ductus arteriosus closes during the
first 48 hours after birth.* However, in many small
preterm infants the ductus remains open allowing
an increasing systemic-to-pulmonary shunt as
the pulmonary vascular resistance falls due to
the elevated sensitivity of the ductal tissue to the



dilating effects of prostaglandins and low sensitivity
to the effects of oxygen.> As a result, the ductus of
preterm infants can remain open for many days,
and although it may constrict initially, it frequently
reopens® resulting in, the decreased in the systemic
blood flow, while the pulmonary blood flow is
increased.” This is labelled as hemodynamically
significant PDA (HsPDA).

In HsPDA there is significant shunting of blood
from the systemic to the pulmonary circuit result-
ing in increased pulmonary blood flow with reduc-
tion in effective systemic blood flow.* Therefore,
HsPDA is considered to be associated with various
comorbid illnesses in premature infants,’ observed
in more than 30% of premature infants with gesta-
tional ages of <32 weeks.” Early diagnosis of hsPDA
allows early treatment and probable reduction of
morbidity in preterm infants." It is of vital impor-
tance to recognize and properly treat hemodynami-
cally significant patent ductus arteriosus (hsPDA)
in preterm infants.”? Because physical examination
may be unreliable for determining the presence and
magnitude of PDA in premature infants, echocar-
diography is used to document PDA shunting.”
However, routine echocardiography for the evalua-
tion of PDA in premature infants has certain disad-
vantages, such as high cost, discomfort, disruption
of the neonatal environment, and limited availabil-
ity in some centers.'* Moreover, the hemodynamic
effect of HsPDA may be difficult to determine even
by using echocardiography, and the clinical course
cannot be predicted reliably.”®

Therefore a biomarker like NT-proBNP is a useful
tool in diagnosis of PDA in premature neonates,
especially in cases where Doppler echocardiography
is not easily available'® as NT-proBNP concentration
is significantly increased in infants with a PDA and
correlates well with PDA diameter in the first three
weeks of life.'”” NT-proBNP is the inactive fragment
of cardiac hormone B-type natriuretic peptide
(BNP)'® which is secreted mainly in the ventricles
in response to pressure or volume overload and
increased wall stress.” It is highly sensitive and
specific indicator of hsPDA in low birth weight
premature infants.”® Therefore, NT-proBNP levels
may be a useful tool to identify neonates at risk of
developing hsPDA in premature infants.”

The objective of this study was to evaluate the role
of NT-proBNP levels in Preterm neonates suffering
from PDA and to see whether it may be used as a
screening tool for predicting HsPDA and guiding
physicians to consider early echocardiographic
evaluation.
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METHODS

Study: This monocentric prospective blind study
was conducted at Arar Central Hospital, Ar’ar,
Saudi Arabia, during the period between Jan 2014
to June 2014.
Subjects: Thirty-five (35) preterm infants were
initially enrolled during a 6-month period (from
Jan 2014 to June 2014). The data of two infants
were excluded from analysis because the data
were incomplete. Thirty one 33 infants (21 male, 12
female) were eligible for evaluation. Their mean GA
was 28.6 (+2.6) weeks and the mean birth weight
was 991 (£294) g.
Inclusion criteria: The Preterm infants born at less
than 31 weeks of gestation or weighing less than
1200 g at birth. The infants were enrolled within 24
hours of birth.
Exclusion criteria: The Preterm infants with the
presence of cardiac congenital anomaly other than
PDA, life-threatening congenital malformation,
severe asphyxia at birth, persistent pulmonary
hypertension, and death within the first week of
life.
Methodology: We  prospectively  evaluated
the infants for PDA within the first 24 h of life
determine whether the patient is suffering from
hsPDA or non-HsPDA diagnosis based on a large
ductal flow with left to right shunt on color Doppler
echocardiography.

1. Blood samples were collected along with routine
blood tests on days 1, 2, 3, and 7 of life for NT-
proBNP analysis.

2. Two echocardiographies were systematically
performed on day two of life.

NT-proBNP Laboratory Analysis: Blood collected

for routine sampling in lithium-heparin tubes was

transported to the laboratory at room temperature
where it was centrifuged at 20009g for 6 minutes.

