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ABSTRACT

Introduction : In this prospective study, we compared the efficacy and safety of ibuprofen, indomethacin, 
and paracetamol in the closure of patent ductus arteriosus (PDA) in preterm neonates.

Materials and 
Methods

: This randomized prospective study was conducted in the Division of Pediatric 
Cardiology, M. D. M and Umaid Hospital, Jodhpur. A total of 105 preterm neonates with 
gestational age <37 weeks and hemodynamically significant PDA (hs-PDA) diagnosed 
clinically and confirmed by echocardiography were enrolled. All neonates were randomly 
assigned in a ratio of 1:1:1 to oral indomethacin (Group A, 3 doses at an interval of 12 h 
with a starting dose of 0.2 mg/kg), oral ibuprofen (Group B, 10 mg/kg ibuprofen followed 
by 5 mg/kg/day for 2 days), or IV paracetamol (Group C, 15 mg/kg every 6 hourly for 
3 consecutive days). After the completion of the first course, neonates were assessed 
clinically as well as by echocardiography to confirm PDA closure. If PDA remained open, 
the second course of the same drug was given and repeat assessment was done within 
24 h of the last dose. In addition to an echocardiographic examination, complete blood 
counts, renal and liver function tests were performed.

Results : Our study shows that there was no significant difference observed in PDA closure 
among all the three treatment groups after the completion of two courses of treatment. 
The cumulative rate of PDA closure was 68% in the indomethacin group, 77.14% in 
the ibuprofen group, and 71.43% in the paracetamol group (P = 0.716). There were no 
significant changes found in Hb, platelet, blood urea nitrogen (BUN), creatinine, and liver 
enzymes after treatment in the paracetamol group (P > 0.05). BUN and serum creatinine 
levels were significantly increased after treatment in indomethacin and ibuprofen 
groups (P < 0.0001 and P < 0.05, respectively).

Conclusion : Our study shows that IV paracetamol is as effective as indomethacin and ibuprofen in 
promoting the closure of hs-PDA in premature infants with a better safety profile.
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less than 0.6 ml/kg/h, blood urea >40 mg/dl, serum 
creatinine >1.8 mg/dl, platelet count <60,000/mm3, 
hyperbilirubinemia requiring exchange transfusion, 
active necrotizing enterocolitis (NEC) and/or intestinal 
perforation, active bleeding, and evidence of birth 
asphyxia (APGAR score below 5 at 5 min and/or umbilical 
cord pH <7.0 at birth) were excluded from the study.

Primary outcome

To determine the rate of PDA closure after the first and 
second course of drugs and to determine the number of 
neonates requiring rescue drug therapy for PDA closure 
in all groups. The secondary outcome was to compare 
the side effects and complications in each group.

Clinical criteria for the diagnosis of hs-PDA were 
tachycardia, bounding pulse with wide pulse pressure, 
hyperdynamic precordium with continuous murmur on 
auscultation, hepatomegaly, and the failure of respiratory 
distress syndrome to improve within 2–7 days.[10] The 
following were the echocardiography criteria for hs-PDA: 
internal diameter of the duct >1.5 mm, left atrial dilatation 
(LA/Ao >1.4), diastolic turbulence (backflow) on Doppler 
in the pulmonary artery, and reversed end-diastolic flow 
in the descending aorta/mesenteric artery.[11]

The parents of neonates who met the inclusion criteria 
were briefed about the study and informed written 
consent was obtained to participate in the study. All 
eligible neonates were randomly assigned in a ratio of 
1:1:1 among oral indomethacin, oral ibuprofen, and 
intravenous (IV) paracetamol groups.

In Group A (indomethacin group), oral indomethacin 
(3 doses at 12 hourly intervals) with starting dose of 
0.2 mg/kg followed by 0.1 mg/kg for babies <2 days 
of age, 0.2 mg/kg for 2–7 days of postnatal life, and 
0.25 mg/kg for >7 days of postnatal life was given.

In Group B (ibuprofen group), oral ibuprofen at the 
initial dose of 10 mg/kg followed by 5 mg/kg after 24 
and 48 h was given.

In Group C (paracetamol group), IV paracetamol at 
15 mg/kg every 6 hourly for 3 consecutive days was 
given.

In each group, all enrolled neonates were given 
respective drugs, and after the completion of the first 
course, neonates were assessed clinically as well as by 
echocardiography to confirm PDA closure within 24 h of 
the last dose. If PDA remained open, the second course 
of the same drug was repeated and repeat clinical as 
well as echo assessment was done within 24 h of the 
last dose. If PDA failed to close after the second dose, 
then neonates were given sequential rescue drugs after 
repeating blood investigations. Neonates were followed 
up a week after PDA closure by echocardiography to 
reassess PDA patency.

