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Cyclooxygenase inhibitors have proven efficacy in the treatment of patent ductus arteriosus (PDA). 
Intravenous indomethacin has been the only approved treatment for PDA available in the United 
States for the past 20 years. The armamentarium has recently been expanded with the approval 
of intravenous ibuprofen lysine in 2006. Ibuprofen lysine has been used for years in Europe, and 
the author reviews the extensive published literature. This review addresses common questions 
about ibuprofen lysine, summarizes the available literature, and discusses the data submitted 
to the Food and Drug Administration (FDA) in support of its approval. Three major trials served 
as the approval basis for the safety and efficacy of ibuprofen lysine. The author has summarized 
these studies and, where appropriate, presents pooled results from additional analyses that have 
not been previously published. Many practical questions regarding the drug, including dosing, 
administration, and storage are addressed. The results of recently completed but unpublished 
tests on stability and compatibility with commonly used drugs in the neonatal setting are also 
reviewed. Ibuprofen lysine now represents an alternative pharmacological option to surgery for 
the treatment of PDA. 
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ABBREVIATIONS BPD, bronchopulmonary dysplasia; 
BUN, blood urea nitrogen; D5W, 5% dextrose in water; 
FDA, Food and Drug Administration; GA, gestational age; 
IV, intravenous; IVH, intraventricular hemorrhage; NEC, 
necrotizing enterocolitis; NNT, number needed to treat; 
NS, normal saline; NSAID, nonsteroidal anti-inflammatory 
drug; PDA, patent ductus arteriosus; PVL, periventricular 
leukomalacia; ROP, retinopathy of prematurity; RR, risk 
ratio; TIPP, Trial of Indomethacin Prophylaxis in Preterms; 
US, United States

INTRODUCTION

Patent ductus arteriosus (PDA) is a condition 
seen in premature infants with an incidence as 
high as 60% in infants of less than 28 weeks 
gestational age (GA).1 Approximately 45% of 
neonates weighing less than 1,750 g and nearly 
80% of those weighing less than 1,000 g present 
with a PDA.2 Spontaneous closure can occur 
in up to 40% of premature neonates, but up 
to 70% of those weighing less than 1,000 g or 
of less than 28 weeks gestational age require 
intervention due to significant hemodynamic 
symptoms.3

Cyclooxygenase inhibitors have become the 
mainstay of pharmacologic therapy for a PDA 
because normal closure of the ductus is primar-

ily mediated by homeostatic down-regulation of 
prostaglandins. Intravenous (IV) indomethacin 
(Indocin IV, Ovation Pharmaceuticals, Deerfield, 
IL) has been the sole therapy approved by the 
Food and Drug Administration (FDA) for the 
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treatment of PDA during the last 20 years. IV 
ibuprofen, which has been used in various forms 
in other countries, was first demonstrated to be 
effective for ductal closure in animals in 1979.4 

Since that time, ibuprofen lysine has been well 
studied in humans and was approved for use 
in the United States (US) in 2006 (NeoProfen, 
Ovation Pharmaceuticals, Deerfield, IL). It is 
currently FDA-approved for the closure of a 
clinically significant PDA in premature infants 
who weigh between 500 g and 1,500 g and who 
are no more than 32 weeks GA, when usual 
medical management has been ineffective.5

The following summary reviews the most 
commonly asked questions about ibuprofen 
lysine in the management of PDA. With a focus 
on clinical and practical applications, this sum-
mary is meant to help health care practitioners 
better understand the place of ibuprofen lysine 
in the armamentarium of treatment strategies 
for PDA.

Question 1. what clinical studies were submitted 
to gain FDA approval of ibuprofen lysine?

IV ibuprofen lysine was approved under the 
Orphan Drug Act in April 2006. The sponsor 
submitted results of 3 controlled clinical trials 
in support of efficacy and safety. Two of the 
trials were reanalyses of completed trials from 
Europe.6,7 One was a randomized, prospective, 
active-controlled multicenter PDA treatment 
trial.6 and the second a double-blind, random-
ized, placebo-controlled PDA prophylaxis 
trial.7 The data from these 2 trials were fully 
adjudicated and validated before submission 
to the FDA. 

In order to estimate a placebo or no-treatment 
effect, the active-controlled trial submission 
included a post-hoc group of infants who were 
not treated.6 This trial was also re-examined for 
the primary outcome of percentage of patients 
requiring rescue so that its results could be 
pooled with a third pivotal clinical trial.1,8 

The pivotal trial, a multicenter, randomized, 
double-blind, placebo-controlled study, served 
as the primary data source for the safety and 
efficacy evaluation of ibuprofen lysine. This 
study enrolled 136 infants of less than 30 weeks 
GA, with birth weights between 500 g and 1000 
g.1,8 Infants were randomized to receive either 
a 3-treatment course of IV ibuprofen lysine or 
placebo. This study was designed to determine 

whether early treatment with ibuprofen lysine 
would reduce the need for rescue therapy (i.e., 
indomethacin or surgery) in infants at risk 
for a symptomatic PDA. Given that it would 
be unethical to perform a placebo-controlled 
study including infants with symptomatic 
PDA, asymptomatic premature infants with 
echocardiographically-documented ductal 
shunting were randomly assigned to placebo 
or ibuprofen lysine and followed for the need to 
treat (rescue) a symptomatic PDA. In these 3 
trials a total of 357 infants received ibuprofen 
lysine, 349 received placebo or no treatment, 
and 73 received indomethacin. 

