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ABSTRACT

BACKGROUND

The cyclooxygenase inhibitor ibuprofen may be used to treat patent ductus arteriosus
(PDA) in preterm infants. Whether selective early treatment of large PDAs with
ibuprofen would improve short-term outcomes is not known.

METHODS

We conducted a multicenter, randomized, double-blind, placebo-controlled trial
evaluating early treatment (<72 hours after birth) with ibuprofen for a large PDA
(diameter of >1.5 mm with pulsatile flow) in extremely preterm infants (born be-
tween 23 weeks 0 days’ and 28 weeks 6 days’ gestation). The primary outcome was a
composite of death or moderate or severe bronchopulmonary dysplasia evaluated at
36 weeks of postmenstrual age.

RESULTS
A total of 326 infants were assigned to receive ibuprofen and 327 to receive placebo;
324 and 322, respectively, had data available for outcome analyses. A primary-out-
come event occurred in 220 of 318 infants (69.2%) in the ibuprofen group and 202
of 318 infants (63.5%) in the placebo group (adjusted risk ratio, 1.09; 95% confi-
dence interval [CI], 0.98 to 1.20; P=0.10). A total of 44 of 323 infants (13.6%) in
the ibuprofen group and 33 of 321 infants (10.3%) in the placebo group died
(adjusted risk ratio, 1.32; 95% CI, 0.92 to 1.90). Among the infants who survived
to 36 weeks of postmenstrual age, moderate or severe bronchopulmonary dysplasia
occurred in 176 of 274 (64.2%) in the ibuprofen group and 169 of 285 (59.3%) in
the placebo group (adjusted risk ratio, 1.09; 95% CI, 0.96 to 1.23). Two unforeseeable
serious adverse events occurred that were possibly related to ibuprofen.

CONCLUSIONS
The risk of death or moderate or severe bronchopulmonary dysplasia at 36 weeks
of postmenstrual age was not significantly lower among infants who received early
treatment with ibuprofen than among those who received placebo. (Funded by the
National Institute for Health Research Health Technology Assessment Pro-
gramme; Baby-OSCAR ISRCTN Registry number, ISRCTN84264977.)
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EARLY TREATMENT OF PDA WITH IBUPROFEN

VER THE PAST TWO DECADES, SURVIV-

al among extremely preterm infants has

increased alongside modest reductions
in neonatal morbidity, although the incidence of
bronchopulmonary dysplasia has increased.! In
this gestation group, a large (21.5 mm in diam-
eter) patent ductus arteriosus (PDA) that is pres-
ent beyond 3 days of age is associated with higher
mortality and morbidity and a higher risk of
bronchopulmonary dysplasia than have been re-
ported among infants without a PDA.? The inci-
dence of PDA is inversely proportional to gesta-
tional age at birth: more than 40% of infants born
at less than 28 weeks’ gestation have persistent
PDA by 4 months of age.>* The risk of broncho-
pulmonary dysplasia or death in extremely pre-
term infants also increases with the persistence of
PDA beyond 1 to 2 weeks of age.’

Various treatment strategies have been inves-
tigated for the management of PDA.® Prophylaxis
with indomethacin or ibuprofen in the first 12 to
24 hours of life has been reported to reduce the
risk of severe intraventricular hemorrhage and
pulmonary hemorrhage but has not been found
to increase survival without neurosensory impair-
ment at 18 months.” However, if a prophylactic
approach is used, many infants will receive
treatment unnecessarily, since PDAs can close
spontaneously.® Data on the treatment of infants
with a symptomatic PDA are limited, and reports
of improvements in clinical outcomes are lack-
ing.’ Consequently, the number of extremely pre-
term infants with a PDA who are treated pharma-
cologically has decreased.”

With the use of bedside functional echocar-
diography,™ infants can now be screened to iden-
tify large PDAs with unrestricted flow that are
unlikely to close spontaneously. Selective early
targeted treatment of patients with these PDAs
may make it possible to avoid unnecessary treat-
ment of all patients with PDAs.!? Parenteral indo-
methacin and ibuprofen have been used for early
targeted treatment of PDA, with no evidence of
a difference in their efficacy,” although the side-
effect profile of ibuprofen has been reported to
be superior.®

We hypothesized that among patients with a
PDA of 1.5 mm or larger in diameter with unre-
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stricted flow identified with the use of bedside
echocardiography, early selective treatment (<72
hours after birth) with ibuprofen would reduce
mortality and improve short-term outcomes such
as bronchopulmonary dysplasia to a greater ex-
tent than placebo.

