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Abstract

Background: The arterial ductus is a major communicative pathway which is naturally patent in the fetus, connecting the body
of the major pulmonary artery to the descending aorta. Although usually closing on its own, the patent ductus arteriosus (PDA)
may remain open in the second postnatal week due to a lack of prompt diagnosis in the initial days of life or an absence of prompt
treatment.
Objectives: To prevent the untoward sequelae of patency of the ductus arteriosus, and to avoid invasive surgery at higher ages,
the researchers in the present study embarked on determining the effects of oral ibuprofen during the second postnatal week on
newborns with patent ductus arteriosus.
Patients andMethods: In this study, 70 neonates aged eight to 14 days, presenting at Khatam-al-Anbia clinic and the NICU ward of
Shahid Sadoughi hospital in Yazd, Iran, who were diagnosed with PDA through auscultation of heart murmurs and echocardiogra-
phy, were randomly assigned to two groups. The experimental group received oral ibuprofen of 10 mg/kg in day 1, 5 mg/kg in day
2, and 5 mg/kg in day 3 administered by their parents. The control group did not receive any drug. Parents were informed of the
potential drug complications and side effects and asked to report them to the researchers if any occurred.
Results: After intervention, the patent ductus arteriosus was closed in 62.9% of the neonates in the experimental group (35 new-
borns) who received oral ibuprofen, while it was closed in 54.3% of the control neonates (35 newborns) who did not receive any
drug (P = 0.628). No complications were observed in either of the neonatal groups.
Conclusions: Our findings showed that administration of oral ibuprofen had no significant effect on the medicinal closure of PDA
in full-term neonates during the second postnatal week.
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1. Background

The ductus arteriosus is a large communication path-
way that is naturally patent in the fetus, connecting the
trunk of the major pulmonary artery to the descending
aorta. In full-term neonates, the functional closure of
the ductus arteriosus occurs during the first few hours af-
ter birth. In most full-term newborns, no blood actually
passes through the ductus after 96 hours (1). It has been
shown that the increased pressure of the arterial blood
oxygen, which occurs following postnatal pulmonary ven-
tilation, leads to the closure of the ductus arteriosus (2).
Furthermore, other factors contributing to the closure of
the ductus include nitric oxide and proteins. The factors
contributing to the dilation of the ductus are hypoxemia,
endothelin-1, acetylcholine, bradykinin, norepinephrine,
and prostaglandin E1 (3, 4). In addition, high altitude is an-
other factor that may delay closure of the PDA (5).

During the initial postnatal hours, any factor that in-
duces a reduction in blood oxygen level or an increase in
prostaglandins may impair the course of the closure of the
ductus (6). On the other hand, the effects of these sub-
stances are related to the intrauterine gestational age of
the fetus. In preterm neonates, the susceptibility of the
ductus to the effects of patency due to prostaglandins is
more noticeable and decreases with increasing age. Hence,
patency is more prevalent in premature newborns (7).
Moreover, the ductus arteriosus constricts to close itself
during the initial postnatal days in full-term neonates (GA
≥ 37) (3).

Closure of the PDA is important for the treatment and
management of neonates’ cardiovascular and respiratory
problems (8). The prevalence of PDA in full-term neonates
varies between 1/2000 to 1/2500 (9). It has been associ-
ated with high morbidity and mortality rates (10). In-
domethacin was the first drug used for PDA closure. How-
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ever, since it had many complications of a high preva-
lence, attempts have been made to replace it with a better
drug. Finally, the American Food and Drug Administration
granted permission for the IV use of ibuprofen lysine (neo-
profen) in cases of PDA in neonates (11).

The effects of ibuprofen on the closure of PDA are sim-
ilar to those of indomethacin (12). However, it is superior
to indomethacin in that it decreases the mesenteric and
renal blood circulation to a lesser degree compared to in-
domethacin (11) and it is accompanied by fewer renal com-
plications (13). Ibuprofen is very effective in the closure of
PDA in the initial postnatal days (14). What is important,
though, is that the PDA may not yet be discovered due to
lack of early diagnosis in the initial postnatal days or lack
of prompt management in the second postnatal week.

