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Abstract
Background Data on the effectiveness of oral ibuprofen treatment for patent ductus arteriosus are limited, and the factors 
affecting its effectiveness remain unclear. Objective The aim was to identify the potential factors affecting the clinical effec-
tiveness of oral ibuprofen in preterm infants. Setting Neonatal intensive care unit in a prefecture-level maternal and child 
healthcare hospital in China. Method Over a 5-years period, the medical records of 327 preterm infants with patent ductus 
arteriosus who were admitted to the neonatal intensive care unit of our hospital to receive a single course of oral ibuprofen 
were retrospectively reviewed. Main outcome measures The prevalence of risk factors affecting the effectiveness of oral 
ibuprofen. Results In total, 201 (61.47%) preterm infants were considered to have undergone “effective therapy” and classified 
accordingly, whereas 11 (3.36%) showed certain adverse events. Factors affecting therapeutic effectiveness were postnatal 
age at the initiation of treatment and Day 1/Day 0 ratio of urine output/fluid intake during the treatment course, with odds 
ratios of 0.892 (95% CI: 0.835–0.953; P = 0.001) and 0.473 (95% CI 0.265–0.845; P = 0.011), respectively. Conclusion A 
single course of oral ibuprofen for patent ductus arteriosus closure among preterm infants is effective and safe. Preterm 
infants with postnatal age of ≤ 9 days at the initiation of treatment and Day 1/Day 0 ratio of ≤ 0.708 of the urine output/fluid 
intake during the treatment course can be considered predictors of effectiveness of patent ductus arteriosus.
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Impacts on practice

• These study findings provide another perspective on the 
possible impact of gestational age and birth weight on 
the effectiveness of ibuprofen on patent ductus arteriosus. 
Postnatal age at the initiation of oral ibuprofen treatment 
seems to be another crucial factor. This data could assist 
pharmacists and physicians in optimizing strategies for 

the clinical treatment of preterm infants with patent duc-
tus.

• The study proves that oral ibuprofen is effective in the 
treatment of patent ductus arteriosus in preterm infants. 
However, treatment with this drug was not effective for 
all preterm infants with patent ductus arteriosus.

• For instance, the Day 1/Day 0 ratio of > 0.708 of urine 
output/fluid intake during the treatment course may face 
treatment failure. Thus, these parameters are crucial for 
the monitored use of oral ibuprofen in clinical practice.

Introduction

Patent ductus arteriosus (PDA) is one of the most common 
complications among preterm infants which is associated with 
increased mortality and morbidities such as bronchopulmo-
nary dysplasia (BPD), necrotizing enterocolitis (NEC), and 
intraventricular hemorrhage (IVH) [1]. Many studies have 
shown that treatment with cyclooxygenase inhibitors (such as 
indomethacin and ibuprofen) [2, 3] and surgical closure [4] 
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are effective in closing ductus arteriosus in preterm infants. 
However, the debate regarding selection of the appropriate 
treatment method is ongoing, and there is lack of definite evi-
dence supporting the benefit of these PDA treatments in con-
trast to watchful waiting with supportive care [5–8]. Emerging 
concerns of morbidity associated with surgical ligation were 
identified, such as increased risk of chronic lung disease, retin-
opathy of prematurity, and neurodevelopmental impairment, 
particularly in the most immature babies and during the 1st 
week of life [9, 10]. Recently, ibuprofen has gained increased 
attention. Ibuprofen is as effective as indomethacin in PDA 
closure [2, 11]; however, it is considered superior to indo-
methacin because it decreases the mesenteric and renal blood 
circulation to a lesser extent and is accompanied by fewer renal 
complications [12].