METHODS

TRIAL DESIGN

We conducted a multicenter, double-blind, ran-
domized, placebo-controlled trial in 32 neonatal
intensive care units in the United Kingdom in
accordance with a published protocol (available
with the full text of this article at NEJM.org)."
The main trial was preceded by an internal pilot
phase to assess the suitability of trial procedures
and recruitment. The clinicians, the infants’ fami-
lies, and the persons who assessed outcomes
were unaware of the randomization assignments.*
The trial was coordinated by the National Perina-
tal Epidemiology Unit (NPEU) Clinical Trials Unit
at the University of Oxford, United Kingdom
(which was responsible for the conduct of the
trial), and was overseen by the trial steering com-
mittee, acting on the recommendations of an in-
dependent data and safety monitoring commit-
tee. The authors vouch for the accuracy and
completeness of the data and for the fidelity of
the trial to the protocol. Additional details are
provided in the Supplementary Appendix, avail-
able at NEJM.org.

PATIENTS

After written informed consent was obtained
from the parents, infants born between 23 weeks
0 days’ and 28 weeks 6 days’ gestation who
were less than 72 hours old, were confirmed by
echocardiography to have a large PDA, and for
whom there were no associated clinical con-
cerns for acute pulmonary hypertension were
considered to be eligible for participation. A
large PDA was defined as a PDA with a diam-
eter of at least 1.5 mm and unrestricted trans-
ductal pulsatile (left-to-right shunting) flow. A
full list of the inclusion and exclusion criteria
is provided in Table S1 in the Supplementary
Appendix.
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RANDOMIZATION

Dynamic randomization was performed with a
secure Web-based system that was created and
hosted by the NPEU Clinical Trials Unit with
24/7 telephone backup, ensuring concealment of
the group assignments. The randomization pro-
gram used a probabilistic minimization algorithm
and assigned patients in a 1:1 ratio to one of the
two groups to ensure balance with respect to the
size of the PDA, gestational age at birth, age, sex,
trial site, whether the infant was from a multiple
birth, mode of respiratory support, and whether
inotropes were received. Infants in multiple births
underwent randomization individually. Partici-
pants were enrolled by the delegated clinician at
the trial site.™

INTERVENTION AND TRIAL PROCEDURES

The trial intervention was ibuprofen sodium,
and the matched placebo was a clear sterile solu-
tion of 0.9% sodium chloride. Each carton con-
taining ibuprofen or placebo was labeled with a
unique code in compliance with the guidance
provided in annex 13 of the European Commis-
sion guidelines for Good Manufacturing Prac-
tice. Ibuprofen was administered parenterally as
a loading dose of 10 mg per kilogram of body
weight, followed by two doses of 5 mg per kilo-
gram at least 24 hours apart. Placebo was ad-
ministered as an equal volume of 0.9% sodium
chloride (Table S2). Only one course of ibuprofen
or placebo was given. Prespecified criteria for
open-label medical or surgical treatment after
enrollment are shown in Table S3.

Transthoracic echocardiography was performed
to assess eligibility within 72 hours after birth
and at 3 weeks (18 to 24 days) of age to assess the
patency of the PDA while minimizing open-label
treatment. For quality control, a sample of echo-
cardiograms from 65 infants was reviewed inde-
pendently by a pediatric echocardiographer who
was unaware of the treatment assignments.

OUTCOMES
The primary outcome was a composite of death
or moderate or severe bronchopulmonary dyspla-
sia assessed at 36 weeks of postmenstrual age'
(Tables S4 and S5). A physiological challenge of
supplemental oxygen reduction was used to test
for oxygen need at 36 weeks of postmenstrual

age'® to differentiate mild from moderate bron-
chopulmonary dysplasia (Fig. S1). Secondary
short-term outcomes up to the time of discharge
included individual components of the primary
outcome, the severity of bronchopulmonary dys-
plasia, severe intraventricular hemorrhage, cystic
periventricular leukomalacia, retinopathy of pre-
maturity requiring treatment, clinically signifi-
cant pulmonary hemorrhage, acute pulmonary
hypertension, definitive necrotizing enterocoli-
tis, closed or clinically nonsignificant PDA less
than 1.5 mm in diameter with restricted flow at
3 weeks age, open-label treatment of a PDA caus-
ing symptoms, weight gain, and discharge home
while receiving supplemental oxygen (Table
S5).% Other secondary short-term outcomes are
listed in the Supplementary Appendix and in the
statistical analysis plan (available with the pro-
tocol).V All outcome data were recorded rou-
tinely, including demographic data and compli-
cations of prematurity; these data were obtained
from clinical notes or trial-related assessments
(Table S6).

A list of foreseeable serious adverse events
that are common in this patient population was
prespecified (see section 9.1.4 in the protocol);
unforeseeable serious adverse events were de-
fined as those that were not included on this
list. A serious adverse reaction was defined as a
serious adverse event that was considered to
have been caused by the administration of the
trial agent; if such an event was not consistent
with the safety profile of the trial agent, it was
classed as a suspected unexpected serious ad-
verse reaction.