2. Objectives

Consequently, to ward off the untoward complications
of PDA and to avoid invasive surgery at higher ages due
to aggravation of the symptoms, the researchers in the
present study embarked on determining the effects of oral
ibuprofen during the second postnatal week on newborns
with PDA.

3. Patients andMethods

This randomized single-blind clinical trial was carried
out on 70 neonates in their first eight to 14 days of life at
gestational week 37 who had presented to Khatam-al-Anbia
clinic and the NICU ward of Shahid Sadoughi hospital in
Yazd, Iran, during 2011 to 2015. The PDA in the neonates
was diagnosed during clinical consultation via ausculta-
tion of cardiac souffle and confirmed with echocardiog-
raphy. The cases of PDA with a diameter less than 3 mm
(small size) were included in the study. The exclusion crite-
ria were: ductal dependent disease (especially severe jux-
taductal coarctation), cyanotic cardiac diseases including
Fallot’s tetralogy, severe pulmonary stenosis, and transpo-
sition of the great arteries (TGA). Echocardiography was
performed on all neonates under study for confirmation of
diagnosis before intervention, and for comparison of the
case and control groups before and after intervention.

Using the of of Random Numbers, the newborns were
randomly assigned into two equal groups of 35: the ex-
perimental group, i.e., Group A, who received treatment,
and the control group, i.e., Group B, who received nothing.
Information pertaining to the neonate’s disorder and the
therapeutic method used, as well as the untoward compli-
cations of ibuprofen, was given to the parents before in-
tervention. Informed written consent was obtained from

all parents. The neonates in group A (19 girls and 16 boys)
received oral ibuprofen for three consecutive days for the
closure of the PDA. The dosage regimen included 10 mg/kg
in day 1, 5 mg/kg in day 2, and 5 mg/kg in day 3, which
were consecutively administered after 24-hour intervals.
The oral ibuprofen syrup consisted of 100 mg/mL (Ibukim)
manufactured by Hakim Pharmaceutics Company, Tehran,
and was given to the neonates by their mothers using simi-
lar syringes. The neonates in group B, or the control group
(25 girls and 10 boys), received no drugs in the course
of the intervention. The final echocardiography was per-
formed on all neonates in group A and group B at the end
of the third week (postnatal day 21). None of the neonates
showed any probable complications due to ibuprofen, and
the parents expressed no complaints in this regard. There-
fore, no neonate suffered from any of the possible compli-
cations during the intervention. As a result, there was no
patient attrition, and all 70 (100%) neonates were present
in the study population until the end of the study. The
gleaned data were analyzed using SPSS software with a
chi-squared test (χ2), a Fisher’s exact test, and a Cochran-
Mantel-Haenszel test. The significant P value was set at
0.05.

4. Results

Our population study consisted of 70 neonates includ-
ing 44 (62.9%) girls and 26 (37.1%) boys with PDA of a diam-
eter less than 3 mm (small size) who were in their second
postnatal week, i.e., within eight to 14 days of life. The ex-
perimental group consisted of 35 neonates, including 16
boys and 19 girls, who were treated with oral ibuprofen.
The control group consisted of 35 neonates, including 10
boys and 25 girls, who did not receive ibuprofen. The mean
weight at the time of admission was 3.68 kg for the ex-
perimental group and 3.32 kg for the control group. The
mean duct size was 2 mm and 2.12 mm for the experimental
group and the control group, respectively. The mean age
for the intervention group was 11.25 days, and the mean age
for the control group was 10.77 days.

