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OBJECTIVE Patent ductus arteriosus (PDA) is common in premature neonates. The use and selection of 
pharmacologic therapy are controversial because of unclear long-term benefits and the potential of adverse 
effects. The objective of this review was to explore the safety and efficacy for indomethacin, ibuprofen, and 
acetaminophen for PDA management.

METHODS A chart review was conducted for neonates who received pharmacologic treatment for PDA 
at our institution between July 1, 2016, and May 30, 2023. Data collected included treatment success or 
failure; adverse reactions to the medications, including renal dysfunction, gastrointestinal perforation or 
bleeding, hepatotoxicity, and/or death; and complications, including bronchopulmonary dysplasia, pulmo-
nary hypertension, surgical closure, and death before discharge.

RESULTS A total of 91 neonates met the inclusion criteria. The efficacy rates for the first treatment course 
were 25 of 31 (80.6%) for indomethacin, 4 of 16 (25%) for ibuprofen, and 27 of 44 (61.4%) for acetaminophen. 
Complications occurred in 12 of 31 (38.7%) for indomethacin, 9 of 16 (56.3%) for ibuprofen, and 0 of 44 (0%) 
for acetaminophen.

CONCLUSION Indomethacin and acetaminophen had good efficacy, though indomethacin had a high inci-
dence of complications. Ibuprofen had lower efficacy than expected (25%) and concerning safety outcomes, 
which requires further investigation to see if ethnicity plays a role.
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unit; PDA, patent ductus arteriosus 
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Introduction
In fetal circulation, the ductus arteriosus is an open-

ing that allows blood to flow between the pulmonary 
artery and the aorta. Prostaglandins and low-oxygen 
tension contribute to maintaining this opening in 
utero.1 After birth, this opening typically closes 
within 72 hours in term infants, but can be delayed 
in premature neonates, resulting in a patent ductus 
arteriosus (PDA).2 This delayed closure may be due 
to differences in sensitivity of the premature vascular 
tissue to the changes in prostaglandin and oxygen 
occurring after birth.3 Despite the closure being de-
layed, spontaneous closure is reported in up to 85% 
of premature neonates before hospital discharge.4 
Patent ductus arteriosus can lead to complications 
arising from blood shunting away from systemic circu-
lation through the opening into pulmonary circulation 
leading to hypoperfusion of vital organs.3 Pulmonary 
edema, pulmonary hemorrhage, chronic lung disease, 

and necrotizing enterocolitis are potential common 
complications associated with PDA.5

Managing PDA includes conservative measures, 
pharmacologic treatment, and/or surgical closure, 
though optimal management remains controversial. 
Conservative measures such as fluid restriction and 
ventilation strategies may be trialed as the PDA may 
close spontaneously. For neonates deemed to have a 
hemodynamically significant PDA, pharmacotherapy is 
often initiated. The characteristics of a hemodynami-
cally significant PDA are not well defined, though typical 
considerations would be given to the size of the duct, 
the degree, velocity, and direction of blood flow, and 
the presence of systemic symptoms.6 Pharmacologic 
options include indomethacin, ibuprofen, and acet-
aminophen. All 3 agents are hypothesized to promote 
ductal closure by reducing prostaglandin production 
via inhibiting the prostaglandin H2 synthetase enzyme.7 
Indomethacin and ibuprofen accomplish this through 
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inhibition of the cyclooxygenase site, and acetamino-
phen instead acts on the peroxidase site.7 Controversy 
exists regarding agent selection and dosing regimen, 
including route, which may be influenced by heteroge-
neity of included patients in the literature. Therefore, 
this retrospective study aimed to explore the efficacy 
and safety surrounding indomethacin, ibuprofen, and 
acetaminophen for PDA management.

