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ORIGINAL
ARTICLES
Effect of Early Targeted Treatment of Ductus Arteriosus with Ibuprofen on
Survival Without Cerebral Palsy at 2 Years in Infants with Extreme

Prematurity: A Randomized Clinical Trial

Jean-Christophe Roz�e, MD, PhD1,3, Gilles Cambonie, MD, PhD4, Aurelie Le Thuaut, MS2, Thierry Debillon, MD, PhD5,

Isabelle Ligi, MD, PhD6, Geraldine Gascoin, MD, PhD7, Juliana Patkai, MD8, Alain Beuchee, MD, PhD9,

Geraldine Favrais, MD, PhD10, Cyril Flamant, MD, PhD1,3, Xavier Durrmeyer, MD, PhD11,12, and Ronald Clyman, MD13

Objective To examine the effects of early echocardiography-targeted ibuprofen treatment of large patent ductus
arteriosus (PDA) on survival without cerebral palsy at 24 months of corrected age.
Study design We enrolled infants born at <28 weeks of gestation with a large PDA on echocardiography at
6-12 hours after birth to ibuprofen or placebo by 12 hours of age in a multicenter, double blind, randomized-
controlled trial. Open-label ibuprofen was allowed for prespecified criteria of a hemodynamically significant PDA.
The primary outcome was survival without cerebral palsy at 24 months of corrected age.
Results Among 337 enrolled infants, 109 had a small or closed ductus and constituted a reference group; 228 had
a large PDA and were randomized. The primary outcome was assessed at 2 years in 108 of 114 (94.7%) and 102 of
114 (89.5%) patients allocated to ibuprofen or placebo, respectively. Survival without cerebral palsy occurred in 77
of 108 (71.3%) after ibuprofen, 73 of 102 (71.6%) after placebo (adjusted relative risk 0.98, 95% CI 0.83-1.16,
P = .83), and 77 of 101 (76.2%) in reference group. Infants treated with ibuprofen had a lower incidence of PDA
at day 3. Severe pulmonary hemorrhage during the first 3 days occurred in 2 of 114 (1.8%) infants treated with
ibuprofen and 9 of 114 (7.9%) infants treated with placebo (adjusted relative risk 0.22, 95% CI 0.05-1.00,
P = .05). Open-label rescue treatment with ibuprofen occurred in 62.3% of infants treated with placebo and
17.5% of infants treated with ibuprofen (P < .001), at a median (IQR) age of 4 (3, 5) and 4 (4, 12) days, respectively.
Conclusions Early echocardiography-targeted ibuprofen treatment of a large PDA did not change the rate of
survival without cerebral palsy. (J Pediatr 2021;233:33-42).
Trial registration Eudract 2011-003063-30 and ClinicalTrials.gov: NCT01630278.
See editorial, p 11
ncertainty and controversy still exist about the significance, evalua-
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U tion, and management of patent ductus arteriosus (PDA) in infants
born preterm.1-5 Prophylactic treatment with indomethacin or

ibuprofen reduces the risk of developing a subsequent PDA and the need
for surgical ligation. However, it does not reduce in-hospital mortality or
morbidity6-8 and unnecessarily exposes a large proportion of infants to drugs
that have side effects (such as pulmonary hypertension)9 without conferring
significant long-term benefits. Current evidence does not support the use of
prophylactic indomethacin10 or ibuprofen11 for the prevention of morbidities
associated with the presence of a PDA. However, most of the trials that
explored the effects of early ductus closure on later morbidities enrolled
patients based on whether the PDA was “present or absent,” without taking
into account the magnitude of the left-to-right shunt.12,13 Recent studies have
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ASQ Ages and Stages Questionnaires

aRR Adjusted relative ratio

IVH Intraventricular hemorrhage

NICU Neonatal intensive care unit

PDA Patent ductus arteriosus

RCT Randomized clinical trial
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shown that neonatal morbidities associated with persistent
PDA are only associated with hemodynamically significant
moderate-to-large PDAs, not with small, nonsignificant
PDAs.14-17

As a result, the identification of infants with large
ductal diameters (large PDA) soon after birth has been
proposed as a biomarker that might be used to identify
and initiate targeted treatment of infants at greatest risk
for developing a significant PDA, reducing the number
of infants who receive treatment unnecessarily. This
approach was tested in the Ductal Echocardiographic
Targeting and Early Closure Trial randomized clinical
trial (RCT),18 performed in Australia, which showed ev-
idence for protection from pulmonary hemorrhage,
reduction in the need for subsequent PDA treatment
and a trend toward reduced severe brain lesions among
infants treated with indomethacin. Unfortunately, this
trial was prematurely halted due to disruption in the sup-
ply of indomethacin for the trial.

Therefore, we designed the following multicenter RCT us-
ing early cardiac ultrasound to guide management of a PDA.
The primary goal of our RCT was to assess the effects of early
cardiac ultrasound-targeted ibuprofen treatment of a large
PDA on survival without cerebral palsy at 24 months of cor-
rected age. In France, ibuprofen, rather than indomethacin, is
approved for PDA treatment. Even though prophylactic
ibuprofen has not been shown to reduce the incidence of
intraventricular hemorrhage (IVH) as has been shown for
indomethacin,6-8 we hypothesized that the early elimination
of a PDA shunt with ibuprofen might improve long-term
neurodevelopmental outcomes.
Methods

The Targerted by Echocardiographic Treatment of the
Ductus Arteriosus in Preterm Infants by Ibuprofen study
was a double-blind, multicenter, randomized, placebo-
controlled, clinical trial performed at 11 French tertiary-
care neonatal intensive care units (NICUs) from 2012 to
2017. The trial was approved by the national ethics com-
mittee (Comite de Protection des Personnes Ouest IV)
and other French national agencies and registered
with Eurodract database (2011-003063-30) as well as
ClinicalTrials.gov (NCT00623740). Parents gave written
informed consent. The trial was monitored by an indepen-
dent data and safety monitoring board.