Question 2. How did the populations from the 
major ibuprofen lysine studies compare?

In each of the trials, there was no difference 
in demographic or baseline characteristics 
within the study groups. The ibuprofen-treated 
infants in the pivotal trial had a significantly 
younger GA (26.1 weeks) vs. those in the active-
controlled study (29.1 weeks, P < .001) and vs. 
those in the prevention study (28.1 weeks, P 
< .001).6,7,8 Birth weights for the ibuprofen-
treated infants were also significantly lower 
in the pivotal trial (798.5 g) vs. the active-
controlled study (1,230 g, P < .001) and vs. the 
prevention study (1,048 g, P < .001). When the 
2 treatment groups were pooled, there were 
similar percentages of males in the placebo/
no-treatment group and the ibuprofen lysine 
group (56% vs. 52%).7,8 

Question 3. How did the efficacy compare among 
the major ibuprofen PDA trials?

In the pivotal trial, ibuprofen lysine was sig-
nificantly more effective than placebo for the 
treatment of PDA. A statistically significantly 
lower proportion of infants treated with ibu-
profen lysine required rescue, died, or dropped 
out vs. those receiving placebo (30.9% vs. 53%, 
P = .005).8,9 Similar results were obtained in 
the re-analysis of the active-controlled treat-
ment study in the ibuprofen-treated vs. the 
no-treatment group (34% vs. 50%, P = .01).6,9 
When these results are pooled, a significantly 
lower proportion of infants who received ibu-
profen lysine required rescue treatment, died, 
or dropped out of the study prior to study day 
14 compared to those who received placebo or 
no treatment (32.4% vs. 51.9%, P < .01).6,8,9 

Ibuprofen Lysine Use in Treating PDA
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No placebo-controlled trials with ibuprofen 
for the treatment of PDA have been published; 
however, the pooled rescue rate from the 2 
treatment trials reviewed above is similar (P = 
.13) to the percentage of infants (25%) receiving 
a second course of ibuprofen treatment (sur-
rogate for rescue) in 2 separately published 
active-controlled treatment trials.10,11 

Question 4. were there any differences in response 
based on age or weight in these trials?

In regression analyses performed in the piv-
otal trial, no correlations were found between 
GA or weight and rescue rate. Therefore, ibu-
profen lysine can be said to be effective in all 
age and weight groups studied. Furthermore, 
pivotal trial results indicate that in patients 
less than 28 weeks GA and weighing less than 
750 g, significantly more infants required res-
cue with placebo (11/22) than with ibuprofen 
lysine (5/22, P = .045).8,9 There were no statisti-
cally significant differences (P > .05) in rescue 
rates between those who started ibuprofen 
lysine at less than 24 hours of age (21%), 24 to 
48 hours of age (28%), or greater than 48 hours 
of age (23%). 

Table 1 provides further detail of the pooled 

data from the 2 treatment trials by GA cat-
egories and rescue rates.6,8,9 This analysis 
demonstrates comparable efficacy across all 
age groups studied. Table 2 provides detail 
on specific weight categories and rescue rates 
as observed in the pooled data from the 2 
treatment trials.6,8,9 The overall rescue rate 
was significantly lower with ibuprofen (and 
indomethacin) vs. placebo, and most individual 
weight categories showed significantly lower 
rescue rates with ibuprofen as well (individual 
probability values are listed in Table 2). There 
were too few patients in the lower (400-700g) 
and higher (> 1,600 g) weight ranges for mean-
ingful analyses. 

Question 5. Is ibuprofen lysine effective for the 
prevention of a PDA?

Five controlled and 4 uncontrolled published 
trials have investigated IV ibuprofen for the 
prevention of PDA.7,12-19 The 5 controlled stud-
ies were analyzed in an attempt to calculate an 
early treatment benefit (Table 3). The pooled 
results from these studies indicate a statisti-
cally significant favorable difference in closure 
of PDA at day 3 (84% vs. 57%, P < .0001), need 
for rescue treatment (7% vs. 33%, P < .0001), 

Table 1. Comparison of PDA rescue rates by gestational age versus placebo in pooled treatment trials6,8,9 

Age (wk) IBU % (n) PLCB % (n) INDO % (n) IBU vs PLCB INDO vs PLCB

25 31 (35) 66.7 (30) 40 (5) P = .0063
OR = 0.23 (0.08, 0.65)
RR = 0.47 (0.27, 0.82)

NS

26 37 (65) 54.2 (59) 46.7 (15) P = .0395
OR = 0.49 (0.24, 1.01)
RR = 0.68 (0.46, 1.01)

NS

26 22.9 (105) 37.3 (102) 19 (68) P = .0332
OR = 0.05 (0.3, 0.9)
RR = 0.6 (0.4, 0.95)