STATISTICAL ANALYSIS
The incidence of the primary outcome was pre-
dicted to be 60% in the placebo group (see Sup-
plementary Methods). A sample of 730 infants was
calculated to be required in order to detect a
clinically important absolute risk reduction of 12
percentage points (i.e., an incidence of 60% in
the placebo group and an incidence of 48% in the
ibuprofen group) with 90% power and a type I
error of 5% under the assumption that 1% of in-
fants would be lost to follow-up.**

Analyses were performed according to the
intention-to-treat principle, with infants exclud-
ed from the analysis only if their data were miss-
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ing. Missing data were not imputed. Analyses were
adjusted for minimization factors, such as the
size of the PDA at randomization, gestational age
at birth, age at randomization, sex, whether the
infant was from a multiple birth, mode of respi-
ratory support at randomization, whether ino-
tropes were received at the time of randomization,
and trial site, as well as for the correlation be-
tween siblings from multiple births, when tech-
nically possible (Table S7). Trial site was treated
as a random effect in the models, and all other
factors were treated as fixed effects. Binary out-
comes were analyzed by means of mixed-effects
Poisson regression with a robust variance esti-
mator; risk ratios and 95% confidence intervals
are reported. The assumptions used in the mod-
els were assessed and found to be valid (Fig. S2).
Continuous outcomes were analyzed with the
use of linear regression models; mean differences
and 95% confidence intervals (after checking
model assumptions) are reported. Because of the
large number of short-term outcomes, reporting
of differences between the groups and associat-
ed 95% confidence intervals was restricted to a
prespecified short list (Table S5). No formal
method to adjust for multiplicity was used; the
widths of the confidence intervals have not been
adjusted for multiplicity, and inferences drawn
may not be reproducible and should not be used
to infer definitive treatment effects for secondary
outcomes. Full details of the statistical analysis
are provided in the statistical analysis plan.”” Ad-
ditional details are provided in the Supplementary
Appendix. Stata/SE, version 15 (StataCorp), was
used for all analyses.

RESULTS

PATIENTS

From July 2015 through December 2020, a total
of 653 infants underwent randomization: 326 were
assigned to receive ibuprofen and 327 to receive
placebo. A total of 22 infants underwent ran-
domization during the internal pilot phase and
631 during the main recruitment phase (Fig. 1).
Maternal and infant baseline characteristics ap-
peared to be well balanced between the groups
(Table 1 and Table S8). The median PDA diam-
eter was 2.2 mm (interquartile range, 1.9 to 2.6).
An independent audit of the echocardiograms

3861 Infants were assessed for eligibility
with echocardiography

2590 Were found to be ineligible

1271 Were eligible

618 Did not undergo randomi-
zation
351 Had parent who declined
participation
95 Were withdrawn for
clinical reason
8 Were in facility with no staff
available
153 Had other reason
11 Had unknown reason

653 Underwent randomization

Y

y

326 Were assigned to receive ibuprofen
318 Received ibuprofen

7 Did not receive ibuprofen or
placebo
6 Had clinical reason
1 Died

1 Had unknown status regarding
receipt of ibuprofen or placebo

Y

327 Were assigned to receive placebo
315 Received placebo

2 Received ibuprofen

9 Did not receive ibuprofen or
placebo
8 Had clinical reason
1 Was outside trial period

1 Had unknown status regarding
receipt of ibuprofen or placebo

A

2 Were withdrawn by parent

Y

6 Were withdrawn
1 Was withdrawn for clinical reason
5 Were withdrawn by parent

A

324 Were included in outcome analyses
2 Had withdrawal of consent to
use data

322 Were included in outcome analyses
5 Had withdrawal of consent to
use data

Figure 1. Screening, Randomization, and Inclusion in the Analyses.

indicated that 93.8% of infants who underwent
randomization in the trial met the prespecified
echocardiographic eligibility criteria. The remain-
der of the echocardiographic images could not
be assessed accurately to confirm the eligibility
criteria.

A total 318 of 326 infants (97.5%) in the ibu-
profen group and 315 of 327 (96.3%) in the pla-
cebo group received their assigned intervention
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Table 1. Maternal and Infant Baseline Characteristics.*
Ibuprofen Placebo

Characteristic (N=324) (N=322)
Maternal characteristics
Age —yr 30.1+6.5 30.2+6.2
Race — no./total no. (%)

White 223/299 (74.6) 223/303 (73.6)

Asian 39/299 (13.0) 45/303 (14.9)

Black 25/299 (8.4) 25/303 (8.3)

Other 12/299 (4.0) 10/303 (3.3)
Infant characteristics at randomization
Median postnatal age (IQR) — hr 57.5 (43.1-65.6) 56.8 (43.9-66.7)
Postnatal age distribution — no. (%)

<12 hr 2(0.6) 2(0.6)

12 to <24 hr 15 (4.6) 14 (4.3)

24 to <48 hr 90 (27.8) 89 (27.6)

48to <72 hr 217 (67.0) 217 (67.4)
Gestational age — wki: 26.1+1.5 26.1+1.6
Mode of birth — no. (%)