Infants were eligible if they delivered between 240/7 and
276/7 weeks of gestation. Infants were excluded if they were
likely to die soon after birth or if they had any of the
following: IVH grade III or IV during the enrollment evalu-
ation,19 a major congenital anomaly, right to left ductus arte-
riosus shunt for more than one-third of the cardiac cycle
suggesting pulmonary hypertension, platelet count <50
000/mL, maternal use of ibuprofen within the last 6 weeks,
unable to start study treatments within 12 hours of birth,
and unlikely to appear for 24-month visit.
34
Randomization, Concealment, and Masking
A cardiac ultrasound was performed on eligible infants by
certified neonatologists20 at 6-12 hours after birth to establish
structural normality, measure the PDA diameter,21 and assess
the direction of ductal shunt. A video was produced and
distributed to each investigator by Professor Gournay to
standardize the cardiac ultrasound examination. A web-
central system classified PDAs as large or small based on
the following cut-off: “large” = ductus diameter in mm
>2.26 – (0.078 � postnatal age in hours).22 Only infants
with a large PDA were randomized. Infants with a small
PDA were not randomized but enrolled in the small ductus
reference group for follow-up.
Randomized infants were assigned 1:1 to either ibuprofen

or placebo via a central computer-generated list with a fixed
block size of 4, stratified by gestational age groups (240/7- 256/7

and 260/7-276/7 weeks) and center. In case of twins, each infant
was randomized separately. The appearance of the ibuprofen
and placebo vials was identical. Study investigators, parents,
physicians during the hospitalization, and those performing
follow-up examinations, nurses, and external statisticians
were unaware of treatment allocation.

Intervention
Investigational drugs were supplied as blinded treatment by
LC2 clinical batch packaging and logistics laboratory, (LC2
Pharmaceuticals). Vials contained either 5 mg/mL intrave-
nous ibuprofen, Pedea, Orphan Europe (a racemic mixture
of R-iburprofen and S-ibuprofen, detailed information about
this formulation and pharmacokinetics is available on the
European medicines Agency website: http://emea.europa.
eu) or 0.9% saline as placebo. Infants received an intravenous
loading dose of 2 mL/kg of either placebo or ibuprofen
(10 mg/kg) between 6 and 12 hours after birth, followed by
2 injections of 1 mL/kg, 24 and 48 hours after the first injec-
tion of placebo or ibuprofen (5 mg/kg). In addition to echo-
cardiograms performed for routine clinical care of the
infants, 3 study echocardiograms were performed at day 3,
day 14, and at 36 weeks of postmenstrual age. Study echocar-
diograms included the following measurements: left atrial to
aortic root ratio, ductus arteriosus diameter, mean and end
diastolic flow velocity of the left pulmonary artery, ductus ar-
teriosus, descending aorta, and either the superior mesenteric
artery, middle cerebral artery, or renal artery.23

Open-label ibuprofen back-up treatment was allowed in
both groups before or after the third postnatal day based
on the following criteria: before day 3, severe pulmonary
hemorrhage or severe hypotension (definitions, Table I;
available at www.jpeds.com) plus echocardiographic
evidence of a hemodynamically significant ductus
arteriosus left to right shunt (described below). After day 3,
open-label treatment was limited to infants with a
hemodynamically significant ductus arteriosus defined by
the need for positive pressure ventilation, nasal continuous
positive airway pressure, or persistent severe hypotension
plus the presence of at least 1 of the following
echocardiographic criteria: ductus diameter ³1.5 mm,
Roz�e et al
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expansion of the left ventricular chamber (left atrial to aortic
root ratio ³1.5), pulsatile left-right ductal shunt (maximum
velocity <2 m/second), diastolic flow absent or retrograde
in the superior mesenteric artery, middle cerebral artery, or
renal artery.24 Open-label ibuprofen daily doses were 10, 5,
and 5 mg/kg; 14, 7, and 7 mg/kg, and 19, 9, and 9 mg/kg
over 3 days, for infants <70, 70-108, and >108 hours of
postnatal age, respectively.25

Primary Outcome
The primary outcome was survival without cerebral palsy at
24 months of corrected age. Infants were examined by local
pediatricians trained in the Amiel-Tison examination. Cere-
bral palsy was defined using the Amiel-Tison classifica-
tion,26,27 which includes all forms of cerebral palsy from
minimal cerebral palsy (with uni- or bilateral tonic stretch re-
flexes with the ability to walk independently at 2 years of
age)28 to a severe form (without independent walking). The
severity of cerebral palsy was graded according to the Gross
Motor Function Classification System.29 The forms from
the follow-up consultation were sent to the national coordi-
nation center where 2 physicians reviewed the concordance
between the form items and the diagnosis of “cerebral palsy
(yes/no)” proposed by the local examiner and made a final
decision. In case of disagreement, a third referent decided
the outcome. All referents were unaware of the participants’
study drug allocation.

Secondary Outcomes
Secondary outcomes (Table I) included ductus status on
days 3 and 14, open-label rescue treatment, surgical
ligation, severe morbidities,19,30-33 death and survival
without severe morbidity at 36 weeks of postmenstrual age
or discharge, whichever came first. We also compared the
incidences of and duration of mechanical ventilation,
noninvasive ventilation, and oxygen delivery between the
treatment approaches. At 24 months of corrected age, the
second version of the French translation of the Ages and
Stages Questionnaire (ASQ)34 was completed by parents.
We evaluated the total ASQ score, the score below
threshold (<186, based on our previous publications35,36),
the ASQ domain subscores (communication, gross motor,
fine motor, problem solving, and personal-social domains),
and their subscores below threshold (<36.5, 36.0, 36.4,
32.9, and 35.6, respectively).