Materials and Methods
Neonates who received pharmacologic management 

for PDA in the 36-bed level 3 neonatal intensive care 
unit (NICU) of Surrey Memorial Hospital were identi-
fied from a list of inpatient neonatal prescriptions for 
indomethacin or acetaminophen between July 1, 2016, 
and June 30, 2022, and for ibuprofen between July 1, 
2016, and May 30, 2023, because of an ibuprofen 
shortage during the initial study period. Neonates were 
included in the review if they had received indometha-
cin, ibuprofen, and/or acetaminophen for the treatment 
of their documented PDA, which was confirmed by a 
cardiologist using an echocardiogram. Managing PDA, 
including the use of pharmacologic agents and treat-
ment timing, was at the discretion of the clinical team 
providing care. At the time of the study, there were no 
site-based guidelines. The timing of treatment largely 
depended on the availability of an echocardiogram, 
which was offered approximately once per week.

Our center follows the regional dosing guidelines 
for the 3 agents: indomethacin 0.2 mg/kg intravenous 
on day 1 followed by 0.2 mg/kg if 2 to 7 days old, 
or 0.25  mg/kg if more than 7 days old, given every 
24  hours; ibuprofen lysine 10 mg/kg intravenous on 
day 1 followed by 5 mg/kg for subsequent doses every 
24  hours; and acetaminophen 15 mg/kg intravenous 
or oral every 6 hours. Indomethacin and ibuprofen are 
recommended to be ordered as a 3-day course, and 
acetaminophen is suggested to be ordered for a mini-
mum of 3 days with the possibility of extending up to  
10 days. As echocardiograms were only available week-
ly, treatment with acetaminophen was often continued 
until the follow-up imaging occurred. Acetaminophen 
serum concentrations are not used to guide treatment.

Data collected for the primary efficacy outcome 
included follow-up echocardiogram reports where 
a medication course was considered effective if a 
repeat echocardiogram showed a small or restrictive 
PDA or physician documentation of a presumed PDA 
closure.8 For the purpose of this review, we focused 
on the first course of treatment. Patients who switched 
agents because of safety concerns were analyzed 
according to the first medication they received. Sec-
ondary outcomes for safety were assessed in terms 
of the following documented adverse events during 
the treatment course, which considered medication 
duration of action: renal dysfunction, which included 
oliguria (urine output less than 0.5 mL/kg/hr for 6 hours 

or more) and/or acute kidney injury (defined by an in-
crease in serum creatinine of greater than 26 μmol/L; 
0.3mg/dL), gastrointestinal perforation or bleeding, 
elevation of alanine transaminase by 50 U/L or more, 
medication discontinued because of safety concerns, 
or death.9 Concurrent nephrotoxic medications were 
also collected. Complications documented during the 
NICU stay were also collected, including diagnosis of 
bronchopulmonary dysplasia (BPD), defined as respira-
tory support at 36-weeks postmenstrual age; pulmonary 
hypertension as diagnosed by a cardiologist with an 
echocardiogram at or beyond 36-weeks postmenstrual 
age; PDA requiring surgical closure; and/or death be-
fore hospital discharge.

We used a convenience sample to ensure as many 
patients as possible were included. Descriptive sta-
tistics were used to describe the study endpoints. 
Means were compared with a Kruskall-Wallis rank sum 
test, and categorical data was compared using either 
Fisher’s exact test or χ2 test. Statistical significance was 
defined as p ≤ 0.05. A power calculation was not com-
pleted, as the initial intent of the study was to collect 
baseline data. As this project was considered “quality 
improvement,” ethics approval and informed consent 
were not required.

Results
A total of 333 neonates were identified from the 

pharmacy list; 242 received acetaminophen for an 
indication other than a PDA treatment, resulting in 91 
patients being included.

