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Abstract

Background: Patent ductus arteriosus (PDA) is a common condition in premature babies, with a prevalence rate of 30 - 60%, and
often requires medical or surgical intervention.
Objectives: This study aimed to assess the effectiveness of 2 different brands of ibuprofen in PDA closure in preterm infants
weighing less than 1500 g.
Methods: This single-blind clinical trial study was performed on 75 premature neonates with PDA in the pediatric ward of Vali-Asr
Hospital in Birjand from March 2014 to March 2019. Patients were treated with two brands of ibuprofen at doses of 10 mg/kg for
the first day and 5 mg/kg for the second and third days (24 and 48 hours afterward). Before and three days after the last dose, the
children were examined by pediatric cardiologist echocardiography. The data were input into SPSS version 23 and analyzed using
descriptive statistics, such as mean and SD. Inferential statistics, such as the chi-square test, were also employed with a significance
level of P-value < 0.05.
Results: There was a significant difference between the rate of PDA closure, 78.8% in the Pedea group vs. 54.8% in the Ibuprofen
group (P = 0.03). In the Ibuprofen group, there was no difference in drug efficacy in PDA closure between male and female neonates
(P = 0.663). Also, in the Pedea group, there was a significant difference in terms of efficacy between male and female neonates (P =
0.049). No significant difference was observed in PDA closure between the two medications based on their sizes (P = 0.616 in small
size, P = 0.266 in medium size, and P = 0.175 in large size).
Conclusions: Pedea is more effective than Ibuprofen. It reduces complications and the need for surgery. However, there was no
significant relationship between the two drugs based on the PDA sizes. Therefore, it seems logical to use the Iranian brand of
ibuprofen, considering the benefits equal to the foreign one.
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1. Background

Patent ductus arteriosus (PDA) is a blood vessel
that occurs naturally in the embryo and should close
completely after birth. However, an open PDA is a
congenital defect where the PDA fails to close after
birth, causing it to remain open (1, 2). In PDA, excess
blood flow, which returns to the lungs from the PDA,
causes an increase in pulmonary pressure (3, 4). After
respiratory distress syndrome (93.6%), PDA is the second
most common disease (41.7%) in premature infants,

followed by bronchopulmonary dysplasia (37.8%) (5,
6). According to the conditions, the open PDA can be
treated with surgical or non-surgical methods. Most
premature infants need medical treatment to close the
arterial duct, thus leading to non-surgical methods (7,
8). Pharmacotherapy enables families to avoid the cost
of surgery (9, 10). Prostaglandins play an important role
in PDA retention. Therefore, cyclooxygenase inhibitors
are commonly used to close PDA, and their non-specific
cases include indomethacin and ibuprofen (11). Both
indomethacin and ibuprofen drugs block arterial duct in
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70% of cases; these two drugs compete with arachidonic
acid for the reaction site of cyclooxygenase. Therefore,
the levels of endogenous arachidonic acid affect the
capability of these drugs. If the level of arachidonic acid
is high, then there will be more substrate available for
cyclooxygenase to convert to prostaglandin production.
Conversely, if the level of arachidonic acid is low, then
there will be less substrate available for cyclooxygenase to
convert to prostaglandin, so ibuprofen and indomethacin
may have a more pronounced effect in inhibiting
prostaglandin production (12). In 1996, the nonsteroidal
anti-inflammatory drug (NSAID) indomethacin has been
the treatment of choice for PDA. Numerous studies have
been conducted to verify the efficacy of this medication
for this particular purpose. As a result, the drug has been
approved for neonatal intensive care unit (NICU) use and
can be administered intravenously at a dosage of 10, 5,
and 5 mg/kg body weight once daily for three consecutive
days. Compared to indomethacin, ibuprofen has been
shown to have fewer side effects in multiple trials and
is often considered in the treatment of PDA (13). It is
demonstrated that ibuprofen caused constriction of the
ductus arteriosus in newborn lambs, with the degree
of constriction increasing with dosage. Furthermore,
research has shown that ibuprofen can improve cerebral
blood flow (CBF) autoregulation in newborn animals and
has the potential for some degree of neuroprotection. In
contrast to indomethacin, ibuprofen does not decrease
or impair regional blood flow to the brain in newborns
and animals. All the mentioned factors have made the
use of ibuprofen preferable (14). In addition to the
benefits mentioned earlier, treatment with ibuprofen can
also reduce the risk of necrotizing enterocolitis (NEC)
and transient renal insufficiency. As a result, ibuprofen
appears to be the preferred drug of choice compared to
other options available (15). Similar to other medications,
ibuprofen is manufactured by various pharmaceutical
companies. For instance, ibuprofen intravenous injection,
5 mg/mL (Pedea), has received approval for use within NHS
Scotland in the treatment of hemodynamically significant
infants under 34 weeks of gestational age. However,
its safety and efficacy compared to existing alternative
treatments have not been formally assessed (16). Caspian
Tamin Pharmaceutical Company (Caspian Tamin), located
in Guilan Province, Iran, has international licenses to
manufacture drugs (17). This company provides ibuprofen
in the parenteral form of ampoule, 400 mg/4 mL, and its
brand name is Ibuprofen.