Statistical Analyses
Based on data from the EPIPAGE 1 cohort,37 we hypothe-
sized that early treatment with ibuprofen should result in
an increase in survival without cerebral palsy of 18% (from
35% to 53%) in infants examined at 2 years, Thus, assuming
a 10% loss of follow-up, 115 patients should be randomized
per arm (a-error of 0.05 and [power 1-b error] at 80%).
Because only 60% of the patients were estimated to have a
large PDA, we planned to include a total of 385
(230O 0.6) patients. However, the sponsor stopped the trial
after enrolling 337 infants (356 assessed for eligibility,
Effect of Early Targeted Treatment of Ductus Arteriosus with Ibup
Infants with Extreme Prematurity: A Randomized Clinical Trial
Figure) as the proportion of patients with a large PDA was
68%.
Our primary analysis used a modified intention-to-treat

approach including all infants who were randomized and
received the first study dose. The primary outcome was sur-
vival without cerebral palsy at 24months of corrected age. In-
fants in the small ductus group were analyzed as reference.
Primary outcomes were assessed using generalized estimating
equations. Treatment effects were summarized with the use
of adjusted relative risks and 95% CIs estimated with a log-
link function and compound symmetric correlation struc-
ture accounting for multiple births. All analyses were
adjusted for gestational age at birth as fixed effect, recruit-
ment site as a random effect, and accounting for clustering
of siblings from the same pregnancy.
As sensitivity analyses, we performedmultiple imputations

with the use of chained equations separately in each group to
address missing data under a missing-at-random assump-
tion. We also performed a per-protocol analysis with and
without imputations. All sensitivity analyses were performed
with log-binomial, log-normal, or log-Poisson generalized
estimating equation models as appropriate. Results were
considered exploratory and were not adjusted for multiple
testing.
In addition to sensitivity analyses, planned subgroup ana-

lyses were performed among infants with birth weight z
scores <�1 for the primary outcome and to compare infants
from the placebo group with those from the small ductus
group. In a second complementary analysis, we compared
our reference group (infants with a small ductus) with the
placebo-treated large ductus group to calculate the sensi-
tivity, specificity, and positive and negative likelihood ratio
of the biomarker “ductus diameter measurements before
12 hours” to discriminate between infants who would and
would not subsequently meet the study’s criteria for a hemo-
dynamically significant PDA. Statistical analyses were per-
formed with SAS v 9.4 (SAS Institute, Inc).
Results

We recruited 349 infants fromMarch 26, 2012 to February 2,
2017, from 11 French tertiary-care NICUs. Among them, 337
were enrolled in the modified intention-to-treat analysis
(Figure). Ductus arteriosus assessed by echocardiography
(at less than 12 hours postnatal age) was assessed as small
or closed in 109 infants and large in 228 infants.
Gestational age, ductus diameter, and end-diastolic velocity
in left pulmonary artery were significantly different
between small and large ductus diameter groups,
respectively: mean (SD) 26.1 (1.0) vs 25.9 (1.0) weeks,
P = .03; 1.16 (0.48) vs 2.27 (0.52) mm, P < .001; and 0.13
(0.16) vs 0.19 (0.12) m/s, P = .001.
The 228 infants classified with a large ductus were random-

ized to ibuprofen (n = 114) or placebo (n = 114). Baseline
characteristics of mothers and infants were well balanced be-
tween the 2 groups (Table II).
rofen on Survival Without Cerebral Palsy at 2 Years in 35



Figure. Consort38 diagram of study population.
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Primary and Secondary Outcomes
The primary outcome was assessed in 108 of 114 (94.7%) and
102 of 114 (89.5%) patients allocated to ibuprofen or pla-
cebo, respectively (Figure). In the ibuprofen group 77 of
108 (71.3%) infants were alive without cerebral palsy at
36
24 months of corrected age compared with 73 of 102
(71.6%) in the placebo groups: adjusted relative risk (aRR)
0.98; 95% CI 0.83-1.16, P = .83; in comparison 77 of 101
(76.2%) of the infants in the small ductus arteriosus group
were alive without cerebral palsy at 24 months (Table III).
Roz�e et al



Table II. Baseline characteristics

Characteristics

Large ductus group

Small ductus
group n = 109

P value small vs large
(placebo + ibuprofen)

Placebo
n = 114

Ibuprofen
n = 114

Maternal characteristics
No. with data (% of recruited patients) 99 (100) 99 (100) 94 (100)
Mean age, y (SD) 29.7 (6.2) 30.9 (5.6) 30.2 (5.1) .95
Education

High school or less, n (%) 22 (22.2) 17 (17.2) 14 (14.9) .02
Some college, n (%) 11 (11.1) 12 (12.1) 3 (3.2)
College degree or greater, n (%) 17 (17.2) 20 (20.2) 14 (14.9)
Not known or not reported, n (%) 49 (49.5) 50 (50.5) 63 (67.0)

Primiparity, n (%) 47 (47.5) 53 (53.5) 45 (45.0) .67
Infant characteristics
No. with data (% of recruited patients) 114 (100) 114 (100) 109 (100)
Multiple gestation, n (%) 32 (28.1) 31 (27.2) 35 (32.1) .40
Received prenatal glucocorticoids, n (%) 108 (94.7) 106 (93.0) 102 (93.6) .91
Birth after tocolysis, n (%) 70 (61.4) 67 (58.8) 72 (66.1) .29
Delivery in the same hospital as the NICU, n (%) 105 (92.1) 104 (91.2) 104 (95.4) .21
Cesarean delivery, n (%) 65 (57.0) 60 (52.6) 54 (49.5) .36

Cesarean delivery before labor, n (%) 39 (34.2) 36 (31.6) 26 (23.9) .09
Abnormal fetal heart rate monitoring, n (%) 46 (40.4) 37 (32.5) 28 (25.7) .05
Mean gestational age, wk (SD) 25.9 (1.00) 25.8 (1.04) 26.1 (0.97) .03

24 wk, n (%) 12 (10.5) 15 (13.2) 8 (7.3)
25 wk, n (%) 29 (25.4) 27 (23.7) 22 (20.2)
26 wk, n (%) 35 (30.7) 34 (29.8) 29 (26.6)
27 wk, n (%) 38 (33.3) 38 (33.3) 50 (45.9)

Mean birth weight, g (SD) 870 (175) 850 (165) 860 (165) .99
Birth weight z score (SD) 0.15 (0.96) 0.03 (0.90) �0.07 (0.95) .13
Male sex, n (%) 60 (52.6) 53 (46.5) 55 (50.5) .88
1-min Apgar score, median (IQR) 5 (2, 8) 6 (3, 8) 5 (2, 8) .88
5-min Apgar score, median (IQR) 8 (6, 10) 8 (7, 10) 8 (6, 10) .82
5-min Apgar score <5, n (%) 12 (10.7) 10 (8.9) 12 (11.0) .74
First cerebral ultrasound before randomization:

Cerebral ultrasound results not available, n (%) 1 (0.9) 1 (0.9) 1 (0.9) .70
Normal, n (%) 101 (88.6) 97 (85.1) 98 (89.9)
IVH grade I or II, n (%) 12 (10.5) 16 (14.0) 10 (9.2)

First echocardiography before randomization:
No. with data (% of recruited patients) 114 (100) 114 (100) 109 (100)
Mean postnatal age at first echocardiography, h (SD) 9.0 (2.0) 8.8 (2.0) 8.4 (2.0) .04
Mean ductus arteriosus’ diameter, mm (SD) 2.28 (0.54) 2.25 (0.50) 1.16 (0.48) <.001
Mean left atrial/aortic root ratio (SD) 1.36 (0.28) 1.35 (0.30) 1.28 (0.32) .01
Mean of mean left pulmonary artery velocity, m/s (SD) 0.34 (0.14) 0.33 (0.10) 0.32 (0.17) .02
Mean telediastolic left pulmonary artery velocity, m/s (SD) 0.18 (0.12) 0.20 (0.13) 0.13 (0.16) <.001
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For secondary outcomes, the ductus arteriosus was more
often observed as closed at day 3 in the ibuprofen group
(Table IV). Mean and end-telediastolic left pulmonary
artery flow were also significantly lower on day 3 in the
ibuprofen group. Open-label rescue treatment with
ibuprofen occurred more frequently in the placebo group
(P < .001) (Table IV). The median (IQR) age of first
rescue treatment was 4 (3,5) days in the placebo group and
4 (4, 12) days in the ibuprofen group (Table IV). There
was no difference in the rate of surgical ligation between
the 2 groups (Table IV).

Survival analysis with the use of the unadjusted Kaplan-
Meier method and a Cox proportional-hazards model
adjusted for gestational age and center produced similar re-
sults (hazard ratio, 1.52; 95% CI 0.80-2.89; P = .20). Survival
without morbidity at 36 weeks of postmenstrual age was not
significantly different between the placebo and ibuprofen
groups (Table III).
Effect of Early Targeted Treatment of Ductus Arteriosus with Ibup
Infants with Extreme Prematurity: A Randomized Clinical Trial
The ASQ was assessed at 2 years of corrected age in 78 in-
fants in each group. Thirty-nine infants (50%) in each group
had no domain at risk. Only one domain’s score, problem
solving abilities, was significantly lower in placebo-treated in-
fants compared with ibuprofen-treated infants (P = .003)
(Table III). There was also a trend for placebo-treated
infants to have a lower fine motor skills scores and a higher
rate of total ASQ scores <186 (Table III).

Adverse Events
Adverse events were reported for 102 of 114 (89.5%) and 93
of 114 (81.6%) infants in the ibuprofen and placebo groups,
respectively (P = .68) (Table V; available at www.jpeds.com).
Pulmonary hemorrhage during the first 3 postnatal days was
observed in 2 of 114 (1.8%) and 9 of 114 (7.9%) infants in the
ibuprofen and placebo groups, respectively (aRR 0.22, 95%
CI 0.05-1.00), P = .05). Isolated gastrointestinal perforation
occurred in 10 of 114 (8.8%) and 4 of 114 (3.5%) infants
rofen on Survival Without Cerebral Palsy at 2 Years in 37
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Table III. Primary and secondary exploratory outcomes

Outcomes

Large ductus group Small ductus group

Placebo
n = 114

Ibuprofen
n = 114 aRRs [95% CI]*

P value
Ibuprofen
vs placebo n = 109

P value vs
placebo†

P-value vs
Ibuprofen‡

Primary outcome at 2 y of corrected age
No. with data available, n (%) 102 (89.5) 108 (94.7) 101 (92.7)
Survival without cerebral palsy, n (%) 73 (71.6) 77 (71.3) 0.98 [0.83-1.16] .83 77 (76.2) .63 .49
Death, n (%) 17 (16.7) 23 (21.3) 1.25 [0.72-2.19] .42 20 (19.8) .33 .82
Cerebral palsy, n (%) 12 (11.8) 8 (7.4) 0.62 [0.26-1.45] .27 4 (3.7) .05 .30
Gross motor function classification system,

stage 1 to 2, n (%)
9 (8.8) 6 (5.3) - - 2 (1.8) - -

Gross motor function classification system,
stage 3 to 4, n (%)

3 (2.9) 2 (1.8) - - 2 (1.8) - -

Secondary exploratory outcomes
Outcomes at 36 wk of corrected age

No. with data available (%) 114 (100) 114 (100) - - 109 (100) - -
Death, n (%) 16 (14.0) 23 (20.2) 1.43 [0.80-2.53] .22 19 (17.4) .30 .89
Survival without morbidity,§n (%) 50 (43.9) 48 (42.1) 0.94 [0.71-1.26] .70 50 (45.9) .96 .66

Respiratory course
No. with data available (%) 114 (100) 114 (100) - - 109 (100) - -
Median (IQR) cumulative duration of

mechanical ventilation, d
7.5 (1, 22) 5 (1, 17) - .26 3 (1, 15) .02 .12

Median (IQR) cumulative duration of
noninvasive ventilation, d

40 (25, 40) 39 (21, 59) - .47 43 (26.5, 56.5) .87 .37

Median (IQR) cumulative duration of
oxygen delivery, d

39 (11, 66) 29 (8, 52) - .16 21 (10, 46) .03 .41

ASQ results at 24 mo of corrected age
No. of children with data available (%) 78 (68.4) 78 (68.4) - - 72 (66) - -

All ASQ domains above threshold,{n (%) 39 (50.0) 39 (50.0) 0.98 [0.72-1.34]** .91** 42 (58.3) .41** .34**
One ASQ domain below threshold,{n (%) 16 (20.5) 24 (30.8) 14 (19.4)
Two or more ASQ domains below
threshold,{n (%)

23 (29.5) 15 (19.2) 16 (22.2)