Supernatant plasma was analyzed for NT-proBNP

using the Roche Elecsys 2010 electrochemilumines-

cence immunoassay, following the manufacturer’s
recommendations. In most referral hospitals in

Saudi Arabia, these tests are frequently available

and are carried out free of cost in these hospitals

whenever the physicians feel, they send a request
and tests are done.

Echocardiographic measurements: Echocardiog-

raphies were performed using an 8-MHz probe

(Philips CX 50). Conventional echocardiographic

measurements were obtained in accordance with the

guidelines of the American Society of Echocardiog-
raphy.? A two-dimensional, color Doppler, pulse-
wave Doppler and M-mode echocardiogram was
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Table-I: Demographic and clinical parameters.

Characteristics Total (n=33) HsPDA (n=18) Non-HsPDA (n=15) p Value
Gestational age (wks)* 28.6 (£2.6) 27.6 (¥2.7) 29.0 (+2.4) 0.03
Birth weight (gm)* 991 (+294) 899 (+276) 1153 (+278) 0.003
Male gender (%) 21 (64) 13(62) 8 (38) 0.6
Caesarian section (%) 24 (73) 17 (71) 7 (29) 0.78
Apgar score 1 mint 6 (2-9) 6 (2-8) 6 (2-9) 0.02
Apgar score 5 mint 7 (4-9) 7 (5-8) 8 (4-9) 0.002
*Mean (£SD); tMedian (range); P value by student t test.
performed simultaneously. Echocardiographic pa- RESULTS

rameters representing the degree of PDA shunting
and volume load included PDA diameter detected
by two dimensions and color Doppler, the left atrium
to aortic root ratio (LA / Ao) detected by M-mode.
The follow-up echocardiogram was performed on
day two and whenever hsPDA was suspected. All
echocardiographic findings would be blinded to the
primary care team, unless other congenital heart de-
fects were detected, which would exclude the infants
from the study per the exclusion criteria.

Diagnosis of hsPDA (Clinical criteria): The
definition of Echocardiographic hsPDA was based
on the evidence from the previous report, and the
diagnosis was made if at least two of the following
criteria were met: (i) LA/Ao ratio 21.4, (ii) ductal
diameter 21.5 mm and (iii) the percentage of the
ratio of the TVI of the diastolic retrograde flow to
the TVI of the systolic anterograde flow along the
descending aorta 230%.%

According to Nuntnarumit et al; the Clinical

hsPDA was defined as the presence of the ductal
flow with predominant left to right shunt on color
Doppler which measured at least 1.5mm on two-
dimensional echocardiography plus at least two
of the following signs, including heart murmur,
persistent tachycardia (heart rate >160 beats/min),
hyperactive precordium, bounding pulse, pulse
pressure >25 mmHg, hepatomegaly, pulmonary
hemorrhage (defined as blood or blood-stained
fluid aspirated from the endotracheal tube in
association with a respiratory deterioration and
radiographic evidence of pulmonary hemorrhage),
increasing respiratory support by 20% increase in
oxygen supplementation or in pressure support
and chest radiographic evidence of cardiomegaly
or pulmonary congestion.*
Statistical analysis: Statistical analysis was
performed using Statistical Package for the Social
Sciences (SPSS) version 15.0. Continuous variables
are presented as mean values with standard
deviation. ’<0.05 is considered significant.
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Demographic and clinical parameters are listed
in this table showing; meantSD, Gestational age in
weeks (wks), Birth weight in grams (gm), etc. Table-L.

Mean (+ SD) of NT-proBNP levels in pmol/L on
dayl, 2, 3 and 7 of PDA are shown in Table-II. It
indicates Plasma NT-proBNP levels were high on
Day-1 of life and showed a decline from Day- 3 to
Day-7 of life except in those infants with significant
hsPDA. Plasma NT-proNBP levels on day 2 in the
HsPDA group (n=18) were significantly higher than
in non-HsPDA group (n=15). A cut-off NT-proBNP
on day 2 of 7252 pmol/L offered the best predictive
values for HsPDA. In non-HsPDA group, the
plasma level of NT-proBNP was found to peak in
the first two days of life (1286 pmol/L) and then
declined during day 3-7 after birth. Plasma NT-
proNBP levels on Day-2 of infants in the HsPDA
group were significantly higher (<0.001) than those
in non-HsPDA group.