Vaginal birth, cephalic 141 (43.5) 138 (42.9)

Vaginal birth, breech 50 (15.4) 46 (14.3)

Cesarean section before onset of labor 83 (25.6) 80 (24.8)

Cesarean section after onset of labor 50 (15.4) 58 (18.0)
Birth weight — g 839.9+204.8 852.9+211.3
Male sex— no. (%) 180 (55.6) 175 (54.3)
Apgar score 5 min after birth

Median score (IQR) 8.0 (6.0-9.0) 7.0 (6.0-9.0)

No. of patients with data 278 288
Median diameter of PDA (IQR) — mm 2.2 (1.9-2.5) 2.2 (1.9-2.6)
Distribution of PDA diameters — no. (%)

=1.5 mm and <2.0 mm 84 (25.9) 82 (25.5)

22.0 mm and <3.0 mm 201 (62.0) 201 (62.4)

23.0 mm 39 (12.0) 39 (12.1)
Mode of respiratory support — no. (%)

Invasive ventilation with endotracheal tube 206 (63.6) 204 (63.4)

Noninvasive respiratory support only§ 6 (35.8) 115 (35.7)

No mechanical ventilation or pressure support€ 2 (0.6) 3 (0.9)
Receipt of inotropes — no. (%) 44 (13.6) 37 (11.5)

* Plus—minus data are means +SD. IQR denotes interquartile range, and PDA patent ductus arteriosus.

Race was reported by the parent.

1 The characteristic was a factor used in the randomization minimization algorithm.

§ This category included nasal continuous positive airway pressure, nasal ventilation, humidified high-flow nasal cannula
therapy, or low-flow oxygen (=1.1 liters per minute).

9§ This category included low-flow oxygen (<1.1 liters per minute) and ambient oxygen.

318 N ENGLJ MED 390;4 NEJM.ORG JANUARY 25, 2024

The New England Journal of Medicine
Downloaded from nejm.org by Dzmitry Sankovec on February 20, 2024. For persona use only. No other uses without permission.
Copyright © 2024 Massachusetts Medical Society. All rights reserved.



*(JeA421Ul 92USPIUOD 9%4G6) DDUDIYIP UBSLW BUY] SI ANeA |
"vad Y1 jo Aouaied ay1 ssasse 03 yuiq Jaye (shep z 01 8T) sy2am ¢ 1e pawiopiad aq o) pauueld sem Aydes3oipiedoydq s
"ssau||l 219A3s alow Zuiesipul sadels saySiy yum ‘||| 01 | wouj a3uel si1jod04a3ud Suizijoidsu
1o} wiasAs uonedyIsse ||9g 2y ul sadeis "yioq Jo ‘siskjeue [ed13ojoyredolsty ‘AydeiSoipes kg pawiyuod se uaySiy 4o || 33e3s s,||2g Se PaULIP SEM SI131|0D0493Ud SU1ZI3043U 2I9A3S |
‘poddns Aiojeaidsas ur asealdul Yyim aqny [BaYDBIIOPUS Ul poo|q Ysaid |
‘Al o ||| 9peJd se pauysp sem a3eyiiowsY JB|NdLIUSARIIUI 219A3S
010=d *
'sy9am 9¢ Aj91ewixoidde je s|qe|ieae juswalinbal usBAxo Uo UoIIELIOJUI BABY 10U PIP G PUEB SY33M 9¢ 21049q dn-Mmo||0) 0}
3s0| sem juejul T ‘dnoud uajoidnqi ay) u| "s39am 9¢ Je 3|qe|IeAR JuSLAIINbaJ UaBAX0 UO LOIELLIOJUI SABY JOU PIP € PUE S399M 9¢ 210J9q UMBIPYIM Sem Juejul T ‘dnoid oqadeid ayp uj |
'S1D94J9 Paxlj Se SI01DB) USYIO ||B PUE ‘S|9POWU Y3 Ul 193443 WIOPUEI B SB P21Bal} SEM 3}S
[el] "3|qissod A|jediuyda) asaym ‘syuiq ajdinnw wouj s3uijqis Usamiaq uoiIe|a4i0d 3y} pue (UOIJEZILIOPUES JO BLUI 3} 1B PaAIadaJ a1am sadoujoul Jaylaym pue ‘uoljeziwopuel Je jod
-dns Aiojeuidsal jo spow ‘Yuiq a|diNW B WOy SBM JUBJUI BY} JBYIaYM ‘BYS [} X3S ‘Uoljeziwopued je 93e ‘yuiq je a3k [euoiielsad ‘yd SYy3 JO 92IS) SI01De) LUOIEZIWIUIW J0) pPaIshipy