P = .0163
OR = 0.4 (0.2, 0.8)
RR = 0.5 (0.3, 0.9)

27 15 (75) 36 (73) 14 (49) P = .04
OR = 0.3 (0.14, 0.7)
RR = 0.4 (0.2, 0.8)

P = .005
OR = 0.3 (0.1, 0.7)
RR = 0.4 (0.2, 0.8)

28 17 (54) 33.3 (57) 14 (49) P = .05
OR = 0.4 (0.2, 0.99)
RR = 0.5 (0.3, 1.0)

P = .03
OR = 0.33 (0.1, 0.9)
RR = 0.43 (0.2, 0.9)

All 26 (141) 44 (132) 21 (73) P = .0015
OR = 0.44 (0.3, 0.7)
RR = 0.6 (0.4, 0.8)

P = .001
OR = 0.33 (0.2, 0.6)
RR = 0.47 (0.3, 0.8)

NS = not statistically significant as determined by t-test, sum of all P values or Fisher’s exact test, RR = risk ratio, OR = odds ratio, INDO 
= indomethacin, IBU = ibuprofen lysine, PLCB = placebo. 1 patient did not have gestational age assignment and is included in all-age-
group analysis only, which is 23-33 weeks gestational age. There were no statistical differences between IBU and INDO in any group 
analysis.
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and need for surgery (1.6% vs. 5.3%, P = .008) 
with ibuprofen lysine compared to placebo or 
control group. Based on this analysis, approxi-
mately 30% of the untreated group would be 
expected to benefit from prophylactic therapy 
with ibuprofen, where benefit is defined as a 
closed PDA by day 3 or lack of need for rescue 
therapy or surgery (Table 3). 

A Cochrane meta-analysis evaluated ibupro-
fen for the prevention of PDA in 2003 and found 
a closure rate at day 3 of 84% for ibuprofen and 
55% for placebo.20 An update of this analysis 
published in 2006 concluded there was a sta-
tistically significant decrease in the incidence 
of PDA on day 3 in the ibuprofen group (P < 
.00001, RR = 0.37, NNT = 3), in the need for 
rescue treatment with cyclooxygenase inhibi-
tors (P < .00001, RR = 0.17, NNT = 4), and in 
the need for surgical ligation (P = .02, RR = 
0.34, NNT = 25).21 The review authors found 
that in comparison to placebo or no treatment 
there was a significant increase in serum crea-
tinine levels on day 3 in the ibuprofen-treated 
patients, with no differences in mortality, intra-
ventricular hemorrhage, chronic lung disease, 
necrotizing enterocolitis, or gastrointestinal 
hemorrhage or perforation. The serum creati-
nine rise occurred in only 1 study,13 which was 
stopped prematurely because of hypoxemia 
reported in 3 of 65 infants who received ibu-
profen. The formulation used in this study (ibu-
profen trishydroxyamino-methane or THAM 
[Pedea, Orphan Europe S.a.r.l., Paris, France]) 
is different from the formulation available in 
the US (ibuprofen lysine). The Cochrane meta-
analysis authors concluded that ibuprofen re-
duces the incidence of PDA, the need for rescue 
therapy, and surgical closure; however, with the 
high spontaneous rate of closure (60%) in the 
target infant population, they did not recom-

mend exposing a large proportion of infants to 
prophylactic therapy.21 

Question 6. Can ibuprofen lysine be used for intra-
ventricular hemorrhage (IVH) prevention?

Previous studies and systematic reviews 
have confirmed that another non steroidal 
anti-inflammatory drug (NSAID), indometha-
cin, when used prophylactically for PDA, can 
reduce the incidence of IVH.22,23 The long-term 
sequelae on neurodevelopment, however, have 
not been shown to be negatively or positively 
affected.23 Ohlsson has argued that the positive 
effects of indomethacin on short-term reduction 
of IVH may be outweighed by its longer-term 
effects on reducing cerebral blood flow.24

Ibuprofen has been shown to have neuropro-
tective effects in animal models and to enhance 
cerebral autoregulation without affecting 
cerebral blood flow, cerebral metabolism or 
intestinal or renal hemodynamics.25-29 Mosca 
et al. have demonstrated in premature infants 
that, unlike indomethacin, ibuprofen widens 
the upper limit of autoregulated cerebral blood 
flow.17,30 

A number of studies have captured the onset 
incidence of IVH with intravenous cyclooxyge-
nase inhibitor therapy; however, most of these 
trials were not designed specifically to study 
IVH, and many of them excluded infants who 
had IVH.21,31 In a systematic review of tri-
als comparing indomethacin with ibuprofen, 
whether for prevention or treatment of a PDA, 
no differences were noted in the onset incidence 
of IVH between indomethacin and ibuprofen or 
between ibuprofen and placebo.21,31 

Two randomized, placebo-controlled studies 
of ibuprofen lysine that used IVH as a primary 
outcome measure in premature infants with 
PDA reported no statistically significant dif-