Because Pedea is an abroad brand and more expensive
and less available than ibuprofen, we decided to compare
the effects of the two drugs so that we can use ibuprofen
when needed. We decided to compare two different brands

of ibuprofen (the French form of ORPHAN pharmaceutical
company [Pedea brand] with the Iranian form of Caspian
Tamin pharmaceutical company [Ibuprofen brand]); thus,
we can assess the effect of the formulation of the two drugs
in this study. The ibuprofen injection produced by Caspian
Company is available in a concentration of 400 mg/4 mL,
and it needs to be diluted before intravenous infusion.
The recommended final concentration is 4 mg/mL or less.
Suitable diluents include 0.9% sodium chloride injection
USP (normal saline) or lactated ringers’ solution. During
administration, the infusion time must not be less than 30
minutes as per the guidelines provided by Caspian Tamin
Company (17).

Pedea is an injectable form that contains the active
substance ibuprofen. Pedea should only be used in the
NICU. Pedea is administered as three injections into a
vein, with each injection given at 24-hour intervals and
lasting for 15 minutes. A second course of 3 doses may be
administered if the ductus arteriosus fails to close within
48 hours after the final injection or if it re-opens. If
the condition remains unchanged even after the second
course of therapy, surgery may be required, as suggested
by the European Medicines Agency (18).

2. Objectives

This study aimed to assess the effectiveness of 2
different brands of ibuprofen in PDA closure in preterm
infants weighing less than 1500 g.

3. Methods

This single-blind clinical trial study was performed
on patients referred to the pediatric ward of Vali-Asr
Hospital in Birjand from March 2014 to March 2019.
The Ethics Committee of Birjand University of Medical
Sciences approved this study (code: IR.BUMS.REC.1397.325).
Inclusion criteria had no underlying heart disease,
having gestational age greater than 27 weeks but less
than 32 weeks, and a PDA size that responds positively
to drug therapy. In addition, premature infants with
PDA having a gestational age of at least 32 weeks or
a birth weight less than or equal to 1500 g were also
included in the study. Exclusion criteria were having
other heart disease and other underlying diseases, major
congenital anomalies, life-threatening sepsis, ductal
dependent congenital heart disease, major congenital
malformations, renal failure (creatinine > 1.5 mg/dL),
pulmonary hemorrhage, thrombocytopenia < 60,000/m3,
high level of alanine aminotransferase, urinary output
less than 1 mL/kg/h, bleeding from any part of the body,
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coagulation disorders, clinical/radiological evidence of
NEC, moderate to severe intraventricular hemorrhage
(grade 3 or 4 with or without intraparenchymal spread) or
the progression of intraventricular hemorrhage that was
recognized in an ultrasound earlier, hyperbilirubinemia,
and dissatisfaction. Finally, 75 premature infants with PDA
were enrolled in this study, and their demographic
information was extracted from their files. Then,
a checklist was designed based on similar studies
that included the patient’s first and last name, file
number, code assigned for the confidentiality of patient
information, gender, type of drug, and echocardiographic
results. In this single-blind study, due to the importance
of parents’ awareness and satisfaction with the treatment,
it was the parents’ choice to carry out drug treatment with
any of the two brands. For this reason, the distribution of
neonates with PDA in the study groups was not the same.

The information recorded from the patients’ files was
related to the effective rate of the drug on boys and girls,
and the rate of PDA closure was related to the size of
the lesion. In the treatment of these patients, ibuprofen
drug from 2 different brands was used. Patients were
treated with two brands of ibuprofen by injection at
doses of 10 mg/kg on the first day and 5 mg/kg on the
second and third day (24 and 48 hours later), which were
examined by echocardiography before starting treatment
and three days after receiving the last dose of treatment by
a pediatric cardiologist.

Once the data were collected, they were entered into
SPSS version 23 (SPSS Inc, Chicago, IL, USA). The data
was then analyzed using descriptive statistics such as
mean and SD, as well as inferential statistics such as the
chi-square test. P-values less than 0.05 were considered
statistically significant.