INTRODUCTION

Patent ductus arteriosus (PDA) is defined as the failure 
of the ductus arteriosus (DA) to close within 72 h after 
birth.[1] The reported incidence of PDA in preterm 
neonates ranges from 20% to 60%.[2] A persistent 
PDA can cause significant problems, especially in 
premature infants. Thus, the early closure of PDA is 
important to prevent complications in preterm babies 
such as necrotizing enterocolitis, intraventricular 
hemorrhage (IVH), and bronchopulmonary dysplasia, 
etc.[3-5] There has been a lack of consensus regarding 
the treatment of PDA which includes conservative 
approach (fluid restriction and watchful waiting), 
pharmacological closure using cyclo-oxygenase (COX) 
inhibitors indomethacin, ibuprofen or acetaminophen, 
and surgical ligation.

There have not been large randomized controlled trials 
comparing pharmacologic management of PDA versus 
conservative approach and surgical ligation. There are 
several limitations of nonsteroidal anti-inflammatory 
drugs (NSAIDs) with concern regarding their safety 
profile. Renal dysfunction, gastrointestinal (GI) 
hemorrhage, increased bilirubin, and thrombocytopenia 
are few important adverse effects in neonates treated 
with NSAIDs.[6-8] There are published trials comparing 
indomethacin with ibuprofen and paracetamol with 
other NSAIDs. Only one randomized control trial has 
compared the efficacy and safety of paracetamol, 
ibuprofen, and indomethacin in the closure of PDA in 
preterm neonates.[9] Considering the promising effect 
of paracetamol in PDA closure as a safer alternative, we 
undertook this study to compare the safety profile and 
efficacy of all the three-mentioned drugs. To the best 
of our knowledge, we believe that this is the first study 
from India to do so.

MATERIALS AND METHODS

We planned a randomized prospective study. It was 
conducted in the Division of Pediatric Cardiology, 
Department of Pediatrics, M. D. M and Umaid Hospital, 
Dr S. N. Medical College, Jodhpur. The study duration 
was 1 year and the study was conducted after the 
Institutional Ethical Committee approval. The nature, 
purpose, and possible risks of the drug were explained 
to the parents in detail before obtaining written consent. 
Preterm neonates with gestational age <37 weeks, in the 
first 28 postnatal days of life with hemodynamically 
significant PDA (hs-PDA), diagnosed clinically and 
confirmed by echocardiography were included in the 
study. Neonates with major congenital anomalies, all 
right- and left-sided PDA-dependent congenital heart 
diseases, life-threatening infections; recent (within 
previous 24 h) IVH (Grade 3 and 4), urine output 
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The echocardiographic scan was done by a pediatric 
cardiologist using Philips EPIQ 7C ultrasound scanner 
located in our department. Each neonate enrolled in the 
study underwent scans in a thermoneutral environment 
under aseptic precautions. The scan was performed as 
per the guideline and recommendation for the targeted 
neonatal echocardiography in the neonatal intensive 
care unit.[12] The various PDA-related parameters were 
assessed and noted on the predesigned pro forma for 
this study.

Cranial ultrasound scanning was done before and after 
treatment to detect an IVH.

The data obtained were analyzed using  Microsoft Excel 
2010 with the help of SPSS (version 20.0, IBM Corp., 
Armonk, N.Y., USA) software. The results were expressed 
as mean values ± standard deviation. Categorical data of 
the sample were presented as number (%). The statistical 
analysis was performed using a Student’s t-test and 
Chi-square test to find the significance of the difference 
in mean between two variables. In our study, P < 0.05 was 
considered as significant with either negative or positive 
correlation on account of the biological variability.

RESULTS

A total of 105 preterm neonates were randomized 
into three groups (indomethacin, ibuprofen, and 
paracetamol). In each group, 35 patients were assessed 
for the closure of PDA. The baseline demographic and 
echocardiographic data of preterm infants were not 
statistically different [Table 1]. All baseline investigations 
in different treatment groups were also not statistically 
different [Table 2]. Our study shows there was no 
significant difference observed in PDA closure among the 
treatment groups after the completion of two courses of 
the treatment. The rate of closure after the first course 
was 22.86% in the indomethacin group, 37.14% in 
the ibuprofen group, and 42.46% in the paracetamol 
group [Table 3 and Figure 1]. The cumulative rate of 
PDA closure was 68% in the indomethacin group, 77.14% 
in the ibuprofen group, and 71.43% in the paracetamol 
group (P = 0.716).

In Group A, no significant difference was observed in 
hemoglobin and platelet counts after indomethacin 
treatment (P = 0.638), while blood urea nitrogen and 

serum creatinine levels significantly increased after the 
treatment (P < 0.0001). There was no change noted in 
pre- and posttreatment values of liver enzymes (P > 0.05).