Ll (zoot10-) 10 Lzoort0o-) 10 OTFT'T- 0'TFO'T- 93.eYdSIp puUB Y1Iq U2aM1aq 2402S Z Ul d3ueyd B
§9¢ LSC B1EP Y1IM SJUBJUI JO "ON
uted y3iom
(zz'1-26'0) 90T (Lz1-£8°0) SO'T (z6g) €21 (e'19) 0€1 (96) “ou — uadAxo |eyuawa|ddns yum awoy padieydsiq
(¥'0-81°0) 62°0 (09°0-+1°0) 620 (96) 1€ (876 (%) "ou — yad dnewoidws e o Juawessy [e1Bins [aqe|-usdo

1x(9%) "ou |ej01/-ou
— ainso|d |e213.ns Aq 4o A|[edipawi pajeas) jou ‘9. Jo M ¢ 1B W §'T= YAd

(%) "ou |e101/-ou

(58°0-€5°0) £9°0 (98°0-25°0) £9°0 (rv€) L1€/60T (T€d) 12e/veL

(r£1-0€1) 05°T (6£'1-97°1) 05'T (02€) ot€/L11 (ss8) £1€/921 — AydesBoipiedoyda Aq pawuiyuod 98e Jo yM ¢ 1e Ww §'T> 10 pasop y¥ad
(15°1-£9°0) 10T (6¥'1-£9°0) 00T (¢21) zzslty (¢z1) szeltw [ (96) "ou |e301/-0u — siijod0421Ua SuIZIj0I2aU 219A3S
(€TZ-15°0) v0'T (so'z-v50) 0T (07s) o1 (z9) L1 (%) "ou — so1e|iposen Kieuownd yum uoisuanadAy Aieuownd ainde 1oj JuaLuieal |
(LLz-020) 6€°T (tr'z—vL0) €£1 (9°9) zee/st (52) zeelve b (96) -ou |e01/"0u — a8eyiioway Areuow|nd Juesuiudis Ajesiund
(z7'1-89°0) 86°0 (9%'1-89°0) 660 (0v1) s¥ (67€1) s (%) ~ou — a4 auo 3se3| 1€ Ul Anjewaid jo Ayredountal Joj JuaLureas ]
(€8'¢-69°0) 29T (€£'¢¥2°0) 99T (826 (9%) T (%) "ou — eejeWONN3| JeINdLIURALIRd D1ISAD
(z8'1-€6'0) 0€'T (00'z-£8°0) z€'1 (9°01) ¥¢ (67¢T) s¥ fAujewiouqe [ewkyouaiedesiul Jo UOIIEIE|IP JBINDLIJUSA YUM A] 1O ||| SPEID
(r0¢) 86 (¥82) 26 UOI1BIE|Ip JB[NDLIAUSA INOYHM || 4O | SpEID
(0°1¥) z€1 (¢zp) L€1 (96) ‘ou — adeyuioway JejndLUdARIUI AUy

(96) "ou |e301/-0U

319

JANUARY 25, 2024

NEJM.ORG
The New England Journal of Medicine

N ENGL J MED 390;4

EARLY TREATMENT OF PDA WITH IBUPROFEN

(€21-96°0) 60'T

(06'1-26°0) Z€'T

(02'1-86°0) 60°T
21D %s6)

oney sy parsnipy

(€71-5670) 80'T

(z0'z-£80) €T

(zz1-£670) 60'T
(1> %s6)

oney ysiy paisnipeun

(£°65) $87/691
68
(e'01) TTe/€s

(s7€9) 81¢/70C

(zze =N)
ogade|d

(z¥9) vrz/oLt
08¢
(9°¢1) szelvy

(z'69) 81¢/07C

(rze=N)
ugjoidnq|

— a3e |ennisuawisod Jo ym g¢ 1e eise|dsAp Aieuow|ndoyduoiq 219495 40 91BISPOIN
sjuejul Jo ‘ou — ae |enJisuawilsod Jo )M 9¢ O} [BAIAINS
(94) "ou |e301/-0u — 33E |ENIISUSWISO JO M 9¢ Aq Y1eaQ
SawodIno Alepuodas
1(%) "ou |e101/"0u — 33e |BNIISUSWISOd JO YM g€ 1B
passasse eise|dsAp A1euowndoyouoiq 31935 10 31BI3POLU IO Y1Bap :3W0dIN0 Alewlld

awodn0

*sawodInQ A1epuodas pue Kiewtld 'z 3|qeL

Downloaded from nejm.org by Dzmitry Sankovec on February 20, 2024. For persona use only. No other uses without permission.
Copyright © 2024 Massachusetts Medical Society. All rights reserved.




320

The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Process Outcomes.

Outcome
Did not receive assigned intervention — no. (%)
Did not receive all doses of ibuprofen or placebo — no. (%)
Doses received — no. (%)
0
1
2
3
Reason for early discontinuation — no./total no. (%)*
Clinical decision
Parental request
Infant death
Missed dose or doses in error
Intervention window outside of trial period
Transfer out of recruiting site
Median age at first dose (IQR) — hr
Distribution of median age at first dose — no. (%)
0to <24 hr
24 to <48 hr
48 to <72 hr
=72 hr

Received second or third dose outside of dosing window —
no./total no. (%)

(%)

— no./total no. (%)§

Echocardiography not performed at 3 wk of age — no./total no.