The mean gestational age was 25.9 weeks, and 
the mean birth weight was 778.1 grams (Table 1). The 
patients in the acetaminophen group were older on 
average than patients in the indomethacin (p = 0.002) 
and ibuprofen groups (p = 0.01). Patients who received 
acetaminophen were also of a higher birth weight 
compared with those who received indomethacin  
(p = 0.01) and ibuprofen (p = 0.03). Gestational age 
and birth weight among those who received ibuprofen 
and indomethacin were similar (p = 0.69 and p = 0.87, 
respectively). Most of the patients had a large PDA  
(n = 52, 57.8%) (Table 1), and 49 (54.4%) had evidence 
of left heart volume overload, as stated on the echo-
cardiogram report. Thirty-one patients received indo-
methacin for their first course, 16 received ibuprofen, 
and 44 received acetaminophen. The medications were 
prescribed following the regional dosing guidelines. 
Doses were within 5% of the recommended dose and 
no dose adjustments were made for renal dysfunction. 
If there were significant renal dysfunction or other ad-
verse events, subsequent doses were held. For the ac-
etaminophen courses, most patients received a mix of 
intravenous and oral doses, though the number of each 
type was not collected. The average day of life treat-
ment started at 11.3, 6.1, and 10.7 days for indomethacin, 
ibuprofen, and acetaminophen, respectively (Table 2). 
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Ibuprofen and indomethacin appeared to be associ-
ated with more success when started earlier (Table 3).

Treatment success with the first course of treatment 
was 56 of 91 (61.5%) neonates, with 4 of 91 (4.4%) hav-

ing an unknown outcome due to death before a repeat 
echocardiogram or being transferred to another site. 
Treatment was successful in 25 of 31 (80.6%) neonates 
with indomethacin (1/31, 3.2% unknown), 4 of 16 (25%) 

Table 1. Baseline characteristics

Characteristic Overall 
(N = 91)

Indomethacin 
(n = 31)

Ibuprofen 
(n = 16)

Acetaminophen 
(n = 44)

p value

Gestational age (mean), 
wk

25.9 
(23–33.3)

25.3 (23.3–28.6) 25.1 (23–27) 26.6 (23.3–33.3) p = 0.002*

Birth weight (mean), g 778.1 
(330–1530)

710.9 (463–1205) 702.1 (470 –1020) 853 (330–1530) p = 0.01†

Small for gestational 
age, n (%)

21 (23) 7 (22.6) 3 (18.8) 11 (25) p = 0.95

Male sex, no. (%) 49 (53.8) 18 (58.1) 8 (50) 23 (52.3) p = 0.85

5-min Apgar (mean) 6.9 (1–9) 6.6 (1–9) 6.7 (3–9) 7.2 (4–9) p = 0.58

Surfactant, n (%) 82 (90.1) 29 (93.5) 14 (87.5) 39 (88.6) p = 0.72

Caesarean delivery,  
n (%)

73 (80.2) 25 (80.6) 12 (75) 36 (81.8) p = 0.88

Singleton, n (%) 65 (71.4) 22 (71) 12 (75) 31 (70.5) p > 0.999

Maternal diabetes, n (%) 22 (24.2) 5 (16.1) 4 (25) 13 (29.5) p = 0.44

Maternal hypertension, 
n (%)

19 (20.1) 7 (22.6) 3 (18.8) 9 (20.5) p > 0.999

Antenatal corticosteroid, 
n (%)

82 (90.1) 30 (96.8) 15 (93.8) 37 (84.1) p = 0.2

Echocardiogram findings Overall  
(n = 90‡)

n = 31 n = 15* n = 44

Large PDA, n (%) 52 (57.8) 22 (71) 7 (46.7) 23 (52.3) p = 0.18

Volume overload–no. (%) 49 (54.4) 13 (41.9) 5 (33.3) 31 (70.5) p = 0.01§

PDA, patent ductus arteriosus

*  Significance driven by indomethacin vs acetaminophen (p = 0.002) and ibuprofen vs acetaminophen (p = 0.01). Indomethacin vs ibuprofen not 
statistically significant (p = 0.69).