In Group B, who were treated with oral ibuprofen as a 
primary drug, there were no significant changes noted 
in hemoglobin, platelet, and liver enzymes (P > 0.05). 
Serum creatinine and blood urea nitrogen (BUN) were 
found to be significantly increased after the ibuprofen 
treatment (P < 0.05) [Table 2].

In Group C, who were given paracetamol as the 
primary drug, there was no significant change in Hb, 
platelet, BUN, creatinine, and liver enzyme after the 
treatment (P ≥ 0.05).

NEC and GI tract bleeding were observed in 5.71% and 2.86% 
of the neonates, respectively, after indomethacin therapy, 
while it was 2.86% and 2.86%, respectively [Table 4], in 
the ibuprofen group. No GI bleeding and NEC occurred 
in patients after paracetamol therapy. Pulmonary 
hemorrhage was seen in 2.86% of the neonates in both 
indomethacin and paracetamol groups. No pulmonary 
hemorrhage occurred in any patient treated with 
ibuprofen. This was not statistically significant.

DISCUSSION

hs-PDA in preterm neonates is often associated with 
complications. Among various treatment modalities, 

Table 1: Baseline characteristics and echocardiographic data of preterm infants in all the studied groups
Group A 

(indomethacin) (n=35)
Group B 

(ibuprofen) (n=35)
Group C 

(paracetamol) (n=35)
ANOVA 

(P)
Gestational age (weeks) 31.77±2.26 31.42±1.72 32.14±2.01 0.335
Sex (male: female) 15:20 14:21 18:17 0.342
Weight (kg) 1.41±0.32 1.34±0.22 1.44±0.34 0.323
Age at start of medication (days) 10.85±4.25 10.77±5.63 9.02±3.43 0.167
PDA size (mm) 1.82±0.28 1.95±0.75 1.85±0.43 0.551
Left atrial/aortic root ratio 1.74±0.20 1.72±0.20 1.72±0.22 0.889

PDA: Patent ductus arteriosus

Figure 1: Patent ductus arteriosus closure in neonates according 
to the treatment group
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pharmacotherapy seems to be the therapy of choice 
before any device or surgical intervention because its 
proven safety and effectiveness in the treatment of the 
hs-PDA in preterm neonates.[13,14] COX inhibitors such as 
indomethacin and ibuprofen were historically used for 
the closure of PDA. However, new studies have shown 
that paracetamol could be an alternative therapeutic 
approach for the ductal closure. Paracetamol has 
been evaluated in many trials, which is as effective 
as traditional NSAIDs in PDA closure with fewer side 
effects.

Paracetamol is not a classical NSAID, and it reduces 
the synthesis of prostaglandins through the inhibition 
of  prostaglandin H synthase (PGHS) similar to NSAIDs 
but acts on a different enzyme site called the peroxidase 
region.

To the best of our knowledge, there is only one previous 
study that has compared the efficacy and side effects 
of all three prostaglandin inhibiting drugs in preterm 
neonates done by El-Mashad et al.[9] In their report all 
the three drugs were given intravenously, whereas in our 
study, the indomethacin and ibuprofen were given by 
oral route, while paracetamol was given intravenously. 
This is the first study of its kind from India, which has 
compared the efficacy and safety profile of indomethacin, 
ibuprofen, and paracetamol in preterm neonates.

Our study showed that paracetamol is as effective 
as indomethacin and ibuprofen for pharmacological 
ductal closure among preterm neonates. The rate of 

ductal closure was 68.57%, 71.42%, and 77.17% with 
indomethacin, paracetamol, and ibuprofen therapy, 
respectively. Similar observations reported by El-Mashad 
et al. revealed that paracetamol is as effective as 
indomethacin and ibuprofen for ductal closure among 
preterm neonates.[9] The rate of closure in their study was 
80%, 81%, and 77% with paracetamol, indomethacin, and 
ibuprofen, respectively. Dash et al. found that the PDA 
closure rate was 95% in indomethacin group and 100% 
in paracetamol group,[15] Yang et al. found that the ductal 
closure rate was 70.5% in the acetaminophen group 
and 77.6% in the ibuprofen group (P = 0.506).[16] Oncel 
et al. reported 100% PDA closure with IV paracetamol 
administration.[17] However, another study done by 
Roofthooft et al. showed disappointing results with IV 
paracetamol administration, as PDA closure was reported 
in only 18% of the patients with relatively low gestational 
age.[18]