Oxygen reduction test not performed when infant was eligible

Ibuprofen Placebo
(N=324) (N=322)
7(2.2) 11 (3.4)
41 (12.7) 34 (10.6)
7(2.2) 9 (2.8)
17 (5.2) 11 (3.4)
17 (5.2) 14 (4.3)
283 (87.3) 288 (89.4)

38/41 (92.7) 26/34 (76.5)

0 1/34 (2.9)
2/41 (4.9) 2/34 (5.9)
1/41 (2.4) 2/34 (5.9)

0 2/34 (5.9)
0 1/34 (2.9)
61 (47-68) 61 (48-69)
14/316 (4.4) 14/313 (4.5)
68/316 (21.5) 65/313 (20.8)
220/316 (69.6) 225/313 (71.9)
14/316 (4.4) 9/313 (2.9)
5/297 (1.7) 4/301 (1.3)

65/291 (22.3) 60/301 (19.9)

13/86 (15.1) 13/94 (13.8)

* Early discontinuation was defined as discontinuation when fewer than three doses had been received.
T The median was assessed among infants who had received at least one dose.

Echocardiography was planned to be performed at 3 weeks (18 to 24 days) after birth to assess the patency of the PDA;

infants who died before the 3-week echocardiogram could be obtained were excluded (33 infants in the ibuprofen group

and 21 in the placebo group).

§ Denominators are the numbers of infants who were eligible for the test.

(Fig. 1). Parental consent to use the data from
7 infants was withdrawn, which left data from
324 infants in the ibuprofen group and 322 in
the placebo group available for outcome analy-
ses (Fig. 1). Data that were required to assess the
primary outcome were missing for an additional
10 infants, and therefore assessment of the pri-

mary outcome was possible for 318 infants (97.5%)
in the ibuprofen group and 318 (97.2%) in the
placebo group.

OUTCOMES
A primary-outcome event (death or moderate or
severe bronchopulmonary dysplasia assessed at
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A Primary Outcome
Subgroup Ibuprofen Placebo Risk Ratio (95% Cl)
no. of events/total no. (%)

Gestational age at birth

23 to 23+6 days 28/29 (97) 29/29 (100) 0.97 (0.94-1.01)
24 to 24+6 days 53/59 (90) 51/58 (88) 1.02 (0.91-1.14)
25 to 25+6 days 46/64 (72) 44/63 (70) 1.03 (0.81-1.30)
26 to 26+6 days 40/65 (62) 35/66 (53) 1.17 (0.85-1.62)
27 to 27+6 days 34/59 (58) 22/54 (41) 1.35 (0.89-2.05)
28 to 29+6 days 19/42 (45) 21/48 (44) 1.06 (0.67-1.68)
Size of PDA at randomization E
1.5 to <2.0 mm 58/83 (70) 50/81 (62) —— 1.14 (0.94-1.37)
2.0to <3.0 mm 131/196 (67)  127/198 (64) —-— 1.03 (0.91-1.17)
>3.0 mm 31/39 (79) 25/39 (64) - 1.25 (0.97-1.62)
Mode of respiratory support at randomization E
Invasive ventilation 164/205 (80) 155/202 (77) - 1.04 (0.95-1.14)
Noninvasive ventilation or no support 56/113 (50) 47/116 (41) —- 1.24 (0.89-1.72)
Overall 220/318 (69) 202/318 (64) <> 1.09 (0.98-1.20)
O.ISO 0.|75 1.00 1.|50 2.60

Ibuprofen Better Placebo Better

B Severe Necrotizing Enterocolitis

Subgroup Ibuprofen Placebo Risk Ratio (95% Cl)
no. of events/total no. (%)

Size of PDA at randomization

1.5 to <2.0 mm 11/84 (13) 13/82 (16) ——W——— 0.81 (0.52-1.28)
2.0 mm 30/239 (13)  28/240 (12) —m———  110(067-138))
Overall 41/323 (13) 41322 (13) 1.01 (0.67-1.51)

I T T 1
0.50 0.75 1.00 1.50 2.00

Ibuprofen Better Placebo Better

Figure 2. Subgroup Analyses of the Primary Outcome and Severe Necrotizing Enterocolitis.