†  Significance driven by ibuprofen vs acetaminophen (p = 0.03) and indomethacin vs acetaminophen (p = 0.01). Indomethacin vs ibuprofen not 
statistically significant (p = 0.87).

‡  One patient excluded because of no pretreatment echocardiogram.
§  Significance driven by acetaminophen vs ibuprofen (p = 0.01) and acetaminophen vs indomethacin (p = 0.01).

Table 2. Details of Treatment Course

Overall 
(N = 91)

Indomethacin 
(n = 31)

Ibuprofen 
(n = 16)

Acetaminophen 
(n = 44)

DOL treatment initiated, 
mean (range), days

10.1 (1–45) 11.3 (3–45) 6.1 (1–11) 10.7 (2–27)

Treatment duration, mean 
(range), days

4.6 (1–10) 2.9 (1–3) 2.6 (1–3) 6.5 (3–10)

Patients requiring repeat 
treatment, n (%)

33 (36.2) 7 (22.6) 12 (75) 14 (31.8)

DOL, day of life
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neonates with ibuprofen (1/16, 6.3% unknown), and 
27 of 44 (61.4%) neonates with acetaminophen (2/44, 
4.5% unknown). Ibuprofen had the lowest efficacy, and 
this difference was statistically significant compared 
with indomethacin (p < 0.001) and acetaminophen  
(p = 0.02) (Figure 1).

The number of neonates that experienced an ad-
verse event was 21 of 91 (23.1%), with the most common 
being renal dysfunction (Figure 2a). The most common 
concomitant nephrotoxic medication was vancomycin, 

which was used in 12 of 21 (70.6%) of the neonates 
experiencing renal dysfunction. Indomethacin use 
led to 12 of 31 (38.7%) neonates experiencing at least 
1 adverse event, where 9 of 31 (29%) experienced a 
renal side effect, and 5 of 31 (16.1%) had a suspected 
or confirmed gastrointestinal perforation or bleeding 
(Figure 2a). For ibuprofen, 9 of 16 (56.3%) neonates had 
an adverse event, where 8 of 16 (50%) experienced a 
renal adverse event, and 2 of 16 (12.5%) died. One death 
was secondary to complications of acute renal failure. 
This patient was started on ibuprofen and received 
2 doses before experiencing a rise in serum creatinine, 
requiring early discontinuation of ibuprofen. There were 
no concurrent nephrotoxic medications at the time of 
the kidney injury. Vancomycin was started 3 days later 
for suspected sepsis. The blood culture was negative 
at 24 hours and was reported to be positive for Staphy-
lococcus epidermidis near 48 hours. The patient went 
into renal failure the following day and subsequently 
experienced arrhythmias secondary to severe hyper-
kalemia, which ultimately led to their death. Although 
the mechanism for the renal failure may have been mul-
tifactorial, ibuprofen may have been the precipitating 
factor, and the long half-life of ibuprofen in premature 
neonates meant that it continued to contribute to the 
nephrotoxicity until death. The other death was related 
to bleeding complications from thrombocytopenia. 
Ibuprofen was started on day of life 1 with a  baseline 

Table 3. Factors Impacting Efficacy

Gestational Age, 
Mean (Range), 

Weeks

Birth 
Weight, 
Mean 

(Range), 
Grams

Day Of Life 
At Treatment 

Initiation, 
Mean (Range)

Treatment 
Duration, 

Mean 
(Range), Days

Overall 
(N = 87)

Success 
(n = 56)

26.3 (23–33.3) 802 
(463–1530)

10.5 (2–9) 4.9 (1–10)

Failure 
(n = 31)

25.5 (23.3–28.1) 750.1 
(330–1397)

9.5 (2–26) 4.2 (1–10)

Indomethacin 
(n = 30*)

Success 
(n = 25)

25.4 (23.3–28.6) 736.8 
(463–1205)

11 (3–45) 2.9 (1–3)