Although PDA is treated with ibuprofen in current clinical 
practice, the closure rate of PDA is significantly different in 
some reports and there are some controversies surrounding the 
clinical rationale, administration and optimal timing of PDA 
treatment. Yoo et al. [13] suggested that PDA treatment can be 
delayed until the clinical symptoms become prominent. More-
over, definite evidence supporting the benefits of PDA treat-
ment in contrast to watchful waiting with supportive care is 
necessary [14, 15]. These studies revealed other factors affect-
ing ibuprofen effectiveness in PDA treatment. Furthermore, 
ibuprofen is similar to all nonsteroidal anti-inflammatory drugs 
(NSAIDs) and functions by blocking cyclooxygenases, which 
are key enzymes in the first rate-limiting step in the conversion 
of arachidonic acid into prostaglandins (PGs), which may be 
associated with adverse effects on multiple organ systems such 
as thrombocytopenia, impaired renal function, and gastroin-
testinal symptoms [16, 17]. More notably, PG E2 signaling 
was related with the enhanced expression of germ cell sur-
vival genes in human fetal ovaries [18], and Leverrier-Penna 
et al. [19] reported that ibuprofen had deleterious effects on 
the development of first trimester human fetal ovary ex vivo. 
Therefore, it is unclear whether it affects the germ cells in 
preterm infants. These findings suggest that ibuprofen should 
be used rationally and carefully to treat PDA, and evaluation of 
factors influencing its effectiveness for PDA can help identify 
eligible patients. Recently, only a few reports evaluated fac-
tors associated with ibuprofen effectiveness in PDA treatment 
[17, 20]. Currently available data suggest that factors includ-
ing gestational age, birth weight, and perinatal risk factors 
increased the risk of PDA [21–23]. Unfortunately, the cor-
relations between these factors and treatment outcomes have 
not been clearly explored.

Aim of the study

The current study aimed to identify the factors that affect 
the clinical effectiveness of oral ibuprofen (OIBU) in PDA 
treatment administered at a recommended dosage [5, 21].

Ethics approval

The study protocol was approved by the Medical Ethics 
Committee of Ningbo Women and Children’s Hospital (reg-
istration no: EC2020-034). Analysis was performed using 
anonymized data.

Method

Subjects

We retrospectively reviewed preterm infants admitted to the 
neonatal intensive care unit (NICU) of our hospital from 
January 2014 to October 2019 who presented with PDA and 
were receiving OIBU treatment. All patients were started 
on a recommended loading dose at 10 mg/kg of OIBU via 
a nasogastric tube and followed up with two additional 
doses of OIBU (5 mg/kg), which were administered at 24-h 

Fig. 1  Study design and recruitment flow chart. PDA patent ductus 
arteriosus, NICU neonatal intensive care unit
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intervals [5, 21]. The medical records of 327/440 preterm 
infants admitted to the NICU presenting with PDA were 
retrospectively reviewed (Fig. 1).

For diagnosis and follow-up, echocardiography and 
Doppler ultrasonography were performed for PDA. In our 
unit, infants were examined daily during the initial weeks 
for changes in respiratory support and clinical symptoms/
signs related to PDA (e.g., cardiac murmur, bounding pulses, 
hyperdynamic precordium, and/or significant respiratory dis-
tress). Treatment was necessary when the PDA appeared to 
be ≥ 1 mm in size on color Doppler echocardiography, with 
dominant left-to-right ductal shunting. Patients with the fol-
lowing factors at the initiation of treatment were excluded 
from our analysis: the presence of major congenital anoma-
lies, grade 3 intraventricular hemorrhage, hemorrhage ten-
dency, hyperbilirubinemia requiring blood exchange, and 
NEC or suspected NEC or in patients with serum creati-
nine level of > 141.44 μmol/L, blood urea nitrogen (BUN) 
level of > 17.8 mmol/L, and platelet count of < 60 × 106/mL. 
As shown in Fig. 1, 113 infants were excluded from the 
analyses.