4. Results

Seventy-five premature neonates with PDA were
enrolled in this study. They were hospitalized in the
pediatric ward of Vali-Asr Hospital, affiliated with Birjand
University of Medical Sciences, from March 2014 to March
2019. The Ibuprofen group included 25 boys (59.5%) and 17
girls (40.5%), and the Pedea group included 23 boys (69.7%)
and 10 girls (30.3%). The mean gestational age in this study
was 29.00 ± 1.00 weeks (range, 27 to 31 weeks).

According to Table 1, of the 42 patients in the Ibuprofen
group, 23 (54.8%) recovered, and 19 (45.2%) did not respond
to treatment according to echocardiographic results. Also,
of the 33 patients in the Pedea group, 26 (78.8%) recovered,
and 7 (21.2%) did not respond to treatment. Therefore,
according to the chi-square test, there was a significant

difference in the rate of PDA closure between the Ibuprofen
and Pedea groups (P = 0.03).

Table 1. The Results of Treatment in the 2 Groups According to the
Echocardiographic Results

Medication
Brand

Echocardiography Results
P-Value

Closed, No. (%) Open, No. (%)

Ibuprofen 23 (54.8) 19 (45.2)
0.03

Pedea 26 (78.8) 7 (21.2)

As shown in Table 2, in the Ibuprofen group, there was
no difference in terms of efficacy in PDA closure between
male and female neonates (P = 0.663). Also, according
to the chi-square test in the Pedea group, there was a
significant difference in terms of efficacy in PDA closure
between male and female neonates (P = 0.049).

Table 2. Relationship Between Gender and Echocardiographic Results in the 2
Groups of Preterm Neonates Using Ibuprofen and Pedea

Medication
Brands

Echocardiography Results
P-Value

Closed, No. (%) Open, No. (%)

Ibuprofen 0.663

Male 13 (52.0) 12 (48.0)

Female 10 (58.8) 7 (41.2)

Pedea 0.049

Male 16 (69.6) 7 (30.4)

Female 10 (100.0) 0 (0.0)

Considering that the variable distribution of PDA size
in the two drug groups was not normal, so according to the
chi-square test, it can be said that the PDA size in the two
groups did not differ significantly (Table 3).

Table 3. Frequency Distribution of Patent Ductus Arteriosus Size in the 2 Drug
Groups

PDA Size Ibuprofen, No. (%) Pedea, No. (%) Total, No. (%)

Small* 15 (35.7) 7 (21.2) 22 (29.3)

Medium** 18 (42.9) 15 (45.5) 33 (44.0)

Large*** 9 (21.4) 11 (33.3) 20 (26.7)

Abbreviation: PDA, patent ductus arteriosus.
a * Small PDA: 0.8>, LA/AO < 1.4; ** Medium PDA: 0.8 - 1.5, LA/AO < 1.4; *** Large
PDA: 1.5 <, LA/AO > 1.4.

According to Table 4, no significant difference was
observed in PDA closure between the two medications
based on their size (P = 0.616 in small size, P = 0.266 in
medium size, and P = 0.175 in large size).
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Table 4. Comparison of the Effect of the 2 Drugs on Patent Ductus Arteriosus Closure in Different Sizes a

PDA Size and Medication Brands Closed PDA, No. (%) Open PDA, No. (%) P-Value

Small* 0.616

Ibuprofen 5 (83.3) 10 (62.5)

Pedea 1 (16.7) 6 (37.5)

Medium** 0.266

Ibuprofen 8 (72.7) 10 (45.5)

Pedea 3 (27.3) 12 (54.5)

Large*** 0.175

Ibuprofen 6 (66.7) 3 (27.3)

Pedea 3 (33.3) 8 (72.7)

Abbreviation: PDA, patent ductus arteriosus.
a * Small PDA: 0.8 >, LA.AO < 1.4; ** Medium PDA: 0.8 - 1.5, LA.AO < 1.4; *** Large PDA: 1.5 <, LA.AO > 1.4.

5. Discussion

This study investigated the effect of ibuprofen from
2 different brands on PDA closure in premature infants
referred to the pediatric ward of Vali-Asr Hospital in
Birjand from March 2014 to March 2019. The results
showed that the efficacy of PDA closure in the Pedea
brand was 78.8% and in the Ibuprofen brand was 54.6%,
indicating the greater effect of the Pedea brand on PDA
closure; however, no significant difference in PDA closure
was found between the two drugs based on their sizes.