Table 2. PDA rescue rate by birth weight in pooled treatment trials6,8,9

Birth Wt (g)
IBU

% (n)
INDO
% (n)

PLCB
% (n)

IBU vs PLCB INDO vs PLCB

700-1,000 32.4 (71) 25 (24) 50.8 (61) P = .035 P = .032
1,000- 1,300 33.3 (18) 25 (16) 35 (20) NS NS
1,300- 1,600 18.2 (11) 14.3 (14) 47.1 (17) P = .007 P = .018
1,600- 2,000  0 (20) 20.0 (15) 10.0 (10) P < .001 NS
Total 25.5 (141) 20.5 (73) 43.9 (132)* P = .0015 P < .001

*Total includes all patients 400 g to 2400 g. IBU = ibuprofen, INDO = indomethacin, PLCB = placebo, N = total number of patients. Statistical 
tests were Fisher exact or 2-sided t-test. Results from pivotal trial8 and VanOvermeire reanalysis6 were pooled for this table. Categories are 
up to but not including upper limit. There were no statistical differences in any weight categories between indomethacin and ibuprofen. 
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ference between the placebo and ibuprofen 
groups in regard to the incidence of any stage 
of IVH.7,15 No controlled trial has compared 
ibuprofen lysine to indomethacin with IVH as 
the primary outcome variable. In 3 trials in 
which this was a secondary measure, no dif-
ference was seen in the incidence of IVH (11% 
with ibuprofen vs. 13% with indomethacin, P 
= .87).6,10,32 Lago et al. noted that the incidence 
of IVH in both the indomethacin and ibuprofen 
groups was lower than in the overall popula-
tion within their unit.10 In a study comparing 
treatments for PDA, the incidence of progres-
sive IVH was similar in patients randomized to 
indomethacin and ibuprofen.6 Eight patients in 
the indomethacin group progressed at least 1 
grade category, and 5 patients in the ibuprofen 
group progressed from grade 0 to 1 or greater 
(P = .38).6 

As has been pointed out by Van Overmeire 
et al., the efficacy of PDA closure is not corre-
lated with improved IVH outcomes, and other 
pharmacologic effects of cyclooxygenase inhibi-
tors may play a greater role in more favorable 
neurodevelopmental outcomes.7 Others have 
concluded that although ibuprofen has an 
improved safety profile, especially in regard 

to renal and gastrointestinal function, the lack 
of demonstrated efficacy in IVH prophylaxis 
makes its use in this setting unsubstantiated.1 
With no other alternative for IVH prophylaxis, 
the risks and benefits of IV indomethacin 
should be considered.1 

Question 7. what were the most common side 
effects seen with ibuprofen lysine in the clinical 
trials?

The most common side effects reported in 
the pivotal trial are summarized in Table 
4.5,8,9 No statistically significant differences 
between treatment groups were observed in 
the incidence of serious adverse events in the 
pivotal study or when the results were pooled 
from the 2 treatment studies submitted to the 
FDA.6,8,9 In addition, no serious adverse events 
were reported in a substantially different per-
centage of infants receiving ibuprofen lysine or 
placebo (i.e., difference of at least 5 percentage 
points), including outcomes of special interest 
such as retinopathy of prematurity (ROP), 
bronchopulmonary dysplasia (BPD), periven-
tricular leukomalacia (PVL), and death. No 
statistically significant differences between 
treatment groups were observed for mean cu-

Van Overmeire B

Table 3. Prophylactic benefit of ibuprofen in PDA7,12-15

Placebo or Control Ibuprofen Probability-value
% Early Treatment Benefit 

in Control Group*

Reference 7 N = 210 N = 205
Closed on Day 3 60% 84% < .0001 24
Rescue Treatment 20% 6% < .0001 14
Surgery 5% 2% .21 3

Reference 12 N = 23 N = 23
Closed on Day 3 30% 87% < .0002 57
Rescue Treatment 70% 13% < .0002 57
Surgery 13% 4% .61 9

Reference 13 N = 66 N = 65
Closed on Day 3 45% 72% .0018 27
Rescue Treatment 52% 3% < .0001 48
Surgery 9% 0% .0277 9

Reference 14 N = 40 N = 40
Closed on Day 3 48% 92% < .01 45
Rescue Treatment 52% 8% < .0001 45

Reference 15 N = 78 N = 77
Closed on Day 3 71% 91% .002 20
Rescue Treatment 29% 9% .002 20
Surgery 1% 0% .9 1

* Ratio of assumed response rate of ibuprofen group to placebo number minus the placebo response
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mulative urine output during the studies. 
In an analysis of the combined treatment 

studies, significantly fewer “common signifi-
cant but not serious treatment emergent ad-
verse effects” were reported in infants receiving 
ibuprofen than in infants receiving placebo 
(79% vs. 92%, P ≤ .05).6,8,9 This was primarily 
driven by a smaller number of cases of “hy-
perbilirubinemia neonatal,” anemia, sepsis, 
jaundice, respiratory distress, and necrotizing 
enterocolitis (NEC) reported with ibuprofen 
lysine. Hyperbilirubinemia, jaundice, and NEC 
were individually statistically significantly 
different from the placebo/no-treatment group 
(P < .05).6,8,9 