Echocardiogram parameters in the PDA
infants, which indicates the significant difference
(p<0.002) in Left Atrial and Aortic ratio (LA/
AO), Interventricular septum thickness (P<0.03),
Left ventricular posterior wall thickness (p<0.05),
diastole PDA gradient (p<0.005) between HsPDA
and non-HsPDA are shown in Table-III.

DISCUSSION

In this study we observed that the Plasma NT-
proBNP levels were high on Day-1 of life and
showed a decline from Day-3 to Day-7 of life

Table-1I: Mean (+ SD) of NT-proBNP
levels in pmol/L on day 1, 2, 3 and 7 of PDA.

Days of HsPDA Non-HsPDA P value
PDA n=18) (n=15)

Day 1 2562 (+ 98) 1118 (£ 89) <0.001
Day 2 7252 (£125) 1286 (+ 119) <0.001
Day 3 7130 (£ 147) 622 (+44) <0.001
Day 7 1588 (£102) 156 (+ 23) <0.001
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Table-III: Echocardiogram parameters on day 2.

Parameters HsPDA (n=18) | Non-HsPDA (n=15) | P value
LA/AO* 1.45 (+0.24) 1.25 (+0.23) 0.002
Left ventricular diastolic diameter® 11.8 (£2.1) 12.4(+2.0) 0.26
Interventricular septum thickness* 3.0 (20.6) 3.3 (x0.7) 0.03
Left ventricular posterior wall thickness* 2.0 (20.5) 2.3 (x0.6) 0.05
Shortening fraction (%)* 37(+4) 36 (+4) 0.36
PDA gradient systole* 10.2 (9.9) 18.0 (x12.0) 0.06
PDA gradient diastole* 4.3 (£5.1) 11.5 (£8.0) 0.005
Tricuspid regurgitation (mmHg)* 224 (£13.1) 12.4 (£7.8) 0.005

PI - Pulsatility index; SMA - Superior mesenteric artery; *Mean (+SD); P value - By students t test.

except in those infants with significant hsPDA.
Plasma NT-proNBP levels on day 2 in the HsPDA
group (n=18) were significantly higher than in
non-HsPDA group (n=15). In non-HsPDA group,
the plasma level of NT-proBNP was found to
peak in the first two days of life (1286 pmol/L)
and then declined during day 3-7 after birth
which is highly predictive of a ductus that will
close spontaneously.” Plasma NT-proBNP levels
on Day- 2 of infants in the HsPDA group were
significantly higher (<0.001) than those in non-
HsPDA group. Thus our results are in agreement
with Letshwiti et al. study.! Previous studies like
of Koch et al, showed that plasma concentration of
NT-proBNP is high in the first few days after birth
due to changes in circulatory volume leading to
increased ventricular volume and pressure load.*

El-Khuffash et al. also reported a significantly
high level of NT-proBNP at 2 day of life, not at
Day-1, in preterm infants with HsPDA and a rapid
decrease after successful PDA closure. ¥ Farombi-
Oghuvbu et al. studied serial plasma NT-proBNP
levels on day 1, 3, 5 and 10 of life and found that the
plasma NT-proBNP levels on day 3, not on day 1
or day 10, were significantly higher in infants with
HsPDA.® These findings as well as ours suggest
that the best timing to measure NT-proBNP level
for predicting HsPDA should be at day 2-3 of life.
Recent studies have showed that the NT-proBNP
level on Day-1 of life was affected by gestational age
with the level being higher in the more premature
infants.”

In Farombi-Oghuvbu et al study the high levels
of NT-proBNP on day 10 were also found in
infants with sepsis.?® Therefore, high levels of NT-
proBNP should be interpreted with caution. In our
study, no infants developed clinical sepsis during
the first week of life; high levels of NT-proBNP
are only reflection of PDA status. Our results

regarding heart geometry in PDA infants are also
in agreement with Occhipinti et al.* as NT-proBNP
plasma concentrations are related to ductal size and
left atrial dilatation in preterm infants during the
first days after birth. LA/ Ao ratio, in our study,
correlated with the plasma NT-proBNP level after
adjusting for other related variables.

