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patent ductus arteriosus in preterm infants
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Abstract

This study aimed to evaluate the short-term morbidities and efficacy of single-dose prophylactic intravenous ibuprofen for pateB

ductus arteriosus (PDA) on the first day of life in preterm infants.

Data of 69 preterm infants with birth weight < 12509 and gestational age < 30 weeks admitted to the neonatal intensive care
unit were analyzed. Of these, 37 infants were assigned to the prophylactic treatment (PT) group and 32 were assigned to the
nonprophylactic treatment (non-PT) group. Only the PT group administered intravenous ibuprofen (10 mg/kg) once within 6 hours
after birth.

Until postnatal day 7, ductal closure occurred in 11 (34.4%) infants in the non-PT group, and in 35 (94.6%) infants in the PT
group, of which 30 (81.1%) infants had ductal closure on postnatal day 1. There were 2 (5.4%) infants in the PT group and 9
(28.1%) in the non-PT group who needed ibuprofen treatment due to moderate-to-large PDA after postnatal day 7. Preterm
infants in the PT group were less likely to develop an intraventricular hemorrhage (>grade 2) (adjusted odds ratio 0.007, 95%
confidence interval 0.01-0.45), had a shorter duration of invasive ventilatory support and central venous catheter, and earlier
postnatal age to achieve feeding of 50 and 100 mL/kg/day compared with those in the non-PT group.

Single-dose prophylactic intravenous ibuprofen on the first day of life decreased the occurrence of a persistent PDA and
intraventricular hemorrhage (>grade 2), and reduced the duration of invasive ventilatory support, central venous catheter use, and
hospital stay.

Abbreviations: BPD = bronchopulmonary dysplasia, BW = birth weight, COX = cyclooxygenase, ELBWI = extremely low
birth weight infant, GA = gestational age, Gl = gastrointestinal, IV = intravenous, IVH = intraventricular hemorrhage, LOS =
late-onset sepsis, NEC = necrotizing enterocolitis, NICU = neonatal intensive care unit, PDA = patent ductus arteriosus, PMA =

postmenstrual age, ROP = retinopathy of prematurity, VLBWI = very low birth weight infant.
Keywords: ibuprofen, intraventricular hemorrhage, morbidity, patent ductus arteriosus, premature infant

1. Introduction

The ductus arteriosus is a blood vessel that plays an important
role in fetal circulation,!'! and ductal closure occurs after birth
due to changes in systemic oxygen tension and prostaglandin
E2.2 In term infants, the ductus arteriosus normally constricts
and functionally closes by 72 hours after birth, but ductal clo-
sure is delayed in preterm infants and the risk of a patent duc-
tus arteriosus (PDA) is inversely proportional to gestational age
(GA).’B'While the use of pharmacologic intervention in very low
BW infants (VLBWIs, BW < 1500g) with PDA has decreased
recently,’) more substantial studies are required before non-
interventional approaches can be widely adopted, because a
hemodynamically significant PDA has been associated with
intraventricular hemorrhage (IVH), bronchopulmonary dyspla-
sia (BPD), and necrotizing enterocolitis (NEC).1-!

Various therapeutic options have been discussed, including
prophylactic treatment (PT) with cyclooxygenase (COX) inhib-
itors.’! Although prophylactic administration of COX inhibi-
tors such as indomethacin and ibuprofen reduces the incidence
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of severe IVH (grades 3-4), it has no effect on mortality, BPD,
NEC, and time to reach full feeds. Prophylactic COX inhibitors
are no longer recommended because they have several adverse
effects including oliguria, gastrointestinal (GI) bleeding and
perforation, platelet dysfunction, and thrombocytopenia.l'*-13!
Major issues remain to be clarified, both with respect to diagno-
sis and treatment and the detailed risks and benefits of available
treatment alternatives are still under investigation. All previous
randomized controlled trials that examined the effects of pro-
phylactic ibuprofen treatment used 3 doses of ibuprofen for 3
days after birth.!'+!

