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Abstract

Background: Patent ductus arteriosus (PDA) is a common congenital heart defect in premature infants. Intravenous injection of
ibuprofen is used for PDA treatment, but its optimum dose, efficacy, and safety are unclear.
Objectives: This meta-analysis aimed to access randomized controlled trials that compared high- or low-dose ibuprofen with a
standard dose of ibuprofen for closure of PDA in preterm infants.
Methods: The standard search methods of the Cochrane neonatal review group were used to screen ibuprofen versus indomethacin
trials. All groups that used ibuprofen in those trials were filtered out. The high-dose group was defined as those using an average
dose of ibuprofen greater than or equal to 10 mg/kg in the first three days.
Results: We identified 14 studies of good methodological quality comparing ibuprofen to indomethacin trials among neonates.
Results showed that high-dose ibuprofen could remarkably raise the closure rate (relative risk = 0.90, 95% CI = [0.81, 1.00], P = 0.04).
No significant differences were found in adverse effects, bleeding disorders, or oliguria. The closure rate in neonates with PDA in-
creased with the ibuprofen dosage (R2 = 0.9990). The loading dose produced a significant closure rate compared with the low-dose
group (relative risk = 1.91, 95% CI = [1.25, 2.92], P = 0.003), with no increase in toxic side effects.
Conclusions: Loading dose is a necessary strategy for infants with PDA. A high dose of ibuprofen for PDA closure was more effective
than a normal dose of ibuprofen. The side effects in both treatment groups were not significantly different. Given the small sample
size and risk of bias in all trials, the tolerability and safety of the dose regimen should be assessed in a large population before
considering the use of these doses for PDA.
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1. Background

The ductus arteriosus is a normal fetal blood vessel that
closes soon after full-term birth. Patent ductus arteriosus
(PDA) is a congenital disorder in neonates in which the ves-
sel fails to close after birth and remains patent or open
(1, 2). In PDA, additional fluid from the ductus returning
to the lungs increases lung pressure to the point that the
neonate has great difficulty inflating the lungs (3-7). PDA is
accompanied by the irregular transmission of blood, the
increased work of breathing, and poor weight gain, which
may lead to congestive heart failure or death (8). PDA is the
second most frequent (41.7%) disease in preterm infants,
behind respiratory distress syndrome (93.6%) and ahead of
bronchopulmonary dysplasia (38.7%) (9).

PDA can be treated by both surgical and nonsurgical
methods. Most immature infants are likely to require phar-
maceutical treatment to close the ductus, thereby avoiding
the need for PDA ligation (10, 11). Pharmaceutical treatment
enables doctors to cope with more patients and save opera-

tion costs for infants (12, 13). Prostaglandin E1 is responsible
for keeping the ductus patent, whereas indomethacin and
ibuprofen are potent inhibitors of prostaglandin E1 syn-
thesis. As a result, both drugs are usually prescribed for the
treatment or prevention of PDA. Ibuprofen was recently re-
ported to be as efficacious as indomethacin for the treat-
ment of PDA, with less oliguria (14, 15). Therefore, ibupro-
fen is a potential viable alternative for premature infants.

However, research on neonates treated with ibuprofen
is lacking (14-16). Most small sample studies, although use-
ful, generally involve much higher doses that are difficult
to extrapolate to all populations of preterm infants over
prolonged periods. The present meta-analysis examined
the basis for ibuprofen dosage in the neonatal population.
This paper includes a commentary on the publication of a
randomized controlled trial of intravenous (IV) ibuprofen
versus IV indomethacin. The outcome between groups of
different ibuprofen dosages is also analyzed.

Copyright © 2016, Growth & Development Research Center. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

http://dx.doi.org/ 10.5812/ijp.6328


Lu J et al.

2. Objectives

The aim of this meta-analysis was to assess the efficacy
and safety of high-dose ibuprofen compared with the stan-
dard treatment of PDA in premature infants by evaluating
randomized controlled trials that compared high- or low-
dose ibuprofen with a standard dose of ibuprofen for the
closure of PDA.

3. Methods

3.1. Inclusion Criteria
The criteria and standard methods of the Cochrane

neonatal review group were used to assess all clini-
cal studies. We searched the Cochrane library, Med-
line, EMBASE, clinicaltrials.gov, Controlled-trials.com,
www.abstracts2view.com/pas, and personal files in Decem-
ber 2013. Medline (1966 to December 2013) was searched
using the following MeSH terms: ibuprofen, newborn,
infant, premature (or preterm) or low birth weight infant,
and patent ductus arteriosus or PDA. Other databases
searched included EMBASE (1980 to December 2013) and
Medline (1966 to December 2013), which was searched us-
ing the following MeSH terms: ibuprofen (or mefenamic
acid), newborn, infant, premature (or preterm) or low
birth weight infant, and patent ductus arteriosus or PDA.
This study involved preterm infants (gestational age < 37
weeks) or low birth weight infants (< 2500 g) with PDA
diagnosed either clinically or by echocardiography during
the neonatal period (< 14 days).