Failure 
(n = 5)

24.9 (24.1–25.9) 608 
(520–670)

12 (6–18) 3 (3–3)

Ibuprofen 
(n = 15*)

Success 
(n = 4)

24.5 (23–26.7) 657.5 
(510–820)

4.5 (1–9) 3 (3–3)

Failure 
(n = 11)

25.4 (23.3–27) 718.7 
(470–1020)

6.5 (2–11) 2.5 (1–3)

 Acetaminophen 
 (n = 42*)

Success 
(n = 27)

27.3 (23.3–33.3) 883.9 
(514–1530)

10.9 (2–27) 7 (3–10)

Failure 
(n = 15)

25.7 (23.9–28.1) 820.5 
(330–1397)

10.9 (5–26) 5.9 (1–10)

* Patients with an unknown efficacy outcome were excluded from this analysis.

Figure 1. Comparison of PDA treatment efficacy 
based on pharmacologic agent given for first 
course (n = 91).
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platelet count of 133 × 109/L. The platelets fell to  
53 × 109/L after the second dose, requiring transfusions; 
however, the patient remained thrombocytopenic. The 
patient became hemodynamically unstable and went 
on to require multiple transfusions of blood products 
before dying on day of life 9. Repeat head imaging 
before death showed progression of intraventricular 
hemorrhages. Sepsis was investigated as a contribut-
ing factor; however, blood cultures remained negative 
for the entirety of their stay. The Naranjo adverse drug 
reaction probability score for both incidents was 4, 
suggesting ibuprofen was the possible cause for the 
events.10 For acetaminophen, 0 of 44 (0%) neonates 
experienced an adverse event. Ibuprofen was associ-

ated with high rates of BPD (13/13, 100%), pulmonary 
hypertension (4/13, 30.8%), and death during NICU stays 
(3/16, 18.8%) (Figure 2b).

Discussion
In our study, management of PDA with ibuprofen 

had a very low success rate of 25% compared with 
indomethacin at 80.6% and acetaminophen at 61.4%. 
The ibuprofen efficacy rate varied dramatically from 
what was reported by Van Overmeire et al,11 who 
reported an efficacy rate of 70%. In contrast, Badillo 
et al12 reported a first-course closure rate of 39.8% 
in very-low-birth-weight neonates with intravenous 
ibuprofen and 30% for oral ibuprofen, which is similar 

Figure 2a. Medication-related adverse events (n = 91).*
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Figure 2b. NICU outcomes and complications.*†
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*  Comparisons reaching statistical significance (p ≤ 0.05) are shown. All other comparisons were not sig-
nificant at p > 0.05.

† Patients with missing outcome and/or complications data were excluded from analysis.
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to the rate observed in our population. Our study’s 
efficacy rates for indomethacin and acetaminophen 
were more consistent with those reported for in-
domethacin by Van Overmeire et al11 at 66% and 
for acetaminophen by Ohlsson et al13 at 74.2%. The 
patients in the ibuprofen group seemed to receive 
treatment earlier on average compared with those 
in the indomethacin and acetaminophen groups. As 
some literature has shown that early treatment is as-
sociated with greater success in closing a PDA, we 
would have expected to see greater efficacy with the 
ibuprofen group compared with the others.14,15 It did 
appear that within the ibuprofen and indomethacin 
groups, those who had success were treated earlier 
on average, which is consistent with the literature. It 
is unclear why ibuprofen had poorer efficacy overall, 
especially compared with indomethacin, where the 
patient characteristics were similar. With respect to 
the duration of treatment, although this was longer 
in the acetaminophen group, the overall exposure to 
medication was similar between the groups, given 
the respective half-lives of the agents in neonates.16

The incidence of ibuprofen adverse events was 
higher at 56.3% and more concerning than expected. 
Su et al17 reported the incidence of oliguria as 15.3% for 
indomethacin and 6.7% for ibuprofen, which are lower 
than the incidence in our study with 32.3% for indometh-
acin and 50% for ibuprofen. The difference in rates may 
be due to a difference in the definition of renal events, 
although our study’s rate of renal adverse events was 
higher for ibuprofen than indomethacin. There were 
also 2 deaths during the ibuprofen treatment course. 
Acetaminophen had the best safety profile, with no neo-
nates experiencing an adverse event, which is similar to 
Dani et al,18 who reported a 2% incidence of elevations 
in liver enzymes and a 2% incidence of gastrointestinal 
perforation with acetaminophen.