Our practice was to perform conservative management of the
PDA until 7 days after birth, and ibuprofen therapy was initiated
if the PDA remained hemodynamically significant and persisted
beyond 7 days of life. However, after July 2017, all VLBWIs in
our neonatal intensive care unit (NICU) were administered a
single dose of prophylactic ibuprofen (10 mg/kg) within 6 hours
of birth. This study aimed to evaluate the efficacy of single-dose
prophylactic intravenous (IV) ibuprofen on the first day of life
in very preterm infants.
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2. Methods
2.1. Study design

In this retrospective study, we reviewed 75 infants with birth
weight (BW) < 1250g and GA < 30 weeks, who were born
alive and admitted to the NICU of the Kyung-Hee University
Hospital at Gangdong, Korea, between January 2016 and
July 2019. The institutional review board waived the require-
ment for informed consent for this retrospective chart review
(approval number: KHNMC 2020-07-009). The exclusion cri-
teria were birth at <22 completed weeks of gestation, lethal
congenital malformations, inborn errors of metabolism, and
IVH before prophylactic ibuprofen administration (Fig. 1). We
maintained similar policies regarding ventilatory support and
fluid management, nutrition, hemodynamic management, and
indications for hospital discharge except for PDA management,
from 2016 to 2019.

2.2. Ibuprofen administration and echocardiography

From January 2016 to June 2017, none of the preterm infants
received PDA treatment for up to 1 week after birth, regardless
of the PDA size. Echocardiography was performed after the first
week to determine whether treatment was necessary. However,
following this protocol, extremely low BW infants (BW <
1000g), especially born at 22 to 25 weeks of gestation, showed
a tendency for increased pulmonary hemorrhage within 1 week
of life, which may be due to PDA. Therefore, from July 2017, all
VLBWIs were administered a single dose (10 mg/kg) of prophy-
lactic ibuprofen lysine (Arfen, Lisapharma, Erba, Italy) within 6
hours of birth if there were no contraindications. After adminis-
tration, an echocardiogram was performed every 24 hours until
the PDA closed or became (meaning “almost impossible to mea-
sure”) and repeated at the end of the 1st week. Infants with a
moderate-to-large sized, hemodynamically significant PDA after
the first week received IV ibuprofen using a syringe pump over
15 minutes, at a dose of 10mg/kg, followed by 5mg/kg after
24 and 48 hours, if there were no contraindications for phar-
macologic treatment such as NEC, decreased urine output, or
bleeding tendency. This course was followed by a second and
third cycle in the nonresponder infants. PDA ligation was per-
formed when the ibuprofen treatment failed. One neonatologist
performed echocardiography, and a moderate-to-large sized,
hemodynamically significant PDA was defined as a PDA with an
internal diameter that exceeds 1.4 mm and a PDA: left pulmo-
nary artery diameter ratio of >0.5. Additional criteria included

75 infants of birth weight <1,250 g and gestational age <30 weeks

Patient excluded

1) Infants born less than 22 weeks of
gestational age (n=2)

2) Infants with lethal congenital

—| malformation (n=1)

3) Infants with inborn error of
metabolism (n=1)

4) Infants with IVH before prophylactic
ibuprofen administration (n=2)

n=69

l l

37 infants with
single-dose ibuprofen for prophylaxis

32 infants without
single-dose ibuprofen for prophylaxis

Figure 1. Flow chart of participants.
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one or more of the following: (1) reversed diastolic flow in the
descending aorta, (2) ductus flow velocity <2.5 m/s, and (3) left
atrium-to-aortic root ratio >1.6.120-221

2.3. Data collection

Maternal data included maternal age, presence of oligohy-
dramnios or polyhydramnios, gestational or overt diabetes
mellitus, pregnancy-induced or pre-existing maternal hyperten-
sion (HTN), chorioamnionitis, preterm premature rupture of
membranes, antenatal steroid use, delivery mode, and multiple
gestations. Neonatal variables included sex, GA, BW, size in
relation to GA, and Apgar scores. Neonatal morbidities before
discharge and the hospital course included the occurrence of
pneumothorax, respiratory distress syndrome, duration of inva-
sive ventilatory support and central venous catheter use, post-
natal age at achieving enteral feeding of 100 mL/kg, treatment
for patent PDA, late-onset sepsis (LOS), NEC (>stage 2), BPD
at 36 weeks of postmenstrual age (PMA), retinopathy of pre-
maturity (>stage 2), IVH (>grade 2), average length of hospital
stay, and mortality. Moderate BPD was defined as the need for
oxygen for >28 days plus <30% oxygen at 36 weeks of PMA
according to the National Institute of Child Health and Human
Development Workshop severity-based diagnostic criteria.?*!
NEC was defined according to the modified Bell staging clas-
sification grade of >IL.12*1 Body weight, head circumferences,
and lengths measured at birth and discharge were compared.
In addition, we used the 2013 Fenton growth charts to deter-
mine the proportion of infants who were small for GA in the
study population. All relevant data are within the paper and its
Supporting Information files.