In all trials submitted to the FDA, there 
were no statistically significant differences 
between treatment groups in renal function, 

as measured by mean change in blood urea 
nitrogen (BUN) from baseline to worst value 
and last value.6,7,8 However, a higher percent-
age of infants in the ibuprofen lysine group 
(7.4%) than in the placebo group (4.4 %) had 
an increase in BUN values from a less severe 
baseline value, although this was not statisti-
cally significant (P = .22).7,8 

In the pivotal trial, mean urinary output as 
measured over days of life was significantly 
higher in the ibuprofen group than in the pla-
cebo group on day 9 of life (P = .019).5,8,9 This 
probably represented the deleterious action of 
the rescue medication (indomethacin) within 
the placebo group because there were no differ-
ences noted prior to day 9, and fluid intake and 
diuretic use were not different within the study 
groups. There were no differences between pla-

Table 4. Most commonly reported adverse events with ibuprofen lysine5,8,9

Adverse Event*
Ibuprofen lysine %

(N = 68)
Placebo %

(N = 68)

Sepsis 43 37
Anemia 32 25
Total Bleeding**

Intraventricular Hemorrhage, Grades 1/2 
Intraventricular Hemorrhage, Grades 3/4 
Other Bleeding

32
15
15
6

29
13
10
13

Intraventricular Hemorrhage, All Grades 29 24
Apnea 28 26
Gastrointestinal Disorders
non-necrotising enterocolitis

22 18

Total Renal Events**
Renal Failure
Renal Insufficiency, Impairment
Urine Output Reduced
Blood Creatinine Increased
Blood Urea Increased with hematuria
Blood Urea Increased

21
1
6
3
3
1
7

15
3
4
1
1
1
4

Respiratory Infection 19 13
Skin Lesion/Irritation 16 6
Hypoglycemia 12 6
Hypocalcemia 12 9
Respiratory Failure 10 4
Urinary Tract Infection 9 4
Adrenal Insufficiency 7 1
Hypernatremia 7 4
Edema 4 0
Atelectasis 4 1

*Within 30 days of therapy, without regard to causality assessment, with an event rate greater than placebo, and greater than 2 events 
with ibuprofen lysine, reported as a percentage. **A given subject may have experienced more than 1 specific event within these adverse 
event categories. Only the most severe grade of IVH counted for a given subject.

Ibuprofen Lysine Use in Treating PDA
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cebo and ibuprofen lysine in BUN during any 
study day. Differences in serum creatinine were 
noted on study day 3 (1.03 mg/dL vs. 0.98 mg/
dL) and study day 4 (1.07 mg/dL vs. 0.94 mg/
dL), with slightly higher values noted among 
the ibuprofen-lysine-treated infants (P = .02 in 
both). The findings that the ibuprofen group 
had a slightly higher starting serum creatinine 
than the placebo group (1.03 vs. 1.01) on the 
first day of therapy and that values on study 
days 5 and 6 were not significantly different 
indicate that these serum creatinine changes 
are clinically insignificant.5,8,9 

Additional support for this conclusion 
comes from pooling the data from the 2 treat-
ment trials, which indicates that there was 
no statistically significant difference in the 
ibuprofen-lysine-treated infants and the pla-
cebo group in regard to change from baseline 
to worst serum creatinine value (0.19 and 0.24, 
respectively).5,6,8,9 Furthermore, there was a 
significantly higher serum creatinine change 
from baseline to last value in the placebo group 
compared to the ibuprofen group (0.03 versus 
-0.06, P = .0164).5,6,8,9 

In the active-controlled study,6 148 infants 
with evidence of PDA were randomized to ibu-
profen lysine or indomethacin. Of the infants 
who experienced treatment-emergent serious 
adverse events, there was a statistically signifi-
cant difference (P = .018) between the ibuprofen 
and indomethacin treatment groups favoring 
ibuprofen, with regard to the highest relation-
ship of study drug to the serious adverse event 
(possibly related: 16.7% ibuprofen vs. 23.3% 
indomethacin; probably not related: 11.1% 
ibuprofen vs. 36.7% indomethacin; not related: 
72.2% ibuprofen vs. 40% indomethacin). 

In all trials submitted to the FDA, 47 infants 
(placebo/no treatment 2.3%, ibuprofen lysine 
8.9%, and indomethacin 9.58%) experienced a 
total of 58 adverse events that were considered 
possibly or probably related to the study drug.6-9 
Although these studies were not powered to 
address this issue and the number of events 
was small in each group, there was a statisti-
cally significant difference in the number of 
infants reported to have possibly experienced 
a drug-related adverse event in the treatment 
group (ibuprofen lysine or indomethacin) vs. 
the placebo or no-treatment group (P < .01). 
The most common events reported were IVH 

(all grades) and NEC/perforation, which rep-
resented over 50% of events. However, none of 
the individual events deemed to be drug related 
were statistically significantly more frequent in 
either of the treatment groups vs. the placebo/
no-treatment group.6-9 

In the PDA prevention study7, 433 infants 
were randomized to ibuprofen or placebo within 
6 hours of birth. Statistically significant differ-
ences were reported in the percentage of infants 
experiencing apnea (ibuprofen less than placebo, 
P < .05) and hypotension (ibuprofen greater than 
placebo, P < .05). These events were captured 
without regard to presumed causality. 