Data collection and outcome measurement

Data collected on the basic clinical characteristics of patients 
treated with OIBU included the following: sex, gestational 
age, birth weight, 1- and 5-min Apgar scores, small for ges-
tational age, mode of delivery, chorioamnionitis, antenatal 
steroid use, postnatal age at the initiation of OIBU, body 
weight at the initiation of OIBU, presence/absence of oxygen 
support, BUN and serum creatinine levels, and the use of 
inotropic drugs (dopamine and dobutamine) and diuretics 
for ≥ 24 h during OIBU treatment.

Data on the therapeutic effectiveness and adverse events 
during the treatment were collated. The patients were 
assessed clinically and echocardiographically at 24 h after 
the third dose. They were divided into the “effective” and 
“ineffective” groups based on whether the clinical signs 
improved and PDA flow disappeared or the ductal shunt 
was minimal on echocardiography. All infants whose con-
dition did not meet this criterion were included in the inef-
fective group. IBU-administered patients were observed for 
renal, gastrointestinal, and cerebral adverse events. Serum 
BUN, creatinine and platelet counts were evaluated before 
and after treatment. During treatment, adverse outcomes of 
OIBU treatment were considered as increase in serum cre-
atinine level to > 141.44 μmol/L or BUN to > 17.8 mmol/L 
and decrease in urine output to < 1 mL/kg/h and platelet 
count to < 60 × 106/mL.

Outcome measures included death before discharge, BPD 
(defined as the need for supplemental oxygen and/or positive 
pressure to maintain oxygen saturation of > 90% at 28 days 
after birth), IVH (grade ≥ 3), periventricular leukomalacia, 

NEC (> bell stage IIb), and retinopathy of prematurity 
(stage ≥ 3). Long-term neurodevelopmental outcome data 
were not collected in this study.

Statistical analysis

Enumeration and categorical data were expressed as 
mean ± standard deviation and numbers, respectively. Nomi-
nal variables were analyzed using Pearson’s Chi square test 
or Fisher’s exact test. Moreover, univariate crude odds ratio 
(OR) with 95% confidence interval (CI) for significant fac-
tors associated with the therapeutic effectiveness of PDA 
treatment were calculated using multivariate logistic regres-
sion analysis. A receiver operating characteristic (ROC) 
curve for factors influencing the outcomes of PDA treatment 
was created, with area under the curve (AUC) recorded, to 
determine cutoff values. All data were analyzed using sta-
tistical package for social sciences (SPSS) version 19.0. P 
values of < 0.05 were considered statistically significant.

Results

A total of 327 preterm infants (181 males, 146 females) 
were included in this study. Their mean gestational age 
was 31.17 ± 3.06 weeks (range 23.71–36.57 weeks) and 
birth weight was 1632 ± 617 g (range 700–3200 g). Ninety-
four (28.75%) of the infants were very-low-birth-weight or 
extremely-low-birth-weight infants. Based on the aforemen-
tioned criteria, 201 (61.47%) preterm infants were classi-
fied as effective and 126 (38.53%) as ineffective, of which 
26 infants received a second course of OIBU treatment. 
Table 1 shows the clinical characteristics of both groups. 
At the initiation of OIBU treatment, the effectiveness sig-
nificantly differed for birth weight (P < 0.001), gestational 
age (P < 0.001), presence of respiratory distress syndrome 
(P = 0.003), 1-min Apgar score (P = 0.006), 5-min Apgar 
score (P < 0.001), number of sepsis events (P = 0.043), age at 
first diagnosis of PDA (P = 0.027), postnatal age (P < 0.001), 
body weight (P < 0.001), and mean heart rate (P < 0.001).

Eleven preterm infants showed some adverse events, 
including thrombocytopenia (n = 2) and renal func-
tion impairment (n = 9). Among preterm infants with 
renal impairment, serum creatinine levels of four 
were > 141.44 μmol/L, BUN level of one was > 17.8 mmol/L, 
and four had urine output of < 1 mL/kg/h. These were con-
sidered complications of OIBU treatment, and all complica-
tions were resolved within 1 week after discontinuation of 
the drug.