2.4. Statistical analysis

All analyses were performed using SPSS software (version 25.0;
IBM Corp., Armonk, NY, USA). Continuous variables of both
patient groups were compared using Student t-test or Mann—
Whitney U test, and the results were expressed as mean = stan-
dard deviation. Categorical variables were compared using
the chi-square test or Fisher exact test, and the results were
expressed as numbers and percentages. Stepwise multivariate
analyses were used to evaluate the relationship between differ-
ent outcome measures and the effect of single-dose prophylactic
ibuprofen after adjustment for chorioamnionitis, multiple gesta-
tions, and a 5-min Apgar score < 3. Statistical significance was
set at P value < .05. All relevant data are within the paper and
its Supporting Information files.

3. Results

After application of the inclusion and exclusion criteria, 69
infants were analyzed, of which 67 were discharged alive, and
2 died in the NICU. They were classified into 2 groups: the PT
group consisted of 37 infants and the nonprophylactic treat-
ment (non-PT) group consisted of 32 infants.

3.1. Perinatal characteristics of the PT and non-PT groups

A comparison of the perinatal characteristics between the PT
and non-PT groups is shown in Table 1. There were no sig-
nificant differences in perinatal characteristics (in vitro fertil-
ization, abnormal amniotic fluid, maternal diabetes mellitus/
hypertension, chorioamnionitis, preterm premature rupture of
membranes, use of antenatal steroids, mode of delivery, multi-
ple gestations, sex, small for GA, mean GA at birth, mean BW,
S-minute Apgar score < 3, and use of surfactant) between the 2
groups that could have influenced the morbidity, mortality, or
clinical course of preterm infants. The mothers who belonged
to the PT group were older than those in the non-PT group
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Comparison of perinatal characteristics in the PT and non-PT
groups.

PT group non-PT group

Characteristics (n=237) (n=32) P

Maternal age, yrs 34.2+4.4 31.6+3.3 .008
In vitro fertilization 7(18.9) 6 (18.8) .986
Oligohydramnios/polyhydramnios 5(13.5) 5(15.6) .804
Diabetes mellitus 4(10.8) 3(9.4) 1.00

PIH/chronic HTN 38.1) 4(12.5) .696
Chorioamnionitis 3(8.1) 6(18.8) 285
pPROM 18 (48.6) 15 (46.9) .883
Antenatal steroid (complete) 27 (73.0) 18 (56.3) 146
Cesarean section 23 (62.2) 24 (75.0) 254
Multiple gestations 7(18.9) 4(12.5) 527
Gender, male 21 (56.8) 16 (50.0) 575
Small for gestational age 4(10.8) 2(6.3) 679
Gestational age, wks 27.7+15 27.6+1.7 .853
Birth weight, g 1016.0+£172.2 996.9+171.4 .646
5-min Apgar score < 3 1@.7) 1(3.1) 1.00

Use of surfactant 34 (91.9) 30 (93.8) 767

Note: Data are presented as mean + standard deviation or number (%).
HTN = hypertension, PIH = pregnancy-induced hypertension, pPROM = preterm premature rupture
of membranes, PT = prophylactic treatment.

(34.2+4.4 vs 31.6 3.3 years; P = .008). In this study, 1 infant
in each group had a 5-minute Apgar score < 3, but both infants
recovered to a 10-minute Apgar score of 7 or higher, and a head
ultrasound performed immediately after birth showed no IVH,
so they were included in this study.

3.2. PDA evaluation

Table 2 shows the PDA evaluations conducted during the study
period. In the PT group, PDA was closed in 81.1% (n = 30) of
infants at 24 hours after birth, 91.9% at 3 days after birth, and
94.6% at 7 days after birth. The closing rates at 24 hours, 48
hours, 72 hours, and 7 days after birth were significantly higher
(P < .001) in the PT group than in the non-PT group. Two
(5.4%) infants in the PT group and 9 (28.1%) in the non-PT
group had moderate-to-large open ductus and were treated with
ibuprofen after 7 days of life. Although none of the patients in
the PT group experienced reopening of the PDA after confirma-
tion of PDA closure, 2 (6.3%) in the non-PT group did; how-
ever this difference was not statistically significant. Four infants
who still had open ductus after ibuprofen treatment (one in the
PT group, 3 in the non-PT group) underwent surgical ligation.