Complications during the NICU stay were also the 
highest in the ibuprofen group. The Canadian Neonatal 
Network reported for 2021 that 50% of neonates born 
at 27 weeks and 84% of neonates born less than 24 
weeks had BPD at 36 weeks.19 This is consistent with 
the rate of BPD seen in our indomethacin (83.3%) and 
acetaminophen (72.2%) groups; however, the ibuprofen 
group saw an incidence of 100%, which was higher 
than expected. Of note, Hundscheid et al8 identified 
a similar trend in which ibuprofen use was associated 
with an increased incidence of BPD. Arjaans et al20 
reported an incidence of pulmonary hypertension after 
36 weeks of 5%, which is consistent with our findings for 
acetaminophen at 5.4%. However, in contrast, the inci-
dence of pulmonary hypertension was 3-fold higher for 
indomethacin at 16.7% and 6-fold higher for ibuprofen 
at 30.8%. Multiple case reports have been published 
describing the development of pulmonary hypertension 
as a complication of ibuprofen use in neonates.21,22 Kim 
et al22 reported that lower gestational age, birth weight 

less than the third percentile, and maternal hyperten-
sion were among some of the risk factors associated 
with the development of pulmonary hypertension after 
ibuprofen use. Similar to Mitra et al,23 PDA manage-
ment with medications did not reduce the incidence of 
long-term outcomes observed in the NICU, and, in our 
population, the use of ibuprofen was associated with 
an increased rate of NICU complications. A potential 
confounder is the ibuprofen patients were marginally 
smaller and more premature on average compared with 
the acetaminophen group, putting them at higher risk 
of developing BPD and pulmonary hypertension. How-
ever, the indomethacin group, with a more comparable 
population to ibuprofen, still appeared to be associated 
with lower rates of complications overall, though not 
statistically significant. We note that the acetaminophen 
group had the highest incidence of volume overload on 
their echocardiograms, indicating more hemodynami-
cally significant ducts. We would have anticipated these 
patients to be at high risk of developing complications, 
such as BPD and pulmonary hypertension. However, 
rates remained low in this group.