3.2. Identification of Trials
This meta-analysis reviewed randomized controlled

trials of ibuprofen for the treatment of PDA in newborn
infants. The therapeutic use of IV ibuprofen for the clo-
sure of PDA was compared with that of IV indomethacin in
control infants. Oral ibuprofen was excluded in all studies.
For this update in 2013, we included studies that compared
the effectiveness of ibuprofen with indomethacin, studies
that compared low-dose ibuprofen with a standard dose of
ibuprofen, and studies that compared high-dose ibupro-
fen with a standard dose of ibuprofen for PDA closure.

3.3. Quality Assessment
We identified controlled studies that were assessed by

the following criteria: ascertainment and validation of
study outcomes, selection and comparability of controls,
ascertainment of exposure, and control or adjustment for
potential confounders. To determine the possibility of
publication bias, a funnel plot was conducted for the pri-
mary outcome of failure to close a PDA (after three doses).
The funnel plot was quite symmetrical, indicating no obvi-
ous indication of publication bias.

3.4. Data Extraction

Each review author extracted data separately using
data abstraction forms. The review authors compared re-
sults and resolved differences. One review author (Jinmiao
Lu) entered data into RevMan 5.1. The other review authors
(Qin Li and Zhiping Li) cross-checked the printout against
his data abstraction forms, and errors were corrected by
consensus. For the studies identified as abstracts, we con-
tacted some primary authors to ascertain whether a full
publication was available if the full paper was not identi-
fied in an electronic database. We obtained information
from the primary author if the published article provided
inadequate information for the review. Retrieved articles
were assessed, and data were abstracted. Disagreements
were resolved by group discussion.

3.5. Statistical Analyses

The data were analyzed using RevMan 5.1 software.
Analysis was performed using relative risk, risk difference,
and numbers needed to treat or harm for categorical vari-
ables and weighted mean difference for continuous vari-
ables. A 95% confidence interval (CI) was reported for each
statistic. A fixed-effect model was used to pool data for
this meta-analysis. If statistically significant results were
obtained, a random-effect model was applied to assess
whether the results were robust to changes in the statisti-
cal model. Heterogeneity was estimated by the I-squared
(I2) statistic.

4. Results

4.1. Search Results

The search was run until December 2013. We first iden-
tified 163 abstracts using the prespecified search strategy,
and 14 reports were retrieved for detailed evaluation (Fig-
ure 1). Table 1 summarizes the characteristics of studies in-
cluded in the meta-analysis. Three small randomized tri-
als involving 24 neonates were eligible for inclusion in the
high-dose group (10 mg/kg/day). Only one study tested IV
ibuprofen versus IV indomethacin at a very low dosage (5
mg/kg/day) for PDA closure. Table 1 lists all included stud-
ies, such as those conducted by Mosca et al. (17), Cheng et
al. (18), Patel et al. (19), Chotigeat et al. (20), Adamska et
al. (21), Gimeno Navarro et al. (22), Hammerman et al. (23),
Lago et al. (24), Patel et al. (25), Su et al. (26), Van Overmeire
et al. (15) and Pezzatiet al. (27).

4.2. Primary Outcome

Upon combining the data of these studies regarding
high-dose ibuprofen, the results (Figure 2) suggested that
a high dosage of ibuprofen administered prophylactically
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Figure 1. Flowchart of the study

to all preterm infants (< 35 weeks gestation) for the first
three days of life reduced the risk of developing a PDA (rel-
ative risk = 0.90, 95% CI = [0.81, 1.00], P = 0.04). Moreover,
a decreased PDA closure rate (Figure 3) for ibuprofen to
treat PDA in premature infants was noted without a load-
ing dose (relative risk = 1.73, 95% CI = [1.09, 2.75], P = 0.02).

4.3. Secondary Outcomes

Ibuprofen can lead to blood loss in some people, which
can result in dangerous side effects if left untreated. Com-
plications of PDA include intraventricular hemorrhage,
which can lead to severe brain damage. Significant evi-
dence showing that a high dosage of ibuprofen prophylac-
tically improves bleeding disorder events for premature
infants is lacking (relative risk = 0.89, 95% CI = [0.43, 1.86], P

= 0.76). There is also no significant evidence to suggest that
a low dosage of prophylactic ibuprofen decreases oliguria
rates (relative risk = 1.24, 95% CI = [0.61, 2.53], P = 0.55). The
funnel plot was quite symmetrical, showing no obvious in-
dication of publication bias (Figure 6). Finally, no signifi-
cant heterogeneity was found in any of the studies.