Patent ductus arteriosus evaluation.

PT group non-PT group

Characteristics (n=237) (n=32) P

Cumulative no. of closed or tiny PDA 30 (81.1) 3(9.4) <.001
atPND 1

Cumulative no. of closed or tiny PDA 34 (91.9) 4(12.5) <.001
at PND 2

Cumulative no. of closed or tiny PDA 34 (91.9) 7(21.9) <.001
atPND 3

Cumulative no. of closed or tiny PDA 35 (94.6) 11 (34.4) <.001
atPND 7

Moderate-to-large PDA after PND 7 2 (5.4) 9(28.1) <.001

Closed or tiny but reopened later 0 2(6.3) 211
(moderate-to-large)

PDA ligation 1(2.7) 3(14.3) .330

www.md-journal.com

3.3. Renal and Gl function during the first 3 days of life and
enteral feeding progression

Considering the half-life and elimination time of ibuprofen,
72 hours was believed to be sufficient for observation, and the
eventual side effects were monitored for 3 days.”?! When pro-
phylactic ibuprofen was administered on the 1st day of life,
except for urine output in the 1st 24 hours, no differences were
found between the 2 groups in terms of renal function (urine
output and serum creatinine concentration) and abdominal dis-
tension (Table 3). There was more GI bleeding in the PT group,
but the difference was not statistically significant between the
2 groups. The duration of time for feeding to reach 50 mL/kg
was significantly shorter in the PT group compared to that in
the non-PT group (11.4+4.2 vs 27.7+16.9, P < .001).

3.4. Clinical characteristics of the PT and non-PT groups
during hospitalization

The early-onset morbidity and clinical characteristics of the
2 groups are compared in Table 4. There were no significant
differences in the use of surfactants, administration of initial
antibiotics, and early stage morbidity after birth such as pneu-
mothorax and massive pulmonary hemorrhage. Compared with
the non-PT group, preterm infants in the PT group were more
likely to have a shorter duration of invasive ventilatory sup-
port and central venous catheter use, earlier postnatal age of
achieving full feeding (100 mL/kg/day), and shorter hospitaliza-
tion periods. There was no difference in mortality between the 2
groups. In the univariate analysis, the risk of major morbidities

Renal and gastrointestinal function during the first 3 days of life
and progression of enteral feeding.

PT group non-PT group

Characteristics (n=37) (n=32) P
Urine output (mL/kg/h)

Day 1 2. 4 1.0 3.3+12 .005

Day 2 42+1.0 48+1.2 .055

Day 3 36 0.8 4.0+1.1 230
Serum creatinine (mg/dI)

Day 1 0.83+0.19 0.82+0.17 .897

Day 2 0.93+0.17 0.89+0.20 478

Day 3 0.95+0.22 0.97+0.30 791
Abdominal distension 5(13.5) 8(25.0) 525
Upper gastrointestinal bleeding 7(18.9) 4(12.5) 468

Persistent pulmonary hypertension 0 0

Age achieved feeding of 50 mlL/kg, d 11.4+42 277169  <.001
Note: Data are presented as mean + standard deviation or number (%).

PT = prophylactiv treatment.

Table 4
Clinical variables in the PT and non-PT groups.

PT group non-PT group

Variables (n=37) (n=32) P
Use of surfactant 3491.9) 30 (93.8) 767
Initial antibiotics 9 (24.3) 8 (26.7) 827
Pneumothorax 1.7 13.1) 1.00
Massive pulmonary hemorrhage 2(5.4) 4(12.5) 405
Duration of invasive ventilatory support, d 42+10.0 14.4+16.2 .003
Duration of central venous catheter use,d ~ 21.5+16.2 38.5+16.6 <.001
Age achieved feeding of 100ml/kg, d - 16.1+7.4 34.8+15.1 <.001
Hospital stay, d 69.6+16.1 80.0+23.5 .048
Death 0 2(6.3) 21

Note: Data are presented as number (%).
PDA = patent ductus arteriosus, PND = postnatal day, PT = prophylactiv treatment.

