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Abstract
The patent ductus arteriosus can cause heart failure, metabolic acidosis, necrotizing
enterocolitis (NEC), and pulmonary edema/bleeding. Ibuprofen has been proven to have similar
efficacy in closing ductus arteriosus but has side effects, such as kidney and intracranial bleeding.
There is a report in a case series, the closure of the ductus arteriosus occurred in five premature
babies given oral acetaminophen.
This study aims to identify the effectiveness of acetaminophen compared with ibuprofen for
ductus arteries closure in premature infants.
This study employed a quasi-experimental study design. This study involved two groups, i.e.,
the first group was given oral ibuprofen (control), and the second group was given oral
acetaminophen. The number of subjects amounted to 11 infants in each group. The ductus
arteriosus examination in each group was in the form of echocardiographic examination with two
dimensional and Doppler imaging before and after the treatment. The data obtained were analyzed
using the Fisher exact test, t-test, and chi-square.
After the therapy for one and two series had performed, the DA closure in infants of the
ibuprofen group reached more than those in the acetaminophen group. The statistical analysis
suggested that DA closure had the results that were insignificantly different (p-value of 1.000).
Acetaminophen has similar effectiveness as ibuprofen in closing the ductus arteriosus in premature
infants.
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Introduction
Ductus arteriosus (DA) is a blood vessel
that connects the proximal descending aorta and
pulmonary artery. The essential structures in the
fetus normally close after birth 1. The open
ductus causes an increase of pulmonary blood
flow and a decrease of blood flow to the intestinal
organs, skin, muscles, and kidneys, resulting in
heart failure, metabolic acidosis, necrotizing
enterocolitis
(NEC),
and
pulmonary
edema/bleeding 2. Those conditions can occur if
the open ductus arteriosus is hemodynamically
significant, particularly if the diameter is more
than 1.5 mm 3.
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Indomethacin and ibuprofen have been
proven to have similar efficacy in closing ductus
arteriosus. Both therapeutic modalities work
through the inhibition of the cyclooxygenase
enzyme, so prostaglandin synthesis is inhibited 4.
Indomethacin has side effects on the kidneys,
which is a higher increase of serum creatinine
when compared to ibuprofen and lower urine
output in 19% of patients 5. Meanwhile, the side
effects of ibuprofen include gastric bleeding,
amounting to 10% patients, and intracranial
amounting to 20% patients, especially in
thrombocytopenia patients 6.
In a case series report, the closure of the
ductus arteriosus occurs in 5 premature infants
given oral acetaminophen. Two of five ductus
arteriosus cases can close after they fail to close
on the administration of two oral ibuprofen series.
In that case, three of five infants develop
thrombocytopenia, and one infant develops
hyperbilirubinemia. There is no reported gastric
bleeding in thrombocytopenic patients7.
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Meanwhile, the research reveals that the
incidence of gastric bleeding was much smaller
by using acetaminophen than ibuprofen 8. In
Indonesia, the research data on the use of oral
acetaminophen as medical therapy to close
ductus arteriosus in premature infants is still
limited 9. This study focuses on the oral
acetaminophen effectiveness compared to oral
ibuprofen for the ductus arteries closure in
premature infants.
Materials and methods
This
study
employed
a
quasiexperimental study design. The study samples
were all premature infants whose DA were still
open and met the criteria, i.e., premature infant
patients aged of less than 21 days, gestational
age 26-37 weeks with open ductus arteriosus,
ductus diameter of greater than 1.5 mm, platelet
count of greater than 50,000/mm3, and patients
whose parents had signed informed consent. The
other related data was also collected, such as
sex, birth weight, chronological age (days), the
presence or absence of heart failure, and the
presence of respiratory distress syndrome. In this
study, two groups were involved, i.e., the first
group was given ibuprofen (control), and the
second group was given acetaminophen. The
study involved 11 subjects in each group.
The echocardiographic examination had
been recognized as one of the examination
methods of
cardiovascular activity and
10–12
abnormalities
.
The
ductus
arteriosus
examination in each group was in the form of
echocardiographic
examination
with
two
dimensional and Doppler imaging before and
after the treatment. The patients in treatment and
control groups were administered drugs orally by
nurses in the hospital. The administration of
acetaminophen at a dose of 15 mg/kg/time was
performed four times per day for three days. The
administration of ibuprofen was performed at a
dose of 10mg/kg on the first day, 5mg/kg on the
second and third days. Echocardiographic
evaluation was conducted one day after
completing one series. In case that the
constriction of DA diameter did not occur after
one series of acetaminophen or ibuprofen, the
next series would continue (maximum for two
series). After completing the second series,
echocardiography evaluation was conducted one
day after the series completed.
The data
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obtained were analyzed using the Fisher exact
test, t-test, and chi-square.
Results
Baseline characteristics before the study
in both groups of homogeneous subjects, both
sex, gestational age, birth weight, chronological
age, DA diameter, platelet count, as well as
those suffering from heart failure and respiratory
distress (RDS) syndrome with a significance of pvalue of greater than 0.05 so that there is no
difference meaningful between the two groups. It
should be noted that platelet counts in both
groups were above 50,000/mm3 so that research
was secure to carry out. The characteristics of
the two groups’ samples examined can be seen
in Table 1.