Another study of El-Khuffash et al. has also
shown that NT-proBNP on day 3 significantly
correlated with LA/ Ao ratio, and PDA diameter.*!
A low NT-proBNP level could therefore represent
an independent marker of PDA spontaneous
closure at a time when classical echographic signs
are poorly predictive of spontaneous evolution of
the PDA.? The peak plasma NT-proBNP level on
day 2 at 7252 pmol/ml offered the best predictive
values for HsPDA. These results were similar to
those of the recent study using NT-proBNP on
day 3 as a marker for HsPDA in preterm infants.®
Therefore, the NT-proBNP level on day 2-3 may
be used as a screening tool in preterm infants for
predicting HsPDA and guiding physicians to
consider early echocardiographic evaluation. NT-
proBNP in conjunction with an echocardiography
may identify preterm infants with PDA who are
at risk for poor outcome and would benefit from
targeted medical treatment of PDA.

CONCLUSIONS

Plasma NT-proBNP level peaked during the
first few days after birth and declined rapidly
within a week. Significantly high levels of plasma
NT-proBNP on Day-2 were observed in infants
who developed HsPDA. Therefore, its level may
have a role as a screening tool to predict HsPDA
and provide more information regarding its
spontaneous closure or otherwise.

Pak J Med Sci 2016 Vol.32 No.3  www.pjms.com.pk 583


http://www.ncbi.nlm.nih.gov/pubmed?term=Occhipinti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24397409

Shehab Ahmed Alenazi

10.

11.

12.

13.

14.

15.

16.

17.

584 Pak J Med Sci

REFERENCES

Hiedl S, Schwepcke A, Weber F, Genzel-Boroviczeny O.
Microcirculation in preterm infants: profound effects of
patent ductus arteriosus. ] Pediatr. 2010;156:191-196. doi:
10.1016/j.jpeds.2009.08.034

Chugh R, Salem MM. Echocardiography for Patent Ductus
Arteriosus Including Closure in Adults. Echocardiography.
2015;32(Suppl 2):5125-139. doi: 10.1111/echo.12457.

Goudjil S, Imestouren F, Armougon A, Razafimanantsoa
L, Mahmoudzadeh M, Wallois F, et al. Noninvasive
technique for the diagnosis of patent ductus arteriosus
in premature infants by analyzing pulse wave phases on
photoplethysmography signals measured in the right hand
and the left foot. PLoS One. 2014;9(6):€98763.

Bancalari E, Claure N, Gonzalez A. Patent ductus arteriosus
and respiratory outcome in premature infants. Biol Neonate.
2005;88:192-201.

Heuchan AM, Clyman RI. Managing the patent ductus
arteriosus: current treatment options. Arch Dis Child
Fetal Neonatal Ed. 2014;99(5):F431-436. doi: 10.1136/
archdischild-2014-306176.

Ibrahim TK, Haium AA, Chandran S, Rajadurai VS. Current
controversies in the management of patent ductus arteriosus
in preterm infants. Indian Pediatr. 2014;51(4):289-294.
Hamrick SE, Hansmann G. Patent ductus arteriosus of the
preterm infant. Pediatrics. 2010;125:1020-1030.

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. J Clin Neonatol.
2012;1(2):82-86.

de Lemos JA, McGuire DK, Drazner MH. B-type natriuretic
peptide in cardiovascular disease. Lancet. 2003;362:316-322.
Chen S, Tacy T, Clyman R. How useful are B-type
natriuretic peptide measurements for monitoring changes
in patent ductus arteriosus shunt magnitude? ] Perinatol.
2010;30:780-785.

Kim ]S, Shim EJ. B-type natriuretic Peptide assay for the
diagnosis and prognosis of patent ductus arteriosus in
preterm infants. Korean Circ J. 2012;42(3):192-196.