Mean total ASQ score (SD) 224.9 (55.5) 236.3 (46.2) - .15 240.4 (39.7) .06 .65
No. of children with total ASQ

score <186, n (%)
15 (19.2) 7 (9.0) 0.44 [0.19-1.03] .06 5 (6.9) .04 .78

Mean fine motor skills score (SD) 46.9 (11.4) 49.7 (8.6) - .07 50.4 (9.3) .06 .86
Fine motor skills below threshold,{n (%) 13 (16.7) 8 (10.3) 0.59 [0.26-1.33] .20 8 (11.1) .37 .75
Mean problem solving abilities score (SD) 42.8 (13.4) 48.8 (11.2) - .003 46.5 (11.6) .07 .22
Problem solving abilities domain below

threshold,‡n (%)
17 (21.8) 8 (10.3) 0.47 [0.21-1.03] .06 9 (12.5) .14 .68

Mean personal social skills score 44.5 (12.8) 45.2 (10.6) - .71 46.4 (10.0) .36 .56
Mean personal social skills domain

below threshold,‡n (%)
19 (24.4) 16 (20.5) 0.83 [0.46-1.48] .52 13 (18.1) .41 .85

*Relative risks are expressed for ibuprofen vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and
accounting for clustering of siblings from the same pregnancy.
†P values are expressed for small ductus vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and
accounting for clustering of siblings from the same pregnancy.
‡P values are expressed for small ductus vs ibuprofen and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and
accounting for clustering of siblings from the same pregnancy.
§Morbidities at 36 weeks of corrected age included bronchopulmonary dysplasia, necrotizing enterocolitis, grade III-IV IVH, or periventricular leukomalacia.
{Thresholds for communication, gross motor, fine motor, problem solving and personal-social domains are 36.5, 36.0, 36.4, 32.9, and 35.6, respectively.
**aRR and P values for no domain vs 1 or more domain below threshold.
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in the ibuprofen and placebo groups, respectively (aRR 2.46
[0.81, 7.5], P = .11), and grade III or IV cerebral hemorrhages
were observed in 18 of 114 (15.8%) and 11/114 (9.6%)
infants in the ibuprofen and placebo groups, respectively
(aRR 1.57, 95% CI 0.78-3.16, P = .20). No significant
difference between treatment groups was observed for
other adverse events such as renal failure, necrotizing
enterocolitis, or systemic hypotension/circulatory shock
(Table V).

Multiple Imputation and Per-Protocol Analysis
An intention-to-treat analysis that used multiple imputation
for missing primary-outcome data showed results that were
38
similar to those of the primary analysis (114 children in
each group; aRR 0.99; 95% CI 0.85-1.15, P = .86)
(Table VI; available at www.jpeds.com).
In the per-protocol analysis (Table VI), the ibuprofen

group was constituted of 108 infants and the placebo group
of 113 infants (the Figure provides an explanation of group
numbers). Primary outcome was known for 102 and 101
infants, respectively. Survival without cerebral palsy
occurred in 73 of 102 (71.6%) vs 72/101 (71.3%) infants in
the ibuprofen and placebo groups, respectively. A per-
protocol analysis that used multiple imputation for missing
primary-outcome data showed results that were similar to
those of the primary per-protocol analysis (Table VI).
Roz�e et al
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Table IV. Cardiac ultrasound results at day 3 and 14, open-label rescue ibuprofen treatments, and surgical ligation of
the ductus arteriosus in the large and small ductus groups

Echocardiography data and rescue treatments

Large ductus group Small ductus group

Placebo
n = 114

Ibuprofen
n = 114

P value
Ibuprofen
vs Placebo* n = 109

P value vs
placebo†

P value
vs ibuprofen‡

Echocardiography at d 3
Alive at d 3, n (%) 112 (98.2) 112 (98.2) - 107 (98.2)
No. with data (%) 110 (98.2) 102 (91.1) - 105 (98.1)
Patterns of flow

No. with data (%) 87 (77.7) 95 (84.8) 90 (84.1)
Closed ductus arteriosus, n (%) 17 (19.5) 66 (69.5) <.001 38 (42.2) .01 .002
Closing pattern, n (%) 17 (19.5) 9 (9.5) 20 (22.2)
Pulsatile pattern, n (%) 37 (42.5) 13 (13.7) 23 (25.6)
Growing pattern, n (%) 13 (14.9) 5 (5.3) 8 (8.9)
Pulmonary hypertension pattern, n (%) 3 (3.4) 2 (2.1) 1 (1.11)

Left atrial/aortic root ratio
No. with data (%) 100 (89.3) 77 (68.8) - 89 (83)
Median value (IQR) 1.57 (1.3,1.8) 1.40 (1.20,1.65) .029 1.42 (1.20, 1.73) .11 .72

Mean left pulmonary artery velocity
No. with data (%) 89 (79.5) 73 (65.2) - 72 (67.3)
Median value (IQR), m/s 0.48 (0.39,0.59) 0.38 (0.32,0.45) <.001 0.47 (0.37,0.59) .89 .001

Telediastolic left pulmonary artery velocity
No. with data (%) 90 (80.4) 63 (56.3) - 72 (67.3)
Median value (IQR), m/s 0.19 (0.12,0.27) 0.09 (0.06,0.14) <.001 0.14 (0.08,0.30) .18 .001

Echocardiography at d 14
No. alive at d 14 (%) 106 (93.0) 98 (86.0) - 100 (91.7)
No. with data (%) 92 (91.7) 83 (84.7) - 89 (89)
Patterns of flow

No. with data (%) 74 (69.8) 75 (76.6) - 75 (75)
Closed ductus arteriosus, n (%) 40 (54.0) 56 (74.7) .49 48 (64.0) .26 .21
Closing pattern, n (%) 11 (14.9) 3 (4.0) 6 (8.0)
Pulsatile pattern, n (%) 18 (24.3) 12 (16.0) 20 (26.7)
Growing pattern, n (%) 4 (5.4) 3 (4.0) 1 (1.3)
Pulmonary hypertension pattern, n (%) 1 (1.3) 1 (1.3) 0 (0)