Fluid intake and urine output were evaluated before and 
after the course of OIBU treatment. The average urine out-
put/fluid intake ratio was significantly different before and 
after the course of OIBU treatment among patients (Table 2). 
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Table 1  Characteristics of 
preterm infants with PDA who 
met the study inclusion criteria

BW birth weight, GA gestational age, SGA small for gestational age, RDS respiratory distress syndrome, 
PIH Pregnancy-induced hypertension, GH gestational hyperglycemia, NPPV noninvasive positive pressure 
ventilation, IMV invasive mechanical ventilation, PDA patent ductus arteriosus, OIBU oral ibuprofen, SD 
standard deviation
# At the initiation of OIBU treatment
& During the course of OIBU treatment
*Statistically signifcant at 0.05 level

Characteristic Total (n = 327)

Effective, mean ± SD (n = 201) Ineffective, 
mean ± SD 
(n = 126)

P value

Sex (male/female), n 112/89 69/57 0.865
BW, g 1795.1 ± 666.82 1372.18 ± 414.26 < 0.001*
GA, wk 31.97 ± 3.07 29.9 ± 2.59 < 0.001*
SGA, n (%) 6 (2.99) 7 (5.56) 0.247
Asphyxia, n (%) 45 (22.39) 40 (31.75) 0.060
RDS, n (%) 175 (87.06) 122 (96.83) 0.003*
Multiple gestation, n (%) 150 (74.63) 88 (69.84) 0.344
Cesarean delivery, n (%) 142 (70.65) 78 (61.9) 0.101
Use of antenatal steroids, n (%) 16 (7.96) 14 (11.11) 0.337
PIH, n (%) 35 (17.41) 21 (16.67) 0.862
GH, n (%) 33 (16.42) 22 (17.46) 0.806
1-min Apgar score 8.07 ± 1.60 7.55 ± 1.65 0.006*
5-min Apgar score 9.27 ± 1.07 8.85 ± 1.1 0.001*
Use of pulmonary surfactant, n (%) 142 (70.65) 101 (80.16) 0.055
Sepsis#, n (%) 34 (16.92) 33 (26.19) 0.043*
Age at first diagnosis of PDA, d 1.74 ± 2.12 2.35 ± 2.85 0.027*
PDA size at diagnosis, mm (range) 2.44 ± 0.68 (1-4.5) 2.58 ± 0.60 (1-4.6) 0.059
Postnatal  age#, d 6.70 ± 3.90 9.29 ± 4.37 < 0.001*
Body  weight#, kg 1.81 ± 0.64 1.44 ± 0.42 < 0.001*
Mean heart  rate#, bmp 146.14 ± 7.96 149.90 ± 9.41 < 0.001*
Respiratory  support& 0.128
Supplemental oxygen-air mixture, n (%) 36 (17.91) 17 (13.49)
NPPV, n (%) 122 (60.70) 70 (55.56)
IMV, n (%) 43 (21.39) 39 (30.95)
Use of inotropic  agents&, n (%) 120 (59.70) 66 (52.38) 0.193
Use of  diuretic&, n (%) 48 (23.88) 26 (20.63) 0.495

Table 2  Evaluation of urine output/fluid intake of preterm infants who were given the course of OBIU treatment (mean ± SD)

OIBU oral ibuprofen, SD standard deviation
# VS Day0, P < 0.05; ##VS Day0, P < 0.01
*Statistically significant at 0.05 level

Average urine output/fluid intake of preterm infants during the course of OBIU treatment

Outcome Day 0 Day 1 Day 2 Day 3

Urine output/fluid intake 0.70 ± 0.21 0.57 ± 0.18## 0.61 ± 0.17## 0.67 ± 0.18#

Urine output/Fluid intake of preterm infants who were classified as the “effective and ineffective groups”