As the rates of ibuprofen success and safety vary 
in the literature, we hypothesize that genetics may 
play a role. Ibuprofen is metabolized by cytochrome 
P450 (CYP) enzymes, and polymorphisms with these 
enzymes lead to differences in metabolism.24 Stud-
ies exploring the incidence of polymorphisms with 
the CYP enzymes have suggested links to different 
ethnicities.25 Although we did not collect ethnicity, 
our site provides care to a predominantly South Asian 
population. We hypothesize that differences in ibupro-
fen metabolism or clearance in this population may 
be associated with lower efficacy and higher rates of 
adverse events. While the impact of certain CYP poly-
morphisms on PDA treatment has been studied previ-
ously, and the results have been inconclusive, they do 
suggest that ethnicity may play a role.26 Durrmeyer 
et al26 found in their review that Caucasian neonates 
were less likely to respond to ibuprofen treatment 
(60%); however, there was a large percentage of 
neonates in the non-Caucasian group that also did not 
respond to treatment (40%). The captured ethnicities 
were not provided, and we note this review was con-
ducted in France, where we would anticipate a differ-
ent ethnic population. Multiple studies have confirmed 
differences in the frequency of CYP2C9 and CYP2C8 
gene variants between South Asian and Caucasian 
populations.27,28 Dorji et al27 reported frequencies of 
11.3% in South Asians and 5.6% in Caucasians for the 
CYP2C9*3 variant. Jose et al28 commented that there 
was also marked interethnic variation in the distribu-
tion of these polymorphisms. Carriers of this variant 
have a significant reduction in the clearance of ibupro-
fen and appear to be at higher risk of adverse effects, 
while indomethacin clearance has not been reported 
to be impacted.29 Although indomethacin is also 
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metabolized by CYP enzymes, the specific enzymes 
involved differ among the 2 agents with indomethacin 
involving CYP2C9 predominantly and ibuprofen in-
volving CYP2C9 and CYP2C8.30 Ibuprofen metabolism 
and clearance is also thought to be more complex 
due to the presence of (R) and (S) enantiomers, which 
follow separate metabolic pathways and may impact 
PDA closure in different ways.30 The (R) enantiomer 
has been reported to be responsible for many of the 
adverse effects associated with ibuprofen, while the 
(S) enantiomer is responsible for the pharmacological 
action.31,32 It is unclear whether there is variation in the 
amount of inversion from (R) to (S) conversion; how-
ever, this may contribute to differences in safety and 
efficacy. The possible differences between ibuprofen 
and indomethacin metabolism in our population may 
explain why indomethacin had good efficacy while 
ibuprofen did not, as well as the unexpectedly high 
rates of adverse events for ibuprofen. More research 
exploring the possible impacts of genetics and phar-
macogenomic variations on ibuprofen metabolism is 
necessary to guide which neonates may benefit from 
ibuprofen therapy and which would be at higher risk 
of serious adverse events. Awareness of the neonate’s 
ibuprofen metabolism could improve outcomes if we 
could test the patient before ibuprofen administra-
tion. If we could determine the serum concentration 
and percentage of different enantiomers, it may help 
determine the type of metabolizer, but it is unlikely to 
improve clinical outcomes, as the medication would 
have already been administered.

Another factor we explored was whether the inject-
able ibuprofen product used at our site may have 
contributed to our results, as various salt forms have 
been studied in the literature. Ibuprofen lysine, arginine, 
and tromethamine salts have been used to treat PDA. 
Ibuprofen lysine, used at our site, appears to be the 
most extensively studied ibuprofen product with good 
efficacy and safety.33

Limitations
There are a few limitations in our review that should 

be acknowledged. Owing to the retrospective nature 
of the study, there were limitations on what information 
could be collected, and medication selection was at the 
discretion of the prescribing team. Ethnicity was not 
collected and can be difficult to obtain retrospectively. 
The small sample size in the ibuprofen group is another 
limitation, and, as stated, it was due to supply issues. 
Extending the time frame of the study to capture more 
patients in this group helped double the sample size; 
however, it still falls short compared with the other 
groups. Although this may limit our ability to confidently 
draw conclusions about ibuprofen, we believe the 
study is still important to highlight the safety concerns 
we saw in our population. As closing the PDA has not 
consistently shown benefit in the literature, the risk of 

using ibuprofen should warrant caution until further 
investigation is completed to explore what is behind 
the variation in efficacy and safety seen among differ-
ent centers.

Conclusion
This review raises questions about the safety of 

ibuprofen use. Ibuprofen had a low efficacy rate and 
was associated with a high rate of adverse effects in 
our population, which contrasts with what the current 
literature states. The mechanism behind the reduced 
efficacy and high side effect burden is unknown. As 
treatment of the PDA has not been shown to improve 
long-term outcomes when pharmacologic therapy is 
contemplated, we recommend acetaminophen be 
considered because of its favorable efficacy and safety 
profile. More research is needed to identify neonates at 
high risk of experiencing adverse events and/or limited 
benefit from pharmacologic treatment, especially with 
respect to ibuprofen.
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