Left atrial/aortic root ratio
No. with data (%) 74 (69.8) 55 (56.1) - 75 (75)
Median value (IQR) 1.5 (1.3,1.8) 1.5 (1.3,1.7) .27 1.5 (1.3,1.7) .39 .67

Mean left pulmonary artery velocity
No. with data (%) 64 (60.4) 45 (45.9) - 68 (68)
Median value (IQR), m/s 0.52 (0.39,0.69) 0.51 (0.37,0.66) .65 0.50 (0.40,0.63) .92 .71

Telediastolic left pulmonary artery velocity
No. with data (%) 61 (57.5) 44 (44.9) - 56 (56)
Median value (IQR), m/s 0.13 (0.02,0.25) 0.10 (0.07,0.19) .86 0.10 (0.06,0.18) .38 .54

Open-label rescue treatment
Open-label rescue ibuprofen treatment, n (%) 71 (62.3) 20 (17.5) <.001 34 (31.2) <.001 .02
Postnatal age of first rescue ibuprofen

treatment (d), median (IQR)
4 (3,5) 4 (4,12) .015 4 (3,8) .53 .12

Open-label rescue started before d 3, n (%) 24 (33.8) 2 (10.0) .049§ 12 (35.3) .78 .041
Open-label rescue started after d 3, n (%) 47 (66.2) 18 (90.0) 22 (64.7)
Catecholamine and/or hydrocortisone

hemisuccinate at time of rescue before d 3, n (%)
14/24 (58.3) 2/2 (100.0) .24 10/12 (83.3) .13 .53

Cumulative ibuprofen dose (mg/kg), median (IQR) 14.7 (0, 27.5) 20.0 (20.0, 20.0) <.001 0.0 (0.0, 16.0) <.001 <.001
Surgical ligation of ductus arteriosus, n (%) 15 (13.2) 8 (7.0) .12 7 (6.4) .09 .86
Median postnatal age at ductus ligation (IQR) 22 (14, 30) 28 (20,47) .36 34 (26,48) .12 .69

*P values are expressed for ibuprofen vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and accounting
for clustering of siblings from the same pregnancy.
†P values are expressed for small vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and accounting for
clustering of siblings from the same pregnancy.
‡P values are expressed for small vs ibuprofen and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and accounting
for clustering of siblings from the same pregnancy.
§Fisher exact test.
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Complementary Analyses
Two additional analyses were performed, the first on infants
whose birth z score was less than�1. This analysis concerned
only 29 enrolled infants in the large PDAgroup, (placebo=11;
ibuprofen = 18). There was no significant difference in the
primary outcome between the groups: ibuprofen = 4/15
Effect of Early Targeted Treatment of Ductus Arteriosus with Ibup
Infants with Extreme Prematurity: A Randomized Clinical Trial
(26.7%); placebo = 4/11 (36.4%), aRR = 0.59 (0.17, 2.04).
Nor did the primary outcome differ between the placebo
and the small ductus group (Table III), aRR 0.95; 95% CI
0.59-1.51, P = .81. In the second complementary analysis
evaluating ductus diameter measurements before 12 hours
as a biomarker for identifying infants at risk for developing
rofen on Survival Without Cerebral Palsy at 2 Years in 39
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a hemodynamically significant PDA, we observed a
sensitivity of 0.68, 95% CI (0.58, 0.76), a specificity of 0.64,
95% CI (0.55,0.72), a positive likelihood ratio of 1.9, 95%
CI (1.4, 2.4), and a negative likelihood ratio of 0.51, 95%
CI (0.37, 0.69).

Discussion

In our trial, infants with a large PDA were treated with either
ibuprofen or placebo within 12 hours of birth. Infants in both
groups received open-label ibuprofen “rescue” treatment 3-
4 days later if the large PDA persisted and met clinical and
echocardiographic features consistent with a moderate-to-
large hemodynamically significant PDA (Methods section).
Although infants receiving early ibuprofen treatment had a
lower incidence of hemodynamically significant PDA and
decreased left-to-right pulmonary shunt at day 3 (as indi-
cated by the decreased incidence of early pulmonary hemor-
rhage and decreased left pulmonary flow), this reduction was
not associated with a reduction in mortality or morbidity at
36 weeks of postmenstrual age. Nor was there a difference in
the rate of our primary outcome: survival without cerebral
palsy at 2 years. These results are consistent with a previous
exploratory study, performed in Australia, using indometh-
acin for early echocardiography-targeted treatment.12 Our
trial extends the findings from prior RCTs of prophylactic
PDA treatment6-8 by demonstrating that prophylactic treat-
ment of infants who are at increased risk for developing a he-
modynamically significant PDA does not appear to alter the
rate of morbidities at 36 weeks or 2 years compared with a
placebo approach that relied on back-up rescue therapy
several days later.

We were surprised that the reduction in pulmonary hem-
orrhage before 3 days was not associated with a decrease in
the rate of IVH and an improvement in later outcomes
because pulmonary hemorrhage is a risk factor for high grade
IVH39 and its prevention might be expected to result in
improved neurodevelopmental outcomes. Possible explana-
tions for the lack of long-term benefits of our tested strategy
include potential toxicities of ibuprofen that might counter-
balance the potential benefits of reduced pulmonary hemor-
rhages, and the multifactorial etiologies that contribute to
death and cerebral palsy . We found nonsignificant trends to-
ward increased rates of high grade IVH and isolated
gastrointestinal perforations in the ibuprofen group. These
adverse events have previously been reported for ibuprofen,
although not identified as more frequent in a meta-analysis
of ibuprofen treatment trials.11 Another meta-analysis40 on
presymptomatic-targeted treatment of PDA did not assess
high grade IVH and isolated gastrointestinal perforation.
Cerebral palsy is a multifactorial disease, and it may be that
a single early intervention is unlikely to affect this outcome.41