Note: Data are presented as mean + standard deviation or number (%).
PDA = patent ductus arteriosus, PT = prophylactic treatment.
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such as LOS, NEC, retinopathy of prematurity, and BPD did
not differ between the 2 groups, but IVH (>grade 2) was sig-
nificantly lower in the PT group. In the multivariate analysis,
the odds ratios for IVH (>grade 2) remained significant after
adjustment for confounding variables such as chorioamnionitis,
multiple gestations, and the 5-mine Apgar score (Table 5).

3.5. The change of growth parameters from birth to
discharge

The growth parameters of the preterm infants who survived
and were discharged home in the 2 groups were compared
(Table 6). Despite the significantly longer duration of hospital
stay in the non-PT group (80.0£23.5 days) than in the PT group
(69.6+16.1 days), there was no statistically significant differ-
ence in growth parameters (weight, head circumference, height)
between the groups. The single-dose prophylactic ibuprofen
group demonstrated a higher growth rate in terms of weight,
head circumference, and height, and a lower PMA at discharge
than the non-PT group.

4. Discussion

PDA occurs in only 57 per 100,000 normal births for full-term
infants, but in low BW infants, PDA treatment is required in
55% to 70%, with only 34% of PDA cases closing by itself.[7:5-2¢]
Prophylactic administration of COX inhibitors for 3 days
immediately after birth probably decreases the incidence rates
of PDA, the need for rescue treatment with COX inhibitors,
PDA ligation, and grade 3 or 4 IVH, but is not recommended
for prevention due to the increased risks of oliguria, increase
in serum creatinine levels, and GI bleeding. All previous stud-
ies used 3 doses of COX inhibitors for 3 days, and there were

Medicine

inevitably many side effects.!""»*”) In contrast to previous stud-
ies, we used only a single dose of a COX inhibitor (ibuprofen)
prophylactically within 6 hours of birth. The results of our
study demonstrate the efficacy of ibuprofen as prophylaxis for
PDAs, showing that administration of a single dose on the 1st
day of life effectively reduces the incidence rates of PDA, as
compared to previous studies in which ibuprofen was admin-
istered for 3 consecutive days. In this study, 81.1% (30/37) of
infants in the PT group had a closed or tiny ductus, compared
to 9.4% (3/32) in the non-PT group after 24 hours of life,
91.9% compared to 12.5% after 48 hours, 91.9% compared
to 21.9% after 72 hours, and 94.6% compared to 34.4%
after 7 days of life. This significant reduction in the number of
infants with PDA in the PT group corresponds to a significant
reduction in the need for rescue therapy for moderate-to-large
PDA after 7 days of life. Previous studies of preterm infants
born before 28 weeks of gestation showed that the PDA clo-
sure rate was approximately 26% at 24 hours, 72-83.1% at
72 hours, and 77% at 7 days after birth when IV ibuprofen
was used prophylactically for 3 days after birth. These rates
were lower than those in our study, which may be due to the
lower GA of the subjects in previous studies.['*!¢28 In the pres-
ent study, although prophylactic ibuprofen was administered,
there were no adverse effects other than a slight decrease in
the urine volume on the 1st day. Unlike other studies in which
ibuprofen was administered,?’! GI bleeding did not increase,
GI function was not lowered, and the time to achieve a feeding
of 50 mL/kg/day was significantly faster in the PT group than
in the non-PT group. There have been some reports that ibu-
profen administration is associated with persistent pulmonary
hypertension of the newborn (PPHN),3%3! but there were no
cases of PPHN in this study.

Although a single dose of prophylactic ibuprofen was not
associated with neonatal complications including LOS, NEC

Unadjusted and adjusted odds ratios for mortality and major neonatal morbidities.

0dds ratio (95% Cl)

Outcome Univariable P Adjusted? P
LOS 0.42 (0.04-4.82) 483 0.51 (0.04-6.29) .602
NEC > stage |l - -
BPD 0.76 (0.28-2.04) .586 0.74 (0.26-2.08) .566
BPD > moderate 0.29 (0.07-1.24) .095 0.25 (0.06-1.17) .078
ROP > stage 2 1.43 (0.47-4.35) .530 1.57 (0.50-4.94) 444
IVH > grade 2 0.06 (0.01-0.51) .01 0.05 (0.01-0.45) .007
IVH > grade 3 0.10 (0.01-0.86) .036 0.10(0.01-0.83) .034
BPD = bronchopulmonary dysplasia, Cl = confidence interval, IVH = intraventricular hemorrhage, LOS = late-onset sepsis, NEC = necrotizing enterocolitis, ROP = retinopathy of prematurity.
aFor chorioamnionitis, multiple gestation, and 5-min Apgar score < 3 in the study.