Table 1. The characteristics of subjects given
acetaminophen and ibuprofen.
* Fisher exact test; ** Independent t-test

Table 2. The size reduction comparison of the
ductus arteriosus after one series administration
of acetaminophen and ibuprofen .
** Independent t-test

Table 3. The comparison of ductal arteriosus
closure between acetaminophen and ibuprofen .
*Fisher exact test, ***Chi-square test

The mean reduction in DA size after
ibuprofen one series of therapy (1.9±1.5 mm)
reached greater than after one series of
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acetaminophen therapy (1.5±1.2 mm). However,
the two groups did not differ statistically (p-value
of 0.503). After the therapy for one and two
series had performed, the DA closure in infants
of the ibuprofen group reached more than those
in the acetaminophen group. However, if the
statistical analysis was performed, the result was
insignificant (p-value of 1.000).
Discussion
The change of DA size could be
determined by comparing the ductus diameter
before and after the therapy. The change of DA
size after administration of one therapy series in
both groups was insignificant (p-value of 0.503).
It indicated that acetaminophen and ibuprofen
had similar effectiveness. In a similar way,
ibuprofen inhibited prostaglandin production
through the COX enzyme4,13,14 inhibition, and the
acetaminophen did likewise15.
The
administration
of
both
acetaminophen and ibuprofen therapy began
since DA was identified still open. Several study
subjects were under one week old, consisting of
3 subjects in the acetaminophen group, and two
subjects in the ibuprofen group were aged less
than four days. Gestational age was one of the
determining factors in DA closure. For healthy
premature infants and 90% premature infants
with RDS and with the gestational age of greater
than or equal to 30 weeks, the ductus arteriosus
would close on the fourth day. Meanwhile, for the
premature infants with a gestational age of less
than 30 weeks and suffering from RDS, 65% of
the ductus remained open after the fourth day 16.
Birth weight was a determining factor for
the ductus arteriosus closure 17. The infants with a
birth weight of more than 800g had DA closure
rate reached 85.5%, which differed significantly
from those whose birth weight was lesser,
amounting to 68.3%17. Infants with birth weight
above 1,500g, the closure rate reached 80% 8. A
thicker DA wall caused that results.
The effective age to begin the therapy
was younger than a week18. The infants who
were younger than 40 hours old would result in a
significant difference in the DA closure rate when
given indomethacin, compared to those older
than 40 hours or a p-value of less than 0.05 17.
Although the study subjects in the ibuprofen
group had a larger mean diameter of DA, the
result was not significantly different (p-value of
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0.236). Despite the possibility that DA closed
19
spontaneously
,
both
ibuprofen
and
acetaminophen therapy were still given because
DA was hemodynamically significant.
Moreover, ductus arteriosus could cause
heart failure 20. The eight subjects with heart
failure
(4
in
each
group)
exposed
hemodynamically significant DA consequences.
Even though the entire study population had
hemodynamically significant DA measurements,
not all of them had signs of heart failure. During
the fetus stage, pulmonary artery pressure was
high, while in the neonatal period, the pressure
would decrease slowly. This high pressure
caused the symptoms of heart failure not
experienced by all premature infants 21,22.
The safety of study subjects was
guaranteed because only infants with platelet
counts above 50,000/mm3 were included in the
study. The platelet count with the aforestated
amount was required before starting therapy with
COX inhibitors 13.
DA constriction initiated the remodeling
and the ductus closed anatomically at the end.
Both acetaminophen and ibuprofen decreased
prostaglandin production so that the vasa
vasorum in the DA wall constricted (NarayananSankar, 2003; Hinz, 2008; Hinz, 2012). That
condition would trigger a remodeling cascade,
which was hypoxia-inducible.
The DA closure rate in this study was
nearly similar to the previous study results, which
signified that the DA closure rate by using
acetaminophen and ibuprofen reached 81.2%
and
78.8%,
respectively8.
The
results
corroborated
that
acetaminophen
was
comparable to ibuprofen as DA closure therapy
in premature infants. Acetaminophen became an
alternative to ibuprofen when ibuprofen was a
contraindication,
specifically
if
the
3,4–6
thrombocytopenia below 50,000/mm
.
Acetaminophen had the advantage that
COX enzyme inhibitors do not own it, i.e., inhibits
peroxidase reactions. That advantage made
acetaminophen more effective than NSAIDs and
selective COX-2 inhibitors since they did not
need to compete with arachidonic acid to inhibit
prostaglandin production23.
Acetaminophen
and
ibuprofen
bioavailability measurements were not performed
in this study. Premature infants with a greater but
unstable DA, such as the infants with birth weight
less than 1,500g or infants with a mechanical
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breathing machine, could be included in this
study due to the unavailability of portable
echocardiography.
Conclusions
Oral Acetaminophen can be used as an
alternative drug to ibuprofen to close the ductus
arteriosus (DA). Oral acetaminophen has similar
effectiveness with oral ibuprofen to close the
ductus arteriosus in premature infants.
Declaration of Interest
The authors report no conflict of interest.
References