5. Discussion

PDA has a high occurrence of nearly 15.3% in prema-
ture infants (28). Persistent patency of the ductus arterio-
sus in preterm infants is associated with numerous mor-
bidities including higher rates of bronchopulmonary dys-
plasia and increased mortality (16, 29, 30). Cyclooxygenase
inhibitor interventions have adverse effects such as bleed-
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Table 1. Characteristics of the Studies Included

No Study IV Ibuprofen Group Treatmenta

n/N GA (weeks) Dosage (mg/kg) Duration days Closure

1 Mosca 1997 8/16 28 (25 - 31) 10, 10, 10 3 8 IV Ibuprofen vs. IV Indomethacin

2 Cheng 2012 10/30 31 (27 - 35) 10, 10, 10 3 7 IV Ibuprofen vs. IV Indomethacin

3 Patel 1995 6/33 26 (23 - 28) 10, 10, 10 3 4 IV Ibuprofen vs. IV Indomethacin

4 Chotigeat 2003 15/30 26 (25 - 35) 10, 5, 5 3 7 IV Ibuprofen vs. IV Indomethacin

5 Cheng 2012 10/30 32 (29 - 35) 10, 5, 5 3 5 IV Ibuprofen vs. IV Indomethacin

6 Adamska 2005 16/35 28 (24 - 33) 10, 5, 5 3 11 IV Ibuprofen vs. IV Indomethacin

7 Gimeno Navarro 2005 23/47 28 (24 - 31) 10, 5, 5 3 19 IV Ibuprofen vs. IV Indomethacin

8 Hammerman 2008 32/63 27 (25 - 31) 10, 5, 5 3 19 IV Ibuprofen vs. IV Indomethacin

9 Lago 2002 94/175 28 (26 - 30) 10, 5, 5 3 69 IV Ibuprofen vs. IV Indomethacin

10 Patel 2000 18/33 26 (24 - 35) 10, 5, 5 3 14 IV Ibuprofen vs. IV Indomethacin

11 Su 2008 60/119 25 (23 - 28) 10, 5, 5 3 45 IV Ibuprofen vs. IV Indomethacin

12 Van Overmeire 2000 74/148 29 (27 - 32) 10, 5, 5 3 52 IV Ibuprofen vs. IV Indomethacin

13 Pezzati 1999 9/17 29 (26 - 32) 10, 5, 5 3 9 IV Ibuprofen vs. IV Indomethacin

14 Patel 1995 12/33 26 (23 - 28) 5, 5, 5 3 7 IV Ibuprofen vs. IV Indomethacin

aIV, intravenous injection.

Figure 2. Primary Outcome: Standard Dose of IV Ibuprofen Versus High Dose of IV Ibuprofen on PDA Closure

ing disorders and oliguria (31, 32). Dani et al. (33) high-
lighted the possible advantages of high-dose ibuprofen,
concluding that the high-dose ibuprofen regimen is more
effective than the standard-dose regimen in closing PDA in
preterm infants without increasing adverse effects. None
of the previous individual randomized controlled trials or
the meta-analyses have been able either to demonstrate
the dosage benefits of ibuprofen in inducing ductal clo-
sure or to demonstrate all side effects (34). They concluded
that a meta-analysis is difficult to conduct in neonates, be-
cause comparable datasets cannot be extracted from all

the small-sample or low-quality studies.

Our new analytical approach restricted analyses to
studies that had collected data relevant to the comparisons
of IV ibuprofen and indomethacin. Pooling of these stud-
ies yielded positive dose-response relations for ibuprofen.
The prevalence of spontaneous ductal closure in prema-
ture neonates was 34% at one week postnatal (35). We
found that the low relative risk with ibuprofen was due
to the low dosage of ibuprofen with respect to either effi-
cacy or adverse events. Our linear analysis (Figure 7A) sug-
gested that ibuprofen, as used in clinical practice for PDA
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Figure 3. Primary Outcome: Standard Dose of IV Ibuprofen Versus Low Dose of IV Ibuprofen on PDA Closure

Figure 4. Secondary Outcome (1): Standard Dose of IV Ibuprofen Versus High Dose of IV Ibuprofen on Bleeding Disorders

in most countries, was associated with an increased clo-
sure rate of PDA in a dose-dependent manner as well as
with data points prior to log transformation and curve fit-
ting (log-agonist vs. response-variable slope, R2 = 0.99909).
Our curve suggested that the population of nonresponse
to ibuprofen therapy was distributed across all patients
with PDA.

We also found that the ibuprofen dosage was positively
correlated with the incidence of bleeding disorders and
oliguria (Figure 7B). The differences were attributable to
the fairly high dose of ibuprofen employed in clinical prac-
tice. A second course of ibuprofen may further improve
the efficacy of the drug with great side effects. The evi-

dence reviewed indicated that these doses were associated
with clinical benefits. However, the risks recorded in these
studies were also associated with the doses of ibuprofen.
Our findings were in line with the results of a double-blind
dose-finding clinical trial of newborns in France (36).

In conclusion, despite the potential shortcomings of
the aforementioned trials, they provided substantial cu-
mulative evidence that a high dose of ibuprofen could re-
markably raise the closure rate in preterm infants. In addi-
tion, loading dose was necessary for PDA closure. However,
the tolerability and safety of this dose regimen should be
assessed in a large population before considering the use
of these doses for ductus arteriosus closure. Large-scale tri-
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Figure 5. Secondary Outcome (2): Standard Dose of IV Ibuprofen Versus High Dose of IV Ibuprofen on Oliguria
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