Panel A shows the subgroup analysis of the primary outcome, a composite of death or moderate or severe bron-
chopulmonary dysplasia assessed at 36 weeks of postmenstrual age. Panel B shows the subgroup analysis of se-
vere necrotizing enterocolitis, defined as necrotizing enterocolitis of Bell’s stage Il or higher, as confirmed by radi-
ography, histopathological analysis, or both. Stages in the Bell classification system for necrotizing enterocolitis
range from | to I, with higher stages indicating more severe iliness. In each panel, the diamond and dashed line
indicate the overall measure of effect, and the width of the diamond indicates the 95% confidence interval of the
overall effect. Risk ratios and 95% confidence intervals were obtained from an interaction term between treatment
assignment and subgroup characteristic of interest in a log binomial model adjusted for the size of the patent duc-
tus arteriosus (PDA) at randomization, gestational age at birth, age at randomization, sex, whether the infant was
from a multiple birth, mode of respiratory support at randomization, whether inotropes were received at random-
ization, and trial site as a random effect; data from siblings were clustered to account for correlation between in-
fants in multiple births. Some of the patient subgroups have been collapsed into fewer subgroups than prespeci-
fied because of the small number of patients in each category. No adjustments were made for multiplicity of
testing, and therefore interpretation of the confidence intervals should not be used to assess treatment effect.
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36 weeks of postmenstrual age) occurred in 220
of 318 infants (69.2%) assigned to ibuprofen and
202 of 318 infants (63.5%) assigned to placebo
(adjusted risk ratio, 1.09; 95% CI, 0.98 to 1.20;
P=0.10) (Table 2). A total of 44 of 323 infants
(13.6%) in the ibuprofen group and 33 of 321
(10.3%) in the placebo group died (adjusted risk
ratio, 1.32; 95% CI, 0.92 to 1.90). Among the
infants who survived to 36 weeks of postmen-
strual age, moderate or severe bronchopulmo-
nary dysplasia was present in 176 of 274 (64.2%)
in the ibuprofen group and 169 of 285 (59.3%) in
the placebo group (adjusted risk ratio, 1.09; 95%
CI, 0.96 to 1.23) (Table 2 and Figs. S3 and S4).
Results for the primary outcome excluding in-
fants who received open-label medical treatment
without meeting the specified criteria are shown
in Tables S9 and S10.

A closed or small PDA (<1.5 mm in diame-
ter) at 3 weeks (18 to 24 days) of age was pres-
ent in 176 of 317 infants (55.5%) in the ibupro-
fen group and 117 of 316 (37.0%) in the placebo
group (adjusted risk ratio, 1.50; 95% CI, 1.30 to
1.74) (Table 2 and Table S11). After randomiza-
tion, 571 of 646 infants (88.4%) received all
three doses of ibuprofen or placebo (Table 3).

Additional secondary outcomes are shown in
Table 2, Figure S5, and Tables S12 and S13. A
total of 43 infants (13.3%) in the ibuprofen
group and 82 (25.5%) in the placebo group re-
ceived open-label medical treatment for symp-
toms attributable to a PDA; 9 (2.8%) and 31
(9.6%), respectively, received surgical treatment
(Table 2). The percentage of infants who re-
ceived any open-label treatment (for any indica-
tion), including surgical ligation, was 14.2% in
the ibuprofen group and 29.8% in the placebo
group; the median interval from randomization
to open-label treatment was 11 days (interquar-
tile range, 8 to 17) and 12 days (interquartile
range, 7 to 21), respectively. Prespecified sub-
group analyses of the composite primary outcome
and its components are shown in Figure 2A and
Figures S3 and S4. An additional prespecified
subgroup analysis of the risk of severe necrotiz-
ing enterocolitis (Bell’s stage >II) according to
the diameter of the PDA at randomization is
shown in Figure 2B.

SAFETY

Two unforeseeable serious adverse events oc-
curred that were assessed as possibly related to
ibuprofen; one of these events was classified as
a suspected unexpected serious adverse reaction
(Table S15). An additional four unforeseeable
serious adverse events that were assessed as not
related to ibuprofen occurred in the ibuprofen
group. Two unforeseeable serious adverse events
occurred in the placebo group, both of which
were assessed as not related to placebo. Foresee-
able serious adverse events were reportable dur-
ing the period between the first dose of ibupro-
fen or placebo and 7 days after the last dose
(Table S14).

DISCUSSION

In this double-blind, randomized, placebo-con-
trolled trial involving extremely preterm infants
with a large PDA, we found no evidence that
early treatment with ibuprofen was associated with
a lower incidence of death or moderate or severe
bronchopulmonary dysplasia at 36 weeks of post-
menstrual age than placebo. There was no sig-
nificant between-group difference in either the
risk of death or the risk of moderate or severe
bronchopulmonary dysplasia.