Table 6
Comparison of the growth parameters in the study cohort.

Parameter® PT group (n = 37) non-PT group (n = 30) P
Birth weight, g 1016.0+172.2 996.9+171.4 .646
HC at birth, cm 253+1.9 25.6+1.9 614
Height at birth, cm 36.2+2.8 36.3+2.6 .882
Weight at discharge, g 2604.8+319.1 2715.3+£336.2 181
HC at discharge, cm 325+0.8 33.0+1.2 .07
Height at discharge, cm 46.3+1.8 46.2+1.9 .936
Average daily weight change (weight from birth to discharge/hospital stay), g 24.6+3.6 20.4+3.3 <.001
Average daily HC change (HC from birth to discharge/hospital stay), cm 0.11+0.02 0.09+0.17 <.001
Average daily height change (height from birth to discharge/hospital stay), cm 0.14+0.04 0.12+0.03 .023
PMA at discharge, wks 37.7+1.2 38.8+1.5 .001

Data are presented as mean =+ standard.
aData from the cases died were excluded.
HC = head circumference, PMA = post menstrual age, PT = prophylactiv treatment.
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(>stage 2), and BPD, it significantly lowered IVH (>grade 2)
and severe IVH (>grade 3) in this study. A systematic review
of the literature found that there was no evidence that pro-
phylactic use of 3 doses of ibuprofen had any benefit in
reducing mortality, BPD, or NEC, but reported a reduced
risk of severe IVH."'I There were also studies that 3 doses
of prophylactic indomethacin reduced grades 2—4 TVH.[32-34
In a study on the efficacy of ibuprofen in the treatment of
PDA, ibuprofen showed results as effective as indomethacin,
but with fewer adverse events, because it has less effect on
cerebral, kidney, and mesenteric blood flow than indometha-
cin.B%3¢ However, side effects of COX inhibitors are inevita-
ble, and administration of 3 doses of ibuprofen can increase
the risk of IVH. In such cases, it may be difficult to distin-
guish whether the occurrence of IVH is due to the PDA or
ibuprofen administration.

Compared to those in the non-PT group, preterm infants in
the PT group were more likely to have a lower postnatal age
to achieve a feeding of 100 mL/kg/d and a shorter duration of
invasive ventilatory support, which allowed them to have a
shorter duration of central venous catheter use and reduced
lung injury. At our center, feeding begins with the mother’s
milk or donor human milk. If preterm infants at 2 weeks of
life can tolerate volumes >100 mL/kg/day, human milk forti-
fier is added to human milk. Therefore, the growth (weight,
head circumference, and length) of preterm infants who reach
full feeding sooner will inevitably be faster. Preterm infants
have more nutritional needs during the neonatal period when
their nutritional requirements are inherently high to match
the high rate of nutrient accumulation in utero.®” Poor weight
gain, although not a disease, may result in numerous medical
conditions in preterm infants, particularly neurodevelopmen-
tal delay.’%! Although there was no significant difference in
the incidence of LOS and BPD between the 2 groups in our
study, central venous catheter and invasive ventilation are
causal factors for sepsis and BPD; therefore, removing them
as soon as possible will help reduce morbidities in preterm
infants.1340!

The study was limited by data from a single institution,
small sample size, and the lack of long-term neurodevelop-
mental outcomes after NICU discharge. As this was a retro-
spective study, there were limitations to the analysis. To the
best of our knowledge, there are no clinical reports of sin-
gle-dose prophylactic IV ibuprofen administration, and a pro-
spective study and clinical evaluation with more study groups
are needed. Studies on the timing and method of administra-
tion of ibuprofen, its clinical course and its long-term effects
should be conducted.

5. Conclusions

In moderately mature preterm infants with high rates of spon-
taneous PDA closure and a low incidence of IVH, prophylactic
COX inhibitor therapy using 3 doses may not be necessary and
may produce substantial side effects. Single-dose prophylac-
tic ibuprofen may be a suitable treatment for very premature
infants born before 30 weeks of gestation, given that it has a
similar PDA closure rate and reduced IVH incidence as 3-dose
prophylactic ibuprofen therapy, while avoiding the risks of well-
known side effects associated with the drug.