Shimada S, Kasai T, Hoshi A, Murata A, Chida S.
Cardiocirculatory effects of patent ductus arteriosus in
extremely low-birth-weight infants with respiratory distress
syndrome. Pediatr Int. 2003;45(3):255-262.

Sehgal A, McNamara PJ. Does echocardiography facilitate
determination of hemodynamic significance attributable to
the ductus arteriosus? Eur ] Pediatr. 2009;168(8):907-914.
doi: 10.1007/s00431-009-0983-3.

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. ] Pediatr. 2005;147:38-42.
Holmstrom H, Hall C, Thaulow E. Plasma levels of
natriuretic peptides and hemodynamic assessment of
patent ductus arteriosus in preterm infants. Acta Paediatr.
2001;90:184-191.

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 ] Cardiol. 2011;147:42-46.

Ramakrishnan S, Heung YM, Round ], Morris TP,
Collinson P, Williams AF. Early N-terminal pro-brain
natriuretic peptide measurements predict -clinically
significant ductus arteriosus in preterm infants. Acta
Paediatr. 2009;98:1254-1259.

2016 Vol.32 No.3

www.pjms.com.pk

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Witthaut R. Science review: Natriuretic peptides in critical
illness. Crit Care. 2004;8:342-349.

. Lisy M, Babal P. Brain natriuretic peptide—the biological

marker in the diagnosis of overt congestive heart failure and
myocardial ischemia. Bratisl Lek Listy. 2007;108:170-173.
Letshwiti JB, Sirc ], O’Kelly R, Miletin J. Serial N-terminal
pro-brain natriuretic peptide measurement as a predictor
of significant patent ductus arteriosus in preterm infants
beyond the first week of life. Eur ] Pediatr. 2014;173(11):1491-
1496. doi: 10.1007/500431-014-2350-2.

Cuna A, Kandasamy ], Sims B. B-type natriuretic peptide
and mortality in extremely low birth weight infants with
pulmonary hypertension: a retrospective cohort analysis.
BMC Pediatr. 2014;14:68.

Lai WW, Geva T, Shirali GS, Frommelt PC, Humes
RA, Brook MM, et al. Guidelines and standards for
performance of a pediatric echocardiogram: a report from
the Task Force of the Pediatric Council of the American
Society of Echocardiography. ] Am Soc Echocardiogr.
2006;19(12):1413-1430.

Kluckow M, Evans N. Early echocardiographic prediction
of symptomatic patent ductus arteriosus in preterm
infants undergoing mechanical ventilation. ] Pediatr.
1995;127:774-779.

Nuntnarumit P, Khositseth A, Thanomsingh P. N-terminal
probrain natriuretic peptide and patent ductus arteriosus in
preterm infants. ] Perinatol. 2009;29:137-142.

Noori S, McCoy M, Friedlich P, Bright B, Gottipati V,
Seri 1. Failure of ductus arteriosus closure is associated
with increased mortality in preterm infants. Pediatrics.
2009;123:€138-144.

Koch A, Singer H. Normal values of B type natriuretic
peptide in infants, children, and adolescents. Heart.
2003;89(8):875-878.

El-Khuffash AF, Amoruso M, Culliton M, Molloy E]J.
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 Ed. 2007;92(5):F421-F422.

Farombi-Oghuvbu IO, Matthews T, Mayne PD, Guerin H,
Corcoran D. N-terminal Pro- B-type natriuretic peptide: a
measure of significant patent ductus arteriosus. Arch Dis
Child Fetal Neonatal Ed. 2008;93(4):F257-F260.

Martinovici D, Vanden Eijnden S, Unger P, Najem B,
Gulbis B, Maréchal 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):953-957. doi: 10.1007/s00246-011-0020-y.
Occhipinti F, De Carolis MP, De Rosa G, Bersani I,
Lacerenza S, Cota F, et al. Correlation analysis between
echocardiographic flow pattern and N-terminal-pro-
brain natriuretic peptide for early targeted treatment of
patent ductus arteriosus. ] Matern Fetal Neonatal Med.
2014;27(17):1800-1804. doi: 10.3109/14767058.2014.880879.
El-Khuffash A, Davis PG, Walsh K, Molloy EJ. Cardiac
troponin T and N-terminal-pro-B type natriuretic peptide
reflect myocardial function in preterm infants. ] Perinatol.
2008;28(7):482-486. doi: 10.1038/jp.2008.21.