Group Day 0 Day 1 Day 2 Day 3 Day1/Day0

Effective 0.73 ± 0.22 0.55 ± 0.18 0.61 ± 0.17 0.67 ± 0.18 0.84 ± 0.47
Ineffective 0.66 ± 0.18 0.59 ± 0.19 0.61 ± 0.16 0.68 ± 0.18 0.95 ± 0.40
P value 0.006* 0.052 0.899 0.634 0.028*
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The urine output/fluid intake ratio was significantly different 
between responders and nonresponders before the treatment 
(Table 2). Notably, the Day 1/Day 0 ratio of urine output/
fluid intake during the course of OIBU treatment in the 
effective group was significantly lower than that in the inef-
fective group (Table 2).

No significant differences were found in mean serum cre-
atinine and BUN levels before and after the treatment course. 
However, it was noteworthy that platelet counts were higher 
after the treatment course (as opposed to falling) (Table 3).

Table 4 shows that no significant differences were found 
in the mortality using univariate analysis; however, the inci-
dence of adverse outcomes including that of NEC, PVL, and 
BPD was higher in the ineffective group than in the effective 
group. Furthermore, the length of hospital stay was shorter 
in the effective group than in the ineffective group.

Postnatal age at the initiation of OIBU and the Day 1/
Day 0 ratio of urine output/fluid intake during the course 
of OIBU treatment were found to act as predictive fac-
tors of the effectiveness of OIBU treatment for PDA, with 
ORs of 0.892 (95% CI 0.835–0.953; P = 0.001) and 0.473 
(95% CI 0.265–0.845; P = 0.011), respectively (Table 5). 
Postnatal age at the initiation of OIBU treatment was the 
most significant predictive factor of effectiveness with an 
AUC of 0.690 (95% CI 0.632–0.748; P < 0.001; Fig. 2). 
The postnatal age cutoff value of 9 days at the initiation of 

OIBU treatment had a specificity and sensitivity of 77.6% 
and 58.8%, respectively, in predicting the effectiveness of 
PDA treatment. ROC curve obtained for the Day 1/Day 0 
ratio of urine output/fluid intake during the course of OIBU 
treatment also showed significance in predicting the effec-
tiveness of PDA treatment, with an AUC of 0.629 (95% CI 
0.567–0.690; P < 0.001; Fig. 2). The cutoff value of 0.708 
for this predictive factor had a specificity and sensitivity of 
45.8% and 76.2%, respectively, in predicting the effective-
ness of PDA treatment.

Discussion

Appropriate management of PDA, particularly in very pre-
term infants, is an ongoing challenge [6]. The risk of mor-
bidities such as NEC, IVH, and BPD may increase because 

Table 3  Serum creatinine and BUN levels and platelet counts before 
and after the course of OIBU treatment (mean ± SD)

Scr serum creatinine, BUN blood urea nitrogen, PLT platelet count, 
OIBU oral ibuprofen, SD standard deviation
*Statistically significant at 0.05 level

Outcome Pretreatment After course P value

Scr (μmol/L) 74.42 ± 21.52 73.97 ± 21.73 0.788
BUN (mmol/L) 4.21 ± 2.17 4.45 ± 2.61 0.217
PLT/mL (× 106) 206.23 ± 78.00 244.32 ± 98.23 < 0.001*

Table 4  In-hospital outcomes 
of preterm infants who were 
classified as the “effective and 
ineffective groups” after the 
course of OIBU treatment

NEC necrotizing enterocolitis, ROP retinopathy of prematurity, IVH intraventricular hemorrhage, PVL 
periventricular leukomalacia, BPD bronchopulmonary dysplasia, LOS length of hospital stay, OIBU oral 
ibuprofen, SD standard deviation
*Statistically significant at 0.05 level