Of the events considered possibly or probably 
related to study drug, 22 infants experienced 29 
treatment-emergent serious adverse events.7 
The most commonly reported events were IVH 
and perforation. Perforation occurred more 
often in the ibuprofen group, although at a 
low frequency (2.3% vs. 0%, P = .03).7 Reports 
of IVH were not statistically significantly dif-
ferent (P = .3) between the ibuprofen lysine-
treated patients (2.3%) and those receiving 
placebo (1%).7 

In conclusion, the percentage of infants in 
whom the study drug was discontinued due 
to adverse events was small (2.5% in both 
ibuprofen and placebo groups and 4.1% in 
the indomethacin group) and did not differ 
between groups.6-9 In pooled data from these 
3 trials submitted to the FDA, no individual 
event classified as possibly or probably drug 
related was reported statistically more often in 
the treatment group compared to the placebo/
no-treatment group.6-9 

Question 8. Are there contraindications to the use 
of ibuprofen lysine?

Ibuprofen lysine should generally not be 
used in patients proven or suspected to have 
infection (in whom it may mask the signs and 
symptoms); congenital heart disease (such as 
pulmonary atresia, severe tetralogy of Fallot, 
or severe coarctation of the aorta), in whom 
patency of the PDA is necessary for blood 
flow; thrombocytopenia, coagulation defects 
or bleeding disorders, including NEC or IVH; 
or significant renal impairment.5 As noted 
by others in this supplement, ibuprofen can 
displace bilirubin from its binding site like 
other highly protein-bound drugs. Although the 
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plasma ibuprofen levels required to displace 
bilirubin are not normally achieved under the 
recommended dosing, ibuprofen lysine should 
be used with caution in patients with elevated 
total bilirubin.5 In an analysis of the safety data 
submitted to the FDA, there was no evidence of 
significant elevation of total or direct bilirubin 
in the ibuprofen lysine-treated patients.6-9 

Question 9. Are there any significant drug-drug or 
drug-disease interactions?

There have been no well-controlled reports 
of drug interactions with ibuprofen lysine in 
neonates. All non-steroidal anti-inflammatory 
drugs (NSAIDs) have the potential to increase 
the gastrointestinal toxicity of steroids. Peltoni-
emi et al. stopped a trial of hydrocortisone in 
preterm newborns because of gastrointestinal 
perforations in the treatment group, which 
were attributed to combined toxicity of NSAIDs 
and the steriod.33 Three of the 4 infants in 
that study who experienced perforations had 
received NSAIDs, whereas none in the control 
group had. In a retrospective study of preterm 
newborns, amikacin’s serum half-life was re-
ported to be significantly lengthened and its 
clearance reduced by ibuprofen lysine.34 

In the clinical trials conducted by the spon-
sor, no significant drug-drug or drug-disease 
interactions were observed.9 The efficacy of 
ibuprofen lysine in infants with PDA was 
demonstrated regardless of maternal steroid 
use, concomitant medications received by the 
infant from birth up to and including 7 days 
into therapy, or maternal medications received 
within 72 hours of delivery. No significant 
drug-demographic interactions were observed 
with ibuprofen lysine. The efficacy of ibuprofen 
lysine was demonstrated regardless of sex, 
birth weight, GA, or delivery type (vaginal or 
cesarean section). Efficacy was demonstrated 
regardless of maternal complications (sponta-
neous or nonspontaneous labor), use of high 
frequency oscillatory ventilation, or significant 
weight loss. 

Ojala et al. have proposed in a case-control 
study that continuous exposure to heparin for 
maintaining catheter patency may decrease 
the efficacy of indomethacin in closing a PDA.35 
They have postulated that the vasodilatory ef-
fects of heparin, such as increased nitric oxide 
release, may make the ductus more resistant 

to cyclooxygenase inhibition.35 
Visual drug compatibility and turbidity 

evaluations with ibuprofen lysine (10 mg/mL) 
conducted by the sponsor indicate that the 
following drugs commonly used in preterm 
infants are likely not compatible with IV ibu-
profen lysine: amikacin, caffeine, dobutamine, 
isoproterenol, midazolam, vancomycin, vecuro-
nium, total parenteral nutrition (TPN) electro-
lytes, TrophAmine (10% amino acid injection, 
B. Braun, Bethlehem, PA), and neat morphine 
50 mg/mL.9 Drugs that appear compatible with 
ibuprofen lysine are ceftazidime 200 mg/mL in 
5% dextrose in water (D5W) or normal saline 
(NS), epinephrine 8 mg/mL-0.1 mg/mL in D5W, 
furosemide 10 mg/mL, heparin lock flush 100 
U/mL in D5W, neat heparin lock flush 10 U/
mL and 100 U/mL, regular insulin 0.1 U/mL 
and 1 U/mL in NS, morphine sulfate 0.5 mg/
mL in D5w or NS, phenobarbital 130 mg/mL or 
30 mg/mL in D5W or NS, potassium chloride 2 
mEq/mL, and sodium bicarbonate 1 mEq/mL. 
Dopamine 3.2 mg/mL in D5W was initially 
compatible but demonstrated precipitation at 4 
hours.9 IntraLipid 10%, which is a milky white 
opaque solution, remained so during the test, 
and therefore its compatibility with ibuprofen 
lysine could not be determined either visually 
or by turbidity measurement.9 