Acetaminophen and Ibuprofen Effectiveness
Mahrus A. Rahman and et al

16. Clyman R. Patent ductus arteriosus in the preterm infant. In:
Devaskar S, Gleason C, eds. Avery’s Disease of the Newborn.
9th ed. Philadelpia: Elsevier Saunders; 2012:751-761.
17. Yang C, Lee J. Factors affecting successful closure of
hemodynamically significant patent ductus arteriosus with
indomethacin in extremely low birth weight infants. World J
Pediat. 2008;4:91-96.
18. Sekar K, Corff K. Treatment of patent ductus arteriosus:
Indometasin or ibuprofen? J Perinatol. 2008;28:60-62.
19. Koch J, Hensley G, Roy L, Brown S. Prevalence of
spontaneous closure of the ductus arteriosus in neonates at a
birth weight of 1000 grams or less. Pediatrics. 2006;117:11131121.
20. Madriago E, Silberbach M. Heart failure in infant and children.
Pediatr Rev. 2010;31:3-11.
21. Bernstein D. The fetal to neonatal circulatory transtition. In:
Kliegman R, Behrman R, Jenson H, Stanton B, eds. Nelson
Textbook of Pediatrics. 19th ed. Philadelpia: saunders;
2011:1855-1857.
22. D’cunha C, Sankaran K. Persistent fetal circulation. Paediatr
Child Heal. 2001;6:744-750.
23. Hinz B, Brune K. Paracetamol and cyclooxygenase inhibition: is
there a cause for concern? Ann Rheum Dis. 2012;71:20-25.

1. Schneider D, Moore J. Patent duktus arteriosus. Circulation.
2006;114:1873-1882.
2. Wong A, Ramli N, Zain M, Mokhtar S, Van Rostenberghe H,
Rasool A. Closure of the patent ductus arteriosus with ibuprofen
and other non-steroidal antiinflammatory medications in
neonates. East J Med. 2010;15:139-145.
3. Heyman E, Morag I, Batash D, Keidar R, Baram S, Berkovitch
M. Closure of patent ductus arteriosus with oral ibuprofen
suspension in premature newborns: A pilot study. Pediatrics.
2003;112:354-358.
4. Narayanan-Sankar M, Clyman R. Pharmacology Review:
Pharmacologic closure of patent ductus arteriosus in the
neonate. Neoreviews. 2003;4:215-221.
5. Thomas R, Parker G, Van Overmeire B, Aranda J. A metaanalysis of ibuprofen versus indomethacin for closure of patent
ductus arteriosus. Eur J Pediatr. 2005;164:135-140.
6. Poon G. Ibuprofen lysine (NeoProfen) for the treatment of
patent ductus arteriosus. Proc (Bayl Univ Med Cent).
2007;20:83-85.
7. Hammerman C, Bin-Nun A, Markovitch E, Schimmel M, Kaplan
M, Fink D. Ductal closure with paracetamol: A surprising new
approach to patent ductus arteriosus treatment. Pediatrics.
2011;128:1618-1621.
8. Dang D, Wang D, Zhang C, Zhou W, Zhou Q, Wu H.
Comparison of oral paracetamol versus ibuprofen in premature
infants with patent ductus arteriosus: a randomized controlled
trial. PLoS One. 2013;8:1-5.
9. Cahyono A, Charisti P, Utamayasa A, Rahman M, Ontoseno T.
Oral acetaminophen for ductal closure in preterm infants.
Paediatr Indones(Supl). 2013;53:8.
10. Advani N, Sasroasmoro S, Ontoseno T, Uiterwaal C. LongTerm outcome of coronary artery dilatation in Kawasaki disease.
Ann Pediatr Cardiol. 2018;11(2):125-129.
11. Choi J, Kang M-K, Han C, et al. Lower diastolic wall strain is
associated with coronary revascularization in patients with
stable angina. BMC Cardiovasc Disord. 2017;17(1):301.
12. Liu N, Su Y-S, Xu M, Zhang K-H, Ma X-Y. TAK-242, an
antagonist for toll-like receptor 4, protects against myocardial
ischemia/reperfusion injury in C57BL/6 mice. J Int Pharm Res.
2016;43(6):1093-1097.
13. Hermes-DeSantis E, Clyman R. Patent ductus arteriosus:
pathophysiology and management. J Perinatol. 2006;26:S14–
S18.
14. Epstein B, Gums J, Hall K. Osteoarthritis. In: Chisholm-Burns M,
Wells B, eds. Pharmacotherapy Principles and Practice. New
York: McGraw-Hill; 2012:879-890.
15. Hinz B, Cheremina O, Brune K. Acetaminophen (paracetamol)
is a selective cyclooxygenase-2 inhibitor in man. FASEB J.
2008;22:383-390.

Volume ∙ 13 ∙ Number ∙ 2 ∙ 2020

Page 707