Outcome, n (%) Effective (n = 201) Ineffective (n = 126) P value

Mortality ≥ 3 days after birth 2 (1.00) 4 (3.17) 0.153
NEC 4 (1.99) 15 (11.90) < 0.001*
ROP 16 (7.96) 18 (14.29) 0.068
IVH 7 (3.48) 6 (4.76) 0.564
PVL 8 (3.98) 12 (9.52) 0.042*
BPD 64 (31.84) 75 (59.52) < 0.001*
LOS, mean ± SD (range) (days) 34.87 ± 17.62 (10–79) 48.85 ± 21.85 (10–98) < 0.001*

Table 5  Multivariate logistic regression analysis of the factors influ-
encing the efficacy of OIBU in PDA treatment

PDA patent ductus arteriosus, OIBU oral ibuprofen, CI confidence 
interval
# At the initiation of OIBU treatment
& The ratio of urine output/fluid intake during the course of OIBU 
treatment
*Statistically significant at 0.05 level

Variables P value Odds ratio Lower 95% CI Upper 95% CI

Gestational 
age

0.756 1.004 0.978 1.032

Postnatal  age# 0.001* 0.892 0.835 0.953
Body  weight# 0.068 2.483 0.934 6.599
Day 1/Day  0& 0.011* 0.473 0.265 0.845
Mean heart 

 rate#
0.342 0.985 0.954 1.016

Apgar score, 
5 min

0.246 1.150 0.908 1.458

Sepsis# 0.154 0.635 0.340 1.186
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of later closure of PDA with prolonged left-to-right ductal 
shunting in very preterm infants [24, 25]. There is a sig-
nificant amount of published data on the effectiveness of 
ibuprofen for closure of PDA [2, 5, 11]; however, to our 
knowledge, factors influencing effectiveness of OIBU treat-
ment for PDA have not been explored in detail. This study 
demonstrated that single-course OIBU treatment is effective 
for the treatment of infants with PDA in NICU settings. We 
further evaluated the clinical presentations of study subjects 
and identified risk factors influencing the effectiveness of 
OIBU administered at a recommended dose for closure of 
PDA in preterm infants.

In our study, the PDA closure rate was observed in 
61.47% of preterm infants (201/327), which was essentially 
consistent with the findings in the first course treatment of 
relevant reports [5, 17]. Furthermore, we found that the inci-
dence of NEC, PVL, and BPD decreased significantly and 
the total hospitalization duration was shorter in the early 
PDA closure group. Gestational age has been reported to be 
an independent protective factor [17, 20]. We also found that 
the effectiveness of OIBU treatment increased with gesta-
tional age and birth weight in preterm infants, which may be 
related to the pharmacokinetic changes of ibuprofen among 
preterm infants with different maturity. Moreover, the matu-
rity of preterm infants is positively correlated with that of 
the ductal constriction mechanism, possibly promoting the 
effective closure of PDA [26].

Sharma et  al. [20] reported that the 1st week after 
birth is recognized as a sensitive period for drug treat-
ment: when a preterm infant is administered the drug 
within 40 h of birth, the PDA closure rate is 90%, and 
when administered 40 h after birth, the PDA closure rate 
is only 68%. This may be attributable to the maturation 
of cytochrome P450 proteins with increasing age, lead-
ing to a significant increase in ibuprofen clearance and a 