We did find several secondary outcomes that differed be-
tween the 2 treatment approaches. Infants treated with
ibuprofen had higher scores on several parts of the ASQ
compared with placebo-treated infants. There were also
several significant differences and trends between the 2
40
treatment approaches when compared with infants in the
small ductus group. Infants in the placebo-treated large
PDA group were ventilated for longer durations, had more
pulmonary hemorrhages and cerebral palsy, and worse neu-
rodevelopmental skills (fine motor skills, total ASQ score,
and problem solving) comparedwith infants in the small duc-
tus group. In contrast, when infants in the small ductus group
were comparedwith those in the ibuprofen-treated large PDA
group there were no differences in any of these outcomes
(Table III). These findings regarding the potential
consequences of a hemodynamically significant PDA shunt
during the first days after birth on neurodevelopmental and
respiratory outcomes warrant further investigations.
Our trial has several limitations. It cannot address the

question of whether a large PDA should be closed or allowed
to persist during the neonatal period because the high rate of
early backup open-label PDA treatment at 3-4 days insured
that by 14 days, 70% of the infants in both study groups
had a closed or closing ductus flow pattern (Table IV).
Although infants receiving open-label back-up treatment
met prespecified echocardiographic criteria before being
treated, the high rate of early PDA back-up treatment
impedes definitive conclusions about an early treatment
approach compared with a conservative approach where
the PDA is allowed to persist for several weeks in spite of
clinical and echocardiographic evidence of a large left-to-
right shunt. The issue of early back-up treatment has been
a limitation in many other double-blind randomized
trials.7,15,42 It is interesting to note that back-up treatment
was not uncommon even among infants who had a small
PDA within 12 hours of birth (who were not part of the
randomized trial). Thirty-one percent met our rescue
criteria and were treated with open-label ibuprofen at a
median age of 4 days (Table IV).
As stated above, infants receiving open-label back-up

treatment met prespecified echocardiographic criteria before
being treated. However, our criteria for identifying PDA
shunts qualifying for open-label treatment may have had sig-
nificant interobserver variability and are surrogates, not per-
fect indicators, of the magnitude of ductus left-to-right
shunts.43 We used these imperfect criteria as they have
been used in earlier trials and enable us to compare our re-
sults with those previously reported. Although several new
scoring systems have been proposed to classify PDA shunt
severity,44,45 their accuracy and generalizability still require
confirmation by investigators from other centers. Future tri-
als will be needed to investigate more comprehensive early
scoring systems.
The high rate of spontaneous and nonspontaneous ductus

closure among the placebo-treated infants is another limita-
tion of our study. Despite the use of early targeted echocardi-
ography to identify infants with a large PDA, 39% of the
PDAs in the placebo group had either closed or had a closing
ductus flow pattern when examined 2 days later (Table IV).
In addition to the difficulties and variability in accurately
measuring ductal dimension, our results suggest that the
early measurement of ductus diameter (at 12 hours after
Roz�e et al
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birth) is probably an insufficient biomarker to discriminate
PDAs that will remain open with a large shunt from those
that will spontaneously close in the next few days. Because
of the high rate of early spontaneous ductus closure and
the frequent use of early open-label rescue treatment in the
placebo group, our estimate of ibuprofen’s effect may be
shifted toward the null hypothesis, meaning that the true
effect of early ibuprofen treatment may be greater than
what was observed in our study if the hemodynamically
significant PDA in the placebo group had remained open
for a much longer period of time.

Another limitation is that the power of the study was much
lower than anticipated. When the study protocol was initially
developed its hypothesis was built on the rates observed dur-
ing the EPIPAGE I study (births in 1997). In our current
study, the placebo control group had a survival without cere-
bral palsy rate of more than twice what had been expected
from the EPIPAGE I study. This improved outcome is consis-
tent with the results of the recently published EPIPAGE II
study (from 2011 births) which also showed a significant in-
crease over time in cerebral palsy -free survival compared
with the earlier period.46 Because of the wide CIs of our pri-
mary outcome, a 17% increase or decrease in survival without
cerebral palsy was compatible with the results of our study.

In our study, based on measurements of PDA diameter
alone, early targeted use of ibuprofen in premature infants
between 240/7and 276/7 weeks of gestation did not change sur-
vival or rates of cerebral palsy compared with a placebo
approach that relied on back-up rescue therapy several days
later. Unlike the prior Australian trial which used a similar
approach (but with indomethacin instead of ibuprofen), we
did not observe a decrease in IVH frequency. Not all nonste-
roidal antiinflammatory drugs have the same effect. Whereas
indomethacin prophylaxis has previously been shown to
decrease the risk of severe IVH and improve long-term out-
comes among boys,47 the same has yet to be shown for
ibuprofen.

To close or not to close a large PDA during the first weeks
remains an open question and will require greater equipoise
on the part of investigators toward the need for back-up
treatments. Observational studies5,14 support early closure
of PDA, but have never been confirmed by an interventional
study using indomethacin or ibuprofen. Future RCTs should
prioritize the identification of populations at greatest risk of
both physiologic and clinical consequences from the shunt to
reduce the number of infants being exposed to indomethacin
or ibuprofen. The use of an investigational drug with fewer
side effects, such as acetaminophen, might be another option
if it proves to be an effective drug for closing large PDAs in
infants with extreme prematurity.48,49 Alternatively, an early
transcatheter percutaneous closure approach might be able
to provide definitive PDA closure if it can be performed safely
in infants with extreme prematurity.50,51 n
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Table I. Preplanned secondary outcomes evaluated as part of the TRIOCAPI Trial and adverse events

Preplanned secondary outcomes
Open-label rescue treatment
Surgical ligation
Duration of mechanical ventilation, noninvasive ventilation, and oxygen delivery
ASQ completed at 24 mo of corrected age
Death and survival without severe morbidity at 36 wk of corrected age or discharge, whichever came first

Severe morbidities
Bronchopulmonary dysplasia*
Necrotizing enterocolitis†

IVH grade III-IV‡

Periventricular leukomalacia§

Others morbidities or adverse events
Retinopathy of prematurity (³stage 2){
Gastrointestinal bleeding, isolated gastrointestinal perforation
Thrombocytopenia (platelet count <50 000/mm3)
Severe pulmonary hemorrhage**
Pulmonary hypertension
Renal failure††

Late-onset sepsis‡‡

Severe hypotension§§

Multiple organ failure

*Bronchopulmonary dysplasia, defined by the use of supplemental oxygen at 36 weeks of postmenstrual age, using Walsh’s room air challenge test.30