The neonates’ ages ranged from eight to 14 days. Of the
70 neonates with PDA, the ductus was closed in 41 infants
of whom 22 were in the experimental group who received
oral ibuprofen, and 19 were in the control group who did
not receive this drug (Table 1). None of the neonates (0%)
in either group showed any complications due to ibupro-
fen, and all of the neonates (100%) participated in the study
until the end. There was no statistically significant differ-
ence between the two groups regarding their responses to
treatment. The PDA was closed in 62.9% of the neonates in
the experimental (case) group. Also, the PDA was closed in
54.3% of the neonates in the control group who received
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no oral ibuprofen. Fisher’s exact (2-sided) test with a P-
value=0.628 was used to analyze the data.

Table 1. Description of the Effects of Oral Ibuprofen on Medical Closure of Patent
Ductus Arteriosus Between Groupsa

Groups PDA Closure Experimental Group Control Group Total

Yes 22 19 41

No 13 16 29

Total 35 35 70

aP = 0.628.

Another analysis, in which the boys and girls were sep-
arated, revealed that 62.5% of the boys receiving ibuprofen
had closed PDA while 50% of the boys not receiving ibupro-
fen had closed PDA. Moreover, 63.2% of the girls receiving
ibuprofen had closed PDA while 56% of the girls not receiv-
ing ibuprofen had closed PDA. This indicated that, as ob-
served in the table, there was no significant difference be-
tween groups of either boys (P = 0.689) or girls (P = 0.76)
with or without ibuprofen.

To remove the effects of sex, a Cochran-Mantel-
Haenszel test was used with a P = 0.447. Having removed
the effects of sex, it was revealed that ibuprofen can lead
to the closure of PDA by 1.456 fold (3.845 - 0.551). Still, this
difference was not significant (P = 0.448). Then, using a
logistic model, the variables of age, sex, and ibuprofen con-
sumption were analyzed together. Again, the difference
was not found to be significant (Table 2).

Table 2. Logistic Regression Analysis Showing That Ibuprofen Has No Significant Ef-
fect on

Determining Factor OR CI 95% P Value

Ibuprofen 0.662 1.845 - 0.237 0.430

Weight 1.096 0.486 - 2.470 0.825

Sex (female) 1.156 3.196 - 0.418 0.780

Accordingly, the use of oral ibuprofen was shown
to have no significant effects on the closure of PDA in
neonates in the experimental group, or group A (62.9%),
as compared to the control group, or group B (54.3%), who
were in their second postnatal week. This lack of efficacy
was not due to small sample volume, as it was determined
that increasing sample volume would have no effect on the
results.

5. Discussion

The aim of this study was to determine whether
ibuprofen is effective for PDA closure in full-term neonates

in the second week after birth. Our study showed that PDA
was closed in 62.9% of the neonates in the experimental
group (35 newborns) who received oral ibuprofen, while it
was closed in 54.3% of the control neonates (35 newborns)
who did not receive any drug (P = 0.628). This effect was in-
dependent of sex and weight. No complications were ob-
served in the neonates.

A study by John McIntyre et al. has suggested that
indomethacin was effective in the closure of PDA in pre-
mature newborns (8). Moreover, studies by Thomas and
van Overmeire et al. (12-14) have concluded that ibuprofen
was as effective as indomethacin in the closure of PDA in
the third postnatal day in pre-term neonates with respira-
tory distress syndrome (RDS) with less renal complications
Jameii et al. showed that the use of ibuprofen could de-
crease the serum levels of brain natriuretic peptide type-B
(BNP-B) in pre-term neonates with significant PDA (GA ≤
34 w), since this peptide increases with cardiac pressure
or volume overload; thus, the dropping of the serum level
meant a decreasing size of the ventricle due to the decreas-
ing size of the PDA (15, 16).