Author contribution

Conceptualization: Sung-Hoon Chung. Data curation: Chae
Young Kim. Formal analysis: Sung-Hoon Chung. Investigation:
Chae Young Kim, Sung-Hoon Chung. Methodology: Sung-
Hoon Chung. Supervision: Sung-Hoon Chung. Validation:
Chae Young Kim. Writing—original draft: Chae Young Kim.
Writing—review, and editing: Sung-Hoon Chung.

www.md-journal.com

References

[1] Gillam-Krakauer M, Reese J. Diagnosis and management of patent
ductus arteriosus. Neoreviews. 2018;19:e394-402.

[2] Ovali E Molecular and mechanical mechanisms regulating ductus arte-
riosus Closure in preterm infants. Front Pediatr. 2020;8:516.

[3] Clyman RI. The role of patent ductus arteriosus and its treatments in
the development of bronchopulmonary dysplasia. Semin Perinatol.
2013;37:102-7.

[4] Ngo S, Profit J, Gould JB, et al. Trends in patent ductus arteriosus diag-
nosis and management for very low birth weight infants. Pediatrics.
2017;139:e20162390.

[5] Hagadorn JI, Brownell EA, Trzaski JM, et al. Trends and variation in
management and outcomes of very low-birth-weight infants with pat-
ent ductus arteriosus. Pediatr Res. 2016;80:785-92.

[6] Clyman RI Ibuprofen and patent ductus arteriosus. N Engl J Med.
2000;343:728-30.

[7] Hermes-DeSantis ER, Clyman RI. Patent ductus arteriosus: pathophys-
iology and management. J Perinatol. 2006;26:514-8; discussion S22.

[8] Koch J, Hensley G, Roy L, et al. Prevalence of spontaneous closure of
the ductus arteriosus in neonates at a birth weight of 1000 grams or
less. Pediatrics. 2006;117:1113-21.

[9] Gillam-Krakauer M, Reese ]. Diagnosis and management of patent
ductus arteriosus. Neoreviews. 2018;19:e394-402.

[10] Fowlie PW, Davis PG, McGuire W. Prophylactic intravenous indo-
methacin for preventing mortality and morbidity in preterm infants.
Cochrane Database Syst Rev. 2010;2010:CD000174.
Ohlsson A, Shah SS. Ibuprofen for the prevention of patent ductus arte-
riosus in preterm and/or low birth weight infants. Cochrane Database
Syst Rev. 2020;1:CD004213.
El-Mashad AE, El-Mahdy H, El Amrousy D, et al. Comparative study
of the efficacy and safety of paracetamol, ibuprofen, and indomethacin
in closure of patent ductus arteriosus in preterm neonates. Eur J Pediatr.
2017;176:233-40.
Little DC, Pratt TC, Blalock SE, et al. Patent ductus arteriosus in micro-
preemies and full-term infants: the relative merits of surgical ligation
versus indomethacin treatment. ] Pediatr Surg. 2003;38:492-6.
[14] Dani C, Bertini G, Pezzati M, et al. Prophylactic ibuprofen for the pre-
vention of intraventricular hemorrhage among preterm infants: a mul-
ticenter, randomized study. Pediatrics. 2005;115:1529-35.
De Carolis MP, Romagnoli C, Polimeni V, et al. Prophylactic ibuprofen
therapy of patent ductus arteriosus in preterm infants. Eur J Pediatr.
2000;159:364-8.
Gournay V, Roze JC, Kuster A, et al. Prophylactic ibuprofen versus
placebo in very premature infants: a randomised, double-blind, place-
bo-controlled trial. Lancet. 2004;364:1939-44.
Naulaers G, Delanghe G, Allegaert K, et al. Ibuprofen and cerebral
oxygenation and circulation. Arch Dis Child Fetal Neonatal Ed.
2005;90:F75-6.
Kanmaz G, Erdeve O, Canpolat FE, et al. Serum ibuprofen levels of
extremely preterm infants treated prophylactically with oral ibu-
profen to prevent patent ductus arteriosus. Eur J Clin Pharmacol.
2013;69:1075-81.
Kalani M, Shariat M, Khalesi N, et al. A comparison of early ibuprofen
and indomethacin administration to prevent intraventricular hemor-
rhage among preterm infants. Acta Med Iran. 2016;54:788-92.
Clyman RI, Liebowitz M, Kaempf ], et al; PDA-TOLERATE (PDA: to
leave it alone or Respond And Treat Early) Trial Investigators. PDA-
TOLERATE Trial: an exploratory randomized controlled trial of treat-
ment of moderate-to-large patent ductus arteriosus at 1 week of age. |
Pediatr. 2019;205:41-48.¢6.
de Freitas Martins F, Ibarra Rios D, Resende MHE, et al. Relationship
of patent ductus arteriosus size to echocardiographic markers of shunt
volume. ] Pediatr. 2018;202:50-5.
de Boode WP, Kluckow M, McNamara PJ, et al. Role of neonatolo-
gist-performed echocardiography in the assessment and management
of patent ductus arteriosus physiology in the newborn. Semin Fetal
Neonatal Med. 2018;23:292-7.
Niedermaier S, Hilgendorff A. Bronchopulmonary dysplasia - an over-
view about pathophysiologic concepts. Mol Cell Pediatr. 2015;2:2.
[24] Patel RM, Ferguson ], McElroy SJ, et al. Defining necrotizing enterocolitis:
current difficulties and future opportunities. Pediatr Res. 2020;88:10-5.
Bushra R, Aslam N. An overview of clinical pharmacology of Ibuprofen.
Oman Med. J. 2010;25:155-1661.
[26] Hoffman JI, Kaplan S. The incidence of congenital heart disease. ] Am
Coll Cardiol. 2002;39:1890-900.
[27] SuBH, Lin HY, Chiu HY, et al. Therapeutic strategy of patent ductus arte-
riosus in extremely preterm infants. Pediatr Neonatol. 2020;61:133-41.