Question 10. what are the optimal dosing, admin-
istration, and storage conditions for IV ibuprofen 
lysine?

Commercially available ibuprofen lysine is 
provided in packages of 3 clear, sterile, preser-
vative-free, single-use vials, each containing 2 
mL of pH-neutral solution. The vial is made 
of a USP Type 1 borosilicate with ammonium 
sulfate-treated tubing. The drug vial stoppers, 
which consist of butyl rubber, are latex free. 
Each milliliter contains 17.1 mg of ibuprofen 
l-lysine, which is equivalent to 10 mg/mL of 
ibuprofen.5

 
Storage

Prior to administration, ibuprofen lysine 
should be stored at 20-25°C (68-77°F).5 The 
drug should be protected from light and stored 
in the carton until the contents have been used. 
Natural light exposure has been reported to 
decrease the concentration of ibuprofen by as 
much as 7% over 15 days.36
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Stability 

Extemporaneously compounded IV ibuprofen 
lysine solutions have been found to be stable 
for up to 15 days when protected from light.36 
These studies carried out in Argentina were 
performed with ibuprofen lysine at different 
pH and concentrations than the commercially 
available preparation in the US. Stability 
studies conducted by the US sponsor indicate 
that, when it is diluted with commonly used IV 
fluids, ibuprofen lysine is stable in 60% rela-
tive humidity for up to 12 hours when stored 
in 5-mL syringes at concentrations of 0.5 mg/
mL and 5 mg/mL at temperatures of 5°C to 
25°C.9 Results from these studies indicate that 
no significant change in visual appearance, 
pH, osmolality, or chromatographic purity 
was observed during the study period. Typical 
values for pH and osmolality after 1 hour are 
included in Table 5.9

Administration, Dosing, and Treatment Course
  A course of therapy for the treatment of 

PDA is 3 doses of ibuprofen lysine administered 
intravenously (administration via an umbilical 
arterial line has not been evaluated). An initial 
dose of 10 mg/kg should be followed by 2 doses 
of 5 mg/kg each after 24 hours and 48 hours.5 
Ibuprofen lysine can be diluted for ease of ad-
ministration. All doses should be based on birth 
weight. Ibuprofen lysine should be infused 

continuously over a period of 15 minutes and 
should be administered via the IV port that is 
nearest the insertion site. If anuria or marked 
oliguria (urinary output < 0.6 mL/kg/hr) is 
evident at the scheduled time of the second or 
third dose of ibuprofen lysine, no additional 
dosage should be given until laboratory stud-
ies indicate that renal function has returned 
to normal.5 If during continued medical man-
agement the ductus arteriosus fails to close 
or re-opens, then a second course of ibuprofen 
lysine, alternative pharmacological therapy, or 
surgery may be necessary.5

Question 11. In those who do not respond to a first 
course of therapy, what percentage respond to a 
second course? Are there differences in response 
to a second course of therapy with ibuprofen vs. 
indomethacin?

Three controlled trials comparing ibuprofen 
with indomethacin for the treatment of PDA 
have reported response rates to a second course 
of therapy.6,10,11 In these trials, 15 of 37 indo-
methacin-treated patients (41%) and 16 of 41 
ibuprofen-treated patients (39%) experienced 
closure after not responding to the first course. 
The difference between the groups was not 
statistically significantly different (P = 1.0). The 
total closure rate (first plus second course clo-
sure rate) in the largest of the 3 trials was 82% 
for indomethacin and 86% for ibuprofen.10 

Table 5. pH and osmolaltiy data for ibuprofen lysine in diluents9

IV Diluent
Drug Concentration in 

5-mL Syringe
pH* pH† pH‡ Osmolality‡ (mOsm/kg)

No Diluent (neat) 10 mg/mL 7.22 7.25 7.32 95

5% Dextrose (D5W)
0.5 mg/mL 6.63 6.95 6.97 256
5 mg/mL 6.99 7.06 7.08 181

10% Dextrose (D10W)
0.5 mg/mL 5.89 6.23 6.36 519
5 mg/mL 6.69 6.83 6.86 311

Normal Saline (NS)
0.5 mg/mL 7.02 6.79 6.84 281
5 mg/mL 7.1 7.12 7.12 196

½ Normal Saline (NS)
0.5 mg/mL 6.17 6.68 6.79 142
5 mg/mL 6.95 7.05 7.14 120

Lactated Ringer’s Solution
0.5 mg/mL 6.73 7.13 7.13 246
5 mg/mL 7.15 7.20 7.22 175

* Data at time zero
† Data after 1 hour of storage in the 5-mL syringe at 25°C/60%RH
‡ Data after 6 hours of storage in the 5-mL syringe at 25°C/60%RH
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Question 12. How do the prices of indomethacin 
and ibuprofen lysine compare? 