In a study on 68 pre-term neonates with significant
PDA, Pistulli et al. (17) compared the effects of oral ibupro-
fen (n = 36) with intravenous ibuprofen (n = 32), and found
a closure rate of 71.8% versus 83.3%, respectively; this differ-
ence was comparable (P = 0.35). All of the 15 neonates that
needed a second course of ibuprofen had clinical signs of
infection and positive blood cultures; after a second course
of ibuprofen, PDA occluded in 100% of the neonates. An ex-
planation for this result is that in neonates with infection,
the levels of prostaglandins and the tumor necrotizing fac-
tor are higher. In Pistulli et al.’s study, ibuprofen was ad-
ministered in the first week (48 - 96 hours) after birth, and
the patients were pre-term. In contrast, the patients in this
study were full-term, and we did not use a second course of
ibuprofen.

Very few studies have been conducted so far on the ef-
ficacy of cyclo-oxygenase inhibitors in the closure of PDA
in full-term neonates. In a study by Amoozgar et al. (10)
on the effectiveness of oral ibuprofen in the closure of PDA
in full-term neonates, the researchers assigned 51 full-term
neonates aged three to 30 days (the first month of life)
into two groups. The case group including 30 patients
who received oral ibuprofen, and the control group in-
cluding 21 patients who received a placebo for three days.
Their findings showed that the PDA was closed in 73.3%
of the neonates in the case group, while it was closed in
only 42.9% of the neonates in the control group; how-
ever, they recommended that because of the conditions of
their study, more randomized clinical trials were needed
to confirm their assertions (10). Regarding their smaller
sample size (51 neonates) with a wider age range (the first
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month of life), which can change the results given the in-
fluence of varying age factors, our study selected a differ-
ent course with a more precise statistical procedure. We
had 70 neonates as the population to be investigated. Since
PDA is not diagnosed in a number of neonates in the first
postnatal week, this study was devoted to the full-term
neonates in whom PDA was diagnosed in the second post-
natal week of life (eight to 14 days). In this way, the time
interval was limited, and more accurate results were ob-
tained specifically for those diagnosed in the second week
of life.

Again, this study demonstrated that the PDA was ulti-
mately closed in 62.9% of the full-term newborns who re-
ceived oral ibuprofen in the second postnatal week, while
the ductus was closed in only 54.3% of the neonates in the
control group who received no drugs (P = 0.628). Pourar-
ian et al. (18) used ibuprofen of twofold the present dose
(i.e., 20 mg/kg in day 1, 10 mg/kg in day 2, and 10 mg/kg in
day 3) for closure of PDA in full-term neonates aged three
to 30 days Their study showed that for 18 of the 29 full-term
neonates who received this protocol, PDA occluded after
four days in 62.1% versus 43.3%, the latter of which were
given the standard dose reported in the study by Amooz-
gar et al. (10). This means that high doses of ibuprofen
are more effective than standard doses of the drug. Also,
in the fourth day of treatment, the size of the pulmonic
end of the ductus arteriosus decreased from 2.09 mm to
0.77 mm, compared to 1.68 mm to 0.81 mm with the stan-
dard dose of oral ibuprofen. Their study evaluated the effi-
cacy of oral ibuprofen for nearly the entire duration of the
neonatal period (three to 30 days), while our study evalu-
ated its effects in only the second week (eight to 14 days) of
the neonatal period. We limited it in this way because since
the serum level of prostaglandin gradually decreases after
birth, the patency of the ductus arteriosus is not likely re-
lated to the serum level of prostaglandin, and thus ibupro-
fen (a prostaglandin inhibitor drug) will not be effective.
It is, however, important to emphasize that the dose of
ibuprofen in their study was twofold that of our study. Per-
haps using ibuprofen with higher doses may be more effec-
tive in PDA closure, but this must be validated with future
studies (18).

The limitations of our study were as follows: first, no
measurements of the PDA were taken during the second
visits of the neonates, as sedation was needed for careful
measurement through echocardiography. Second, a sec-
ond dose of oral ibuprofen was not administered because
the neonates were outpatients, and thus it was not easy ac-
cessible to them. Third, it would have been better if there
was a third group of neonates who had received a placebo.

5.1. Conclusion

Our findings demonstrated that administration of oral
ibuprofen in full-term neonates had no significant effect in
the closure of PDA in the second postnatal week.
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