†Necrotizing enterocolitis, defined as a modified Bell stage 2b or more.31

‡IVH grade III-IV.19

§Periventricular leukomalacia.32

{Retinopathy of prematurity (³stage 2).33
**Pulmonary hemorrhage, defined as the combination of 2 consecutive bloody tracheal aspirates, an increase in FiO2 ³ 0% and/or an increase in mean airway pressure ³2 cm H2O.
††Renal failure, defined by creatinine >150 mmol/L or oliguria less than 0.5/mL/kg/hour.
‡‡Late-onset sepsis requiring antibiotic therapy for more than 7 days.
§§Severe hypotension, defined as mean arterial blood pressure (in mm Hg) below gestational age (in weeks) for ³4 hours despite maximal inotropic drug doses according to local practices.
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Table V. Adverse events during hospital stay before 37 weeks of postmenstrual age

Adverse events

Large ductus group

aRRs [95% CI]*

P value
Ibuprofen
vs placebo

Small ductus
group n = 109

P value Small
ductus vs ibuprofen

P value
Small ductus
vs placebo

Placebo
n = 114

Ibuprofen
n = 114

At least 1 adverse event, n (%) 93 (81.6) 102 (89.5) 1.02 [0.94-1.11] .68 96 (88.0) Not estimated Not estimated
Mean number of events per infant, (SD) 2.5 (1.0) 2.4 (1.8) - .65 2.3 (1.7) .99 .67
Death, n (%) 16 (14.0) 23 (20.2) 1.43 [0.80-2.53] .22 19 (17.4) .89 .30
Thrombocytopenia, n (%) 7 (6.1) 3 (2.6) 0.43 [0.11-1.62] .21 8 (7.3) .66 .96
Pulmonary hemorrhage during the

first 3 d after birth, n (%)
9 (7.9) 2 (1.8) 0.22 [0.05-1.00] .05 3 (2.8) .62 .10

Pulmonary hemorrhage at any age, n (%) 13 (11.4) 5 (4.4) 0.38 [0.14-1.04] .06 5 (4.6) .94 .07
Pulmonary hypertension, n (%) 5 (4.4) 4 (3.5) 0.80 [0.22-2.89] .74 1 (0.9) .27 .19
Bronchopulmonary dysplasia at 36

wk of postmenstrual age,† n (%)
47 (41.2) 40 (35.1) 0.84 [0.61-1.18] .32 37 (33.9) .95 .29

Renal failure, n (%) 16 (14.0) 14 (12.3) 0.84 [0.43-1.63] .60 11 (10.1) .83 .45
Isolated gastrointestinal perforation, n (%) 4 (3.5) 10 (8.8) 2.46 [0.81-7.48] .11 0 Not estimated Not estimated
Necrotizing enterocolitis,‡ n (%) 6 (5.3) 5 (4.4) 0.83 [0.26-2.65] .76 9 (8.3) .22 .35
Late-onset sepsis, n (%) 79 (69.3) 75 (65.8) 0.94 [0.79-1.11] .46 86 (78.9) .01 .06
Severe sepsis,§ n (%) 4 (3.5) 7 (6.1) 1.75 [0.52-5.83] .36 8 (7.3) .70 .21
All circulatory events (hypotension

and/or shock),{ n (%)
56 (49.1) 55 (48.2) 0.90 [0.71-1.14] .40 42 (38.5) .86 .44

Multiple organ failure 0 (0.9) 3 (2.6) Not estimated - 4 (3.7) Not estimated Not estimated
Grade III or IV cerebral hemorrhage,** n (%) 11 (9.6) 18 (15.8) 1.57 [0.78-3.16] .20 10 (9.2) .27 .94
Periventricular leukomalacia, n (%) 3 (2.6) 5 (4.4) 1.69 [0.41-6.96] .46 3 (2.8) .45 .99
Retinopathy of prematurity stage >2,†† n (%) 5 (4.4) 3 (2.6) 0.59 [0.14-2.42] .46 4 (3.7) .59 .85

*Relative risks are expressed for ibuprofen vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and
accounting for clustering of siblings from the same pregnancy.
†Use of supplemental oxygen at 36 weeks of postmenstrual age, using the Walsh room air challenge test.22

‡Stage 2b or more using the modified Bell classification.23

§All sepsis events requiring volume expansion or inotropic treatment.
{All circulatory events requiring volume expansion or inotropic treatment.
**Serious intraventricular hemorrhages, defined as grades 3 or 4 intraventricular hemorrhage (using the four-level grading system).19

††According to international classification.33

Table VI. Survival without cerebral palsy at 24 months of corrected age in the large ductus group using the primary
and sensitivity analysis

Models used Placebo Ibuprofen aRR [95% CI]* P value

Modified intention to treat analysis (cases with primary outcome),† n/N (%) 73/102 (71.6) 77/108 (71.3) 0.98 [0.83-1.16] .84
Modified intention to treat analysis with multiple imputations),† n/N (%) 83/114 (72.6) 83/114 (72.6) 0.99 [0.85-1.15] .86
Per protocol analysis, (cases with primary outcome),† n/N (%) 72/101 (71.3) 73/102 (71.6) 1.00 [0.84-1.18] .96
Per protocol analysis with multiple imputations),† n/N (%) 81/113 (72.0) 79/108 (72.9) 1.00 [0.85-1.17] .98

*Relative risks are expressed for ibuprofen vs placebo and were generated with the use of generalized estimating equation models adjusted for gestational age at birth and recruitment site and
accounting for clustering of siblings from the same pregnancy.
†Two analyses were performed: an “intention to treat” analysis and a “per-protocol” analysis. Each analysis was performed with and without multiple imputations to account for infants who did not
have a primary outcome recorded (Figure). In the intention-to-treat analysis, all enrolled infants were included in the analysis: placebo large ductus group (n = 114), ibuprofen large ductus group
(n = 114). In the per protocol analysis, the numbers included were placebo large ductus group (n = 113, the infant randomized by error was withdrawn), ibuprofen large ductus group (n = 108, the 3
infants randomized by error and the 3 infants receiving only 1 dose of ibuprofen by error were withdrawn).
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