Both products are available in the US as 
single-dose vials in packages of 3 and are al-
most identical in acquisition price.37 When one 
calculates the cost of a therapy, variables other 
than acquisition price should be kept in mind, 
such as cost avoidance, costs of differential side 
effects and resources needed to administer the 
therapy and monitor the patient’s response 
to therapy. As is pointed out by others in this 
supplement, avoiding 1 surgical PDA treat-
ment through pharmacotherapy can produce 
significant savings to the health care system. 
Some have concluded that the lower risk of 
oliguria is likely to support cost savings and 
produce an overall cost benefit with ibuprofen.1 
The author is not aware of any published trials 
on the pharmacoeconomics of cyclooxygenase 
inhibitor therapy for the treatment of a PDA.

Two economic studies of indomethacin for 
PDA prophylaxis have reported differing 
results.38,39 A decision analysis model based on 
literature sources found a favorable cost-effec-
tiveness ratio, but this analysis was completed 
before the publication of the large, recently 
completed Trial of Indomethacin Prophylaxis 
in Preterms (TIPP), which found no difference 
in the primary outcome measure.39 An economic 
analysis of TIPP did not provide economic sup-
port for the use of indomethacin prophylaxis in 
extremely low birth weight infants.39 

This finding is further supported by recent 
findings from TIPP investigators indicating 
that, although indomethacin prophylaxis can 
prevent some surgical ligations and associated 
long-term neurosensory impairment, the pro-
phylactic benefit is small and may be offset by 
a small adverse long-term effect.40 In addition, 
the authors of a large case-control retrospective 
study comparing indomethacin as “expect-
ant” or prophylactic PDA therapy concluded 
that prophylaxis offered no advantages over 
“expectant” therapy and exposed a significant 
number of infants to potentially serious side ef-
fects.41 On the other hand, a number of studies 
have demonstrated that indomethacin, when 
given for the treatment of a confirmed PDA, 
can significantly reduce the need for surgical 
ligation.42 In the only controlled, randomized, 
comparative PDA treatment study published, 
surgically treated patients spent on average 6 

more days in the hospital compared to cyclooxy-
genase inhibitor treated infants (P = .02).43 It 
may be concluded that these studies provide 
support for the economic benefit of early, but 
not prophylactic, treatment of a PDA with 
cyclooxygenase inhibitory therapy, but formal 
pharmacoeconomic analyses are needed to 
confirm this conclusion. 

CONCLUSIONS

Commercially available ibuprofen lysine 
is the first new cyclooxygenase inhibitor ap-
proved in the US for the treatment of PDA in 
20 years. Ibuprofen lysine is officially indicated 
for the closure of a clinically significant PDA 
in premature infants weighing between 500 g 
and 1500 g, who are no more than 32 weeks 
GA when usual medical management has been 
ineffective. Recommended doses (based upon 
birth weight) include an initial dose of 10 mg/
kg followed by 2 doses of 5 mg/kg each, after 
24 hours and 48 hours. 

This paper has reviewed common clinical and 
practical questions regarding this US commer-
cially available product. Intravenous ibuprofen 
lysine was approved based upon 3 placebo- or 
active-controlled clinical trials involving 357 
infants who received the product. Pivotal trial 
results demonstrate this product to be a sig-
nificantly more effective treatment for a “silent 
PDA” and equivalent to placebo with respect 
to serious adverse events, including ROP, BPD, 
PVL, and death than the alternative. There 
were no statistically significant differences or 
changes in treatment group vs. placebo with 
respect to renal function. Significant differ-
ences in short-term serum creatinine changes 
and oliguria have been reported favoring 
ibuprofen vs. indomethacin. PDA prophylaxis 
studies have shown ibuprofen to be effective, al-
though its efficacy for IVH prophylaxis has not 
been demonstrated. No significant drug-drug 
interactions were observed in clinical trials, 
although clinically significant interactions with 
some medications used in the neonatal setting 
either have been reported or can be predicted, 
particularly with amikacin. 

Commercially available ibuprofen lysine is 
provided in single-use vials, which should be 
protected from light and stored in the carton 
at 20-25°C (68-77°F) until used. Neonatal 
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practitioners can mix the product with com-
monly used IV fluids, if needed, and stability 
has been observed for up to 12 hours when 
stored in 5-mL syringes at 0.5 mg/mL and 
5 mg/mL at temperatures from 5°C to 25°C. 
The drug has differential compatibility with 
a number of commonly administered drugs in 
the neonatal setting. 

Limited pharmacoeconomic evaluations have 
been completed on cyclooxygenase inhibitor 
therapies in the treatment or prophylaxis of 
PDA, but these therapies have a clear advan-
tage in cost effectiveness over surgery. 
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