rapidly shortened half-life of the drug. van der Lugt et al. 
[17] reported a positive correlation between the postnatal 
age at the start of the first IBU course and the need for 
a second IBU course. The closure rate in patients who 
received the first course during the first 4 postnatal days 
was found to be significantly higher [17]. It is noteworthy 
that our study indicated such a relationship, i.e., the time 
of first course of ibuprofen after birth was significantly 
earlier in the effective group than in the ineffective group. 
Results of multivariate logistic regression analyses reveled 
that postnatal age at the initiation of OIBU treatment sig-
nificantly predicted its clinical effectiveness. ROC curve 
revealed the cutoff for postnatal age at the initiation of 
OIBU treatment of 9 days. Therefore, timely PDA treat-
ment is significant to improve the closure rate. Moreover, 
Bell et al. [27] found that PDA morbidity could be sig-
nificantly reduced if fluid intake was strictly controlled in 
preterm infants within 5 days after birth. Sung et al. [6] 
reported that the use of diuretics and fluid restriction dur-
ing treatment compared with mandatory closure with indo-
methacin for PDA in extremely-low-birth-weight infants 
yields more positive outcomes. To a certain extent, these 
studies have revealed the effect of fluid imbalance during 
PDA treatment. In our study, infants were managed with 
judicious fluid restriction and pro re nata diuretics with 
respiratory support as required. Notably, the Day 1/Day 
0 ratio of urine output/fluid intake during the course of 
OIBU treatment acted as a predictive factor for the effec-
tiveness of ibuprofen treatment of PDA, with an OR of 
0.473. The ROC curve indicated a cutoff value of 0.708 
for this factor had a specificity of 45.8% and a sensitivity 
of 76.2% in predicting the effectiveness of PDA treatment. 
The underlying reasons may be related to the sensitivity 
to ibuprofen among different infants, i.e., the higher the 
sensitivity, the better the therapeutic effect. These findings 

Fig. 2  Receiver operating 
characteristic curve for predict-
ing effectiveness of OIBU in 
treating PDA based on postnatal 
age at the initiation of OIBU 
and the Day 1/Day 0 ratio of 
urine output/fluid intake during 
the course of OIBU treatment. 
1: Black, postnatal age at the 
initiation of OIBU treatment. 2: 
Blue, the Day 1/Day 0 ratio of 
urine output/fluid intake during 
the course of OIBU treatment. 
(N = 327). PDA patent ductus 
arteriosus, OIBU oral ibuprofen, 
AUC  area under the curve
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suggest that the effectiveness of OIBU treatment for PDA 
is partially dependent on postnatal age at the initiation 
of OIBU treatment of ≤ 9 days and the Day 1/Day 0 ratio 
of urine output/fluid intake during the course of OIBU 
treatment of ≤ 0.708. This may benefit some of patients 
who failed the treatment using a recommended dose, for 
instance, timely administration or dosage adjustment.

The rates of the complications of IBU in preterm infants 
have significantly differed. van der Lugt et al. [17] reported 
that 15 patients (9.15%) had OIBU-related complications, 
whereas Olgun et al. [5] reported only 3 patients (3.2%). 
In our study, OIBU-related complications were observed 
in 11 patients (3.36%) and none of the complications 
observed were severe; all complications resolved after 
drug discontinuation.

As a retrospective review of medical records, this study 
has certain limitations. OIBU was determined by clini-
cian’s preference rather than randomization. Thus, the 
definition of “effectiveness” is not sufficiently objective. 
There may be unmeasured confounders associated with 
our observation, such as individual difference in attending 
physicians, nursing care, and medical devices. Moreover, 
other confounding variables were variations in clinical 
management policies including respiratory management, 
fluid administration, and the use of diuretics. Further, due 
to the limited conditions, neurodevelopmental outcomes 
and long-term benefits and risks of OIBU for PDA in pre-
term infants were not studied. Therefore, future prospec-
tive double-blind trials are needed to clarify these issues.

Conclusion

We investigated the clinical features of preterm infants who 
received OIBU treatment for PDA and identified factors 
affecting effectiveness and safety. Our data suggested that a 
single course of OIBU is effective and safe in PDA closure; 
furthermore, preterm infants with PDA and postnatal age at 
the initiation of OIBU of ≤ 9 days and the Day 1/Day 0 ratio 
of urine output/fluid intake during the course of OIBU treat-
ment of ≤ 0.708 may be an appropriate intervention for PDA. 
These findings warrant a prospective study to determine fac-
tors associated with the short- and long-term benefits and 
risks of OIBU for PDA in preterm infants.
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