El Hajjar M, Vaksmann G, Rakza T, Kongolo G, Storme
L. Severity of the ductal shunt: a comparison of
different markers. Arch Dis Child Fetal Neonatal Ed.
2005;90:F419-F422.

Mine K, Ohashi A, Tsuji S, Nakashima ], Hirabayashi M,
Kaneko K. B-type natriuretic peptide for assessment of
haemodynamically significant patent ductus arteriosus in
premature infants. Acta Paediatr. 2013;102(8):e347-352.


http://www.ncbi.nlm.nih.gov/pubmed?term=Chugh%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24888537
http://www.ncbi.nlm.nih.gov/pubmed?term=Salem%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24888537
http://www.ncbi.nlm.nih.gov/pubmed?term=Goudjil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Imestouren%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Armougon%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Razafimanantsoa%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Razafimanantsoa%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahmoudzadeh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Wallois%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24892695
http://www.ncbi.nlm.nih.gov/pubmed/24892695
http://www.ncbi.nlm.nih.gov/pubmed?term=Heuchan%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24903455
http://www.ncbi.nlm.nih.gov/pubmed?term=Clyman%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=24903455
http://www.ncbi.nlm.nih.gov/pubmed?term=Ibrahim%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=24825266
http://www.ncbi.nlm.nih.gov/pubmed?term=Haium%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=24825266
http://www.ncbi.nlm.nih.gov/pubmed?term=Chandran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24825266
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajadurai%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=24825266
http://www.ncbi.nlm.nih.gov/pubmed/24825266
http://www.ncbi.nlm.nih.gov/pubmed?term=Buddhe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed?term=Dhuper%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed?term=Weichbrod%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahdi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed?term=Shah%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24027696
http://www.ncbi.nlm.nih.gov/pubmed/24027696
http://www.ncbi.nlm.nih.gov/pubmed/22493614
http://www.ncbi.nlm.nih.gov/pubmed/22493614
http://www.ncbi.nlm.nih.gov/pubmed/22493614
http://www.ncbi.nlm.nih.gov/pubmed?term=Sehgal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19387684
http://www.ncbi.nlm.nih.gov/pubmed?term=McNamara%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=19387684
http://www.ncbi.nlm.nih.gov/pubmed/?term=Does+echocardiography+facilitate+determination+of+hemodynamic+significance+attributable+to+the+ductus+arteriosus%3F
http://www.ncbi.nlm.nih.gov/pubmed?term=Cuna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24612708
http://www.ncbi.nlm.nih.gov/pubmed?term=Kandasamy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24612708
http://www.ncbi.nlm.nih.gov/pubmed?term=Sims%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24612708
http://www.ncbi.nlm.nih.gov/pubmed/?term=B-type+natriuretic+peptide+and+mortality+in+extremely+low+birth+weight+infants+with+pulmonary+hypertension%3A+a+retrospective+cohort
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinovici%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed?term=Vanden%20Eijnden%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed?term=Unger%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed?term=Najem%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed?term=Gulbis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed?term=Mar%C3%A9chal%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21656237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Early+NT-proBNP+Is+Able+to+Predict+Spontaneous+Closure+of+Patent+Ductus+Arteriosus+in+Preterm+Neonates+Neonates%2C+But+Not+the+Need+of+Its+Treatment
http://www.ncbi.nlm.nih.gov/pubmed?term=Occhipinti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Carolis%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Rosa%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=Bersani%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=Lacerenza%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=Cota%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24397409
http://www.ncbi.nlm.nih.gov/pubmed?term=Mine%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohashi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuji%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakashima%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirabayashi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaneko%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23611593
http://www.ncbi.nlm.nih.gov/pubmed/?term=B-type+natriuretic+peptide+for+assessment+of+haemodynamically+significantpatent+ductus+arteriosus+in+premature+infants