Tofe et al. (19) demonstrated that paracetamol was
effective in PDA closure in premature neonates under
32 weeks of gestation. They showed that paracetamol
was comparable to ibuprofen and indomethacin in
treating PDA, with a closure rate of 77.7% observed in the
paracetamol group vs. 81.1% in the ibuprofen group. They
indicated that paracetamol could be an effective option
in PDA closure as a first-line treatment when ibuprofen
was not effective. In this study, the rate of PDA closure by
ibuprofen was slightly higher than in our study, but there
was no relationship between the size of the lesion and the
effect of the drug.

Al-Lawama et al. (20) conducted a study to assess
the safety and effectiveness of oral paracetamol vs oral
ibuprofen in treating PDA in 120 preterm neonates. They
revealed that the mortality rate was nearly the same in
both groups, with 23% in the paracetamol group vs. 22%
in the ibuprofen group. Additionally, the initial closure
rate was 69% for the paracetamol group and 78% for
the ibuprofen group. They indicated that there was no
significant difference in the mortality rate or initial closure
rate between the two groups (20). The short-term neonatal
outcomes were also found to be comparable for both oral
paracetamol and oral ibuprofen. These findings suggest

that both medications can be safely and effectively used to
treat PDA in premature infants. This study was similar to
the French type of ibuprofen in our study in terms of the
effect of ibuprofen, but it did not study the effect of the two
brands of the same drug.

In the study by Demir et al. (21), the efficacy and safety
of rectal ibuprofen for PDA closure in 72 premature infants
with very low birth weight (VLBW) were studied with the
aim of comparing rectal ibuprofen with oral ibuprofen.
They showed that rectal ibuprofen was as effective as oral
ibuprofen in closing PDA in VLBW neonates. The efficacy
rate in this study in both rectal and oral ibuprofen was
above 80%, while in our study, only the French form of the
drug had a result of about 78.8%, but its Iranian form had
a result of 54.6%. Since this study used a drug brand with
two different forms, it may be more similar to our study.

In a retrospective study by Olgun et al. (22), the
efficacy and safety of repeated courses of oral ibuprofen
in premature infants with PDA were evaluated to explain
the rate of PDA closure and side effects after repeated
courses of oral ibuprofen. A total of 100 patients received
oral ibuprofen, of whom 6 were unable to complete the
treatment due to death and side effects. Additionally,
three experienced side effects of oral ibuprofen, including
thrombocytopenia and renal dysfunction, during the
treatment period. After the treatment period, the PDA
closure rate was 88%. Also, in our study, only the French
form of the drug had a result of about 78.8%, but its Iranian
form had a result of 54.6%, which unlike it, we did not have
any side effects in our study.

In a randomized prospective study by El-Mashad et al.
(23), a comparative study of the effectiveness and safety of
paracetamol, ibuprofen, and indomethacin in PDA closure
was performed on 300 preterm infants. The patients
were randomly divided into three groups of 100 patients,
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and each group was treated separately with paracetamol,
ibuprofen, or indomethacin. The closure rate in the
ibuprofen group was 83%, which is similar to the effect of
the French form in our study.

In a randomized prospective study by Saad et al. (24),
the effect of intravenous paracetamol vs. oral ibuprofen
on PDA closure was studied on 40 neonates in the NICU
of Cairo University Children’s Hospital, which the rate of
closure by ibuprofen was 75% that is close to the effective
rate of the French form in our study, but neither of the two
final studies examined the effect of ibuprofen on lesion
size.

In Italy, Dani et al. (25) conducted a randomized
prospective study on 110 premature infants with PDA in 2
groups of 55 to compare paracetamol with ibuprofen. They
concluded that paracetamol had more significant benefits
than ibuprofen and could be considered the treatment of
choice due to fewer side effects, which is upstream, unlike
previous similar studies.

5.1. Conclusions

The rate of PDA closure was 78% in the Pedea group
and 54.6% in the Ibuprofen group. Pedea was significantly
more effective than ibuprofen, but the two drugs did not
have a significant difference in PDA closure based on size.
Therefore, it seems logical to use the Iranian brand of
ibuprofen, considering the benefits equal to the foreign
one.

5.2. Limitations

Conducting a study with a higher statistical
population, using a higher quality drug, with regard
to performing different studies with paracetamol and
similar and close to ibuprofen effects, it is also suggested
considering that the French type of ibuprofen has a
ready concentration, but the Iranian type of ibuprofen
needs preparation; the presence of a pharmacist is
recommended to monitor the preparation of the exact
concentration.
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