Comparing the side-effect profile of all three drugs, there were 
no significant changes seen in BUN and serum creatinine in the 
paracetamol group. The risk of renal dysfunction was more in 
the indomethacin group than in the ibuprofen group. Similar 
results were reported by El-Mashad et al.[9] Earlier reports 
have shown that ibuprofen caused less vasoconstriction 
than indomethacin which results in less compromise of 
renal blood flow.[14,19,20] Hammerman et al. reported that 
paracetamol could offer important therapeutic advantages 
over NSAIDs (e.g., indomethacin and ibuprofen), as 
paracetamol has no peripheral vasoconstrictive effect and can 
be given to infants with clinical contraindications to NSAIDs.[21]

Table 2: Investigation before and after patent ductus arteriosus closure
Investigations Group A P Group B P Group C P

Before (n=35) After (n=35) Before (n=35) After (n=35) Before (n=35) After (n=35)
Hb 16.57±2.80 16.63±2.97 0.638 17.10±2.32 17.05±2.30 0.522 16.54±2.17 16.38±12.11 0.692
Platelet 184.11±79 181.67±77 0.833 198.28±79 190.06±64 0.117 183.05±71 172.028±66 0.435
Blood urea 30.05±7.02 43.42±7.30 <0.0001 27.97±6.68 34.74±8.59 <0.0001 29.85±8.37 30.34±10.23 0.766
Serum creatinine 0.87±0.26 1.01±0.26 <0.0001 0.85±0.35 0.92±0.34 0.005 0.79±0.17 0.76±0.23 0.560
SGOT 30.48±11.33 31.51±9.91 0.422 29.54±11.39 31.51±10.94 0.272 35.14±10.63 36.28±10.75 0.419
SGPT 26.74±9.05 29.34±8.15 0.127 26.17±9.27 27.17±7.85 0.528 29.28±11.35 30.74±9.38 0.409

PDA: Patent ductus arteriosus, Hb: Hemoglobin, SGOT: Serum glutamic oxaloacetic transaminase, SGPT: Serum glutamic pyruvic transaminase

Table 3: Outcome of neonates according to the treatment group
Parameters Group A (oral 

indomethacin) 
(n=35), n (%)

Group B (oral 
ibuprofen) 

(n=35), n (%)

Group C (IV 
paracetamol) 
(n=35), n (%)

P value 
Chi‑square test 

for independence
Primary outcome
Number of PDA closed after the first course of treatment 8 (22.86) 13 (37.14) 15 (42.85) 0.912
Number of PDA closed after the second course of treatment 16 (45.71) 14 (40.00) 10 (28.57) 0.660
Total number of PDA closed after two courses of primary drug 24 (68.57) 27 (77.14) 25 (71.42) 0.716

IV: Intravenous

Table 4: Spectrum of adverse effects observed in three different groups
Side effects Group A, n (%) Group B, n (%) Group C, n (%) Total, n (%) P (ANOVA)
NEC 2 (5.71) 1 (2.86) 0 3 (2.86) 0.357
GIT bleed 1 (2.86) 1 (2.86) 0 2 (1.90) 0.600
Pulmonary bleed 1 (2.86) 0 1 (2.86) 2 (1.90) 0.357

NEC: Necrotizing enterocolitis, GIT: Gastrointestinal tract
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There were no significant changes noted in serum 
glutamic oxaloacetic transaminase or serum glutamic 
pyruvic transaminase levels in all the three study 
groups. Jacqz Aigrain described that the metabolism of 
paracetamol changes with age and hepatotoxic effects 
are less in neonates than in older children.[22] However, 
in contrast to our results, some studies have reported 
hepatotoxicity with paracetamol.[23,24]

Our results showed that there was no significant 
change in the platelet level after treatment in all the 
three groups. Al-lawana et al. and some other studies 
reported the same results, with no significant change in 
the platelet level after treatment with paracetamol and 
ibuprofen.[25,26] El-Mashad et al. showed a significant 
difference in the platelet level after treatment in 
both ibuprofen and indomethacin groups, while 
no thrombocytopenia occurred after paracetamol 
treatment.[9]

NEC and GI bleeding were significantly increased in 
the indomethacin and ibuprofen groups with no GI 
bleeding, or NEC occurred in the patients treated with 
paracetamol therapy. The results of our study were in 
agreement with other reports.[27,28] Topical injury and 
COX-1 inhibition-mediated prostaglandin suppression 
are the two possible mechanisms described for GI 
bleed.[6] However, Dash et al. reported a high incidence 
of intestinal bleed with paracetamol.[15]

Limitation of the study

Our study was limited by a relatively small number of 
patients and a lack of blinding of the caregivers to the 
study intervention. We did not follow all patients to 
assess long-term outcomes. Further long-term analysis 
will be required, especially for neurodevelopmental 
adverse effects. These limitations could be addressed in 
future studies.

CONCLUSION

The result of our study shows that IV paracetamol is as 
effective as indomethacin and ibuprofen in promoting 
closure of the hs-PDA in premature infants with better 
safety profiles.
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