—_
—_

[12

[13

(15

[16

17

[18

[19

[20

[21

[22

[23

25



Kim and Chung e Medicine (2022) 101:31

[28] Liebowitz M, Clyman RI. Prophylactic indomethacin compared with
delayed conservative management of the patent ductus arteriosus in
extremely preterm infants: effects on neonatal outcomes. ] Pediatr.
2017;187:119-126.el.

[29] Sangtawesin C, Sangtawesin V, Lertsutthiwong W, et al. Prophylaxis of

symptomatic patent ductus arteriosus with oral ibuprofen in very low

birth weight infants. ] Med Assoc Thai. 2008;91:528-34.

Gournay V, Savagner C, Thiriez G, et al. Pulmonary hyperten-

sion after ibuprofen prophylaxis in very preterm infants. Lancet.

2002;359:1486-8.

[31] Kim SY, Shin SH, Kim HS, et al. Pulmonary arterial hypertension after

ibuprofen treatment for patent ductus arteriosus in very low birth

weight infants. ] Pediatr. 2016;179:49-53.¢e1.

Schmidt B, Davis P, Moddemann D, et al. Long-term effects of indo-

methacin prophylaxis in extremely-low-birth-weight infants. N Engl J

Med. 2001;344:1966-72.

[33] Jansen EJS, Hundscheid T, Onland W, et al. Factors associated with
benefit of treatment of patent ductus arteriosus in preterm infants: a
systematic review and meta-analysis. Front Pediatr. 2021;9:626262.

[30

[32

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Medicine

Khanafer-Larocque 1, Soraisham A, Stritzke A, et al. Intraventricular
hemorrhage: risk factors and association with patent ductus arteriosus
treatment in extremely preterm neonates. Front Pediatr. 2019;7:408.
de Klerk JCA, van Paassen N, van Beynum IM, et al. Ibuprofen treat-
ment after the first days of life in preterm neonates with patent ductus
arteriosus. ] Matern Fetal Neonatal Med. 2021;34:2411-7.

Van Overmeire B, Follens I, Hartmann S, et al. Treatment of patent
ductus arteriosus with ibuprofen. Arch Dis Child Fetal Neonatal Ed.
1997;76:F179-84.

Cormack BE, Harding JE, Miller SP, et al. The influence of early nutri-
tion on brain growth and neurodevelopment in extremely preterm
babies: a narrative review. Nutrients. 2019;11:2029.

Maruyama H, Yonemoto N, Kono Y, et al. Weight growth velocity and
neurodevelopmental outcomes in extremely low birth weight infants.
PLoS One. 2015;10:e0139014.

Gahlot R, Nigam C, Kumar V, et al. Catheter-related bloodstream
infections. Int ] Crit Illn Inj Sci. 2014;4:162-7.

Thébaud B, Goss KN, Laughon M, et al. Bronchopulmonary dysplasia.
Nat Rev Dis Primers. 2019;5:78.