Our results are broadly consistent with those
of other studies of early targeted treatment of
PDA with ibuprofen that have not shown a con-
vincing benefit with respect to clinical out-
comes.'>!¥2! Although these studies have shown
a reduced risk of pulmonary hemorrhage and
patient symptoms attributable to the PDA, inter-
vention with ibuprofen was not shown to be as-
sociated with a reduction in the incidence of
bronchopulmonary dysplasia, death, or neuro-
disability.!8*

Approximately half the infants we enrolled
were born at less than 26 weeks’ gestation, the
cohort at greatest risk for a hemodynamically
significant PDA. We enrolled infants who had a
large PDA as determined on the basis of a com-
bination of echocardiographic measures, includ-
ing the diameter of the PDA and ductal flow
characteristics.”>* The incidence of death or mod-
erate or severe bronchopulmonary dysplasia in
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our trial was high but was similar to that in
other randomized trials of early pharmacologic
treatment of PDA.181921

A single early course of ibuprofen resulted in
a closed or small PDA (confirmed by echocar-
diography at 3 weeks of age) in only 55.5% of
infants who were assigned to receive ibuprofen.
Although previous studies have reported variable
closure rates with early intravenous ibuprofen
therapy,* our findings are consistent with recent
trials involving similar patient populations.'®21%
Variation in the rate of PDA closure among stud-
ies is likely to be caused by differences in the
timing of the intervention, an open-label study
design, the route of administration of the ibu-
profen, and the dosing regimen used.** Intrave-
nous ibuprofen administered within a standard
dosing regimen was chosen as the intervention
in our trial because higher doses are usually used
only when an infant is 7 days of age or older, and
it was the most common treatment schedule for
infants with a PDA in the United Kingdom at the
time the trial was designed.” Similarly, most
units did not routinely repeat echocardiographic
assessment after ibuprofen therapy with the in-
tention of offering a second course if the PDA
remained patent.

Open-label medical therapy for a symptom-
atic PDA appeared to be less common in this
trial than in other, similar trials?® and occurred
almost twice as frequently in the placebo group
as in the ibuprofen group. Although a recent
noninferiority trial of early ibuprofen treatment
in the management of PDA showed a very low
percentage of patients (0.7%) receiving open-label
medical therapy in the expectant management
group,’ there was frequent use of acetamino-
phen as an analgesic after randomization in
both groups. Accordingly, exposure to any phar-
macologic agent with the potential for ductal
closure was approximately 25% among infants
who received expectant management, a percent-
age similar to that in our trial.

The median time from randomization to
open-label medical therapy in our trial was 11 to
12 days, well beyond the time when the infant
had received the trial intervention (up to 7 days).
This was much later than the timing of rescue
treatment in a French trial® (median of 4 days)
that overlapped with the trial intervention. The

low percentage of infants with effective closure
in the ibuprofen group in our trial combined
with the relatively late timing of open-label
medical therapy suggests that a large percentage
of treated infants may have been exposed to the
potentially damaging effects of the ductal shunt
for a prolonged period. Combined with the rela-
tively high percentage of patients in the placebo
group who received open-label therapy (29.8%),
this resulted in poor discrimination between the
two groups with respect to ductal patency
(55.5% vs. 37.0%) and probably also in prolonged
exposure to a ductal shunt. The absence of data
from serial echocardiograms precludes detailed
analysis and limits interpretation of the effect of
shunt duration on outcomes in the two groups.
Nevertheless, one might reasonably conclude that
the early, echocardiography-targeted course of
ibuprofen used in our trial resulted in a percent-
age of infants with PDA closure or constriction
that was 18 percentage points higher than that
obtained with placebo, without affecting clinical
outcomes.

We found no evidence that ibuprofen resulted
in excess serious complications. Unlike Hunds-
cheid et al. in the BeNeDuctus trial,” we did not
identify an association between ibuprofen thera-
py and bronchopulmonary dysplasia, a finding
that might be explained by differences in the
trial populations or drug exposure. Whereas most
of the infants enrolled in our trial were receiving
invasive ventilation, the BeNeDuctus trial mostly
enrolled infants who were receiving noninvasive
respiratory support. Another important differ-
ence was the use of repeated courses (often with
high doses) of ibuprofen in the BeNeDuctus trial.
Early exposure to high cumulative doses of ibu-
profen in infants with a relatively low baseline
risk of bronchopulmonary dysplasia, as in that
trial, may be detrimental.

Our trial has limitations. In spite of strict crite-
ria to restrict its use, open-label therapy was re-
ceived by 29.8% of the infants in the placebo
group, the likely effect of which would have been
to increase the percentage of infants with PDA
closure in this group and make it more difficult to
identify between-group differences in clinical out-
comes. We did not meet our enrollment goal of 730
patients, in part because of drug nonavailability,
changes in clinical practice, competing trials, and
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the effect of the coronavirus disease 2019 pan-
demic. Although early assessment and randomiza-
tion were encouraged, the first dose of ibuprofen
or placebo was administered at a median of 61
hours after birth, which was later than in other,
similar trials.’®? Trial entry was permitted up to
72 hours after birth to allow a pragmatic approach
to enrollment and to ensure the availability of an
echocardiographic assessment. However, it is pos-
sible that earlier intervention would have achieved
more effective ductal closure.**

Among extremely preterm infants with a
large PDA, we found no evidence that early treat-

ment with ibuprofen was associated with a lower
risk of death or moderate or severe bronchopul-
monary dysplasia than placebo at 36 weeks of
postmenstrual age.
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