
PDA- Evidence against 

Pharmacological treatment of PDA



• PDA TOLERATE Trial

• Sung et al , RCT (effect of nonintervention vs

oral ibuprofen in PDA)

• BeNeDuctus trial

• Cochrane review 2020 

• Baby OSCAR trial



Hypothesis- Routine treatment of a moderate to-large PDA that was 

likely to persist for several weeks would reduce neonatal morbidity 

compared with a conservative approach that delayed treatment until 

prespecified respiratory and hemodynamic “rescue” criteria were met.



Methods

• RCT - conducted between January 2014 and June 2017 
at 17 international sites.

• Infants were eligible for the study if they met all 3 of 
the following conditions

(1) Age 6-14 days if delivered between weeks 230/7 and 
256/7 or 8-14days if delivered between weeks 260/7 and 
276/7

(2) moderate-to-large PDA

(3) Receipt of greater than minimal respiratory support, 
defined as positive pressure ventilation, CPAP ,or 
HFNC with flow rate >2 L/minute and FiO2 >0.25.

Moderate-to-large PDA was defined as an internal ductus

diameter ≥1.5 mm (or a PDA:left pulmonary artery 

diameter ≥0.5) and 1 or more of the following

(1) left atrium-to aortic root ratio ≥ 1.6

(2) ductus flow velocity ≤ 2.5 m/second or mean pressure 

gradient across the ductus ≤8 mmHg

(3) left pulmonary artery diastolic flow velocity > 0.2 

m/second.

(4) reversed diastolic flow in the descending aorta.



Exclusion criteria

• Infants were excluded from participation if they 
had received previous treatment with 
indomethacin or ibuprofen.

• Chromosomal anomaly

• Congenital or acquired gastrointestinal anomaly.

• Previous episodes of necrotizing enterocolitis
(NEC) or intestinal perforation 

• Contraindications to the use of indomethacin or 
ibuprofen.



• Randomization was stratified by gestational age 

(230/7 - 256/7 or260/7-276/7)

• Early routine treatment (ERT) group received 

either indomethacin, ibuprofen, or 

acetaminophen (with indomethacin backup if the 

PDA failed to constrict after the initial treatment).

• After completing the initial treatment, infants 

were followed to determine if they met eligibility 

criteria for“rescue”treatment. 



• Conservative treatment(CT) group did not 

receive any initial pharmacologic treatments to 

close the PDA.

• Both groups- Repeat Echo at 7-10 days after 

randomization. 

• Persistent moderate to large PDA after the 1st

week were followed with frequent ( every 1 to 

2 weeks) Echo.





• CT group with a persistent PDA after 7 days were eligible for rescue drug 
treatment if they met 1 or more of the following criteria:

(1) inotrope-dependent hypotension that required continuous dopamine 
support for at least 3 days

(2) Oliguria that persisted for at least 2 days

(3) Requirement for gavage feedings beyond 35 weeks postmenstrual age 
owing to increased work of breathing

(4) Requirement for respiratory support at the following postnatal ages when 
surpassing specific minimal ventilation and FiO2 requirements: 

• >15 days if still requiring intubation and FiO2 >0.30,

• >20 days if still requiring intubation and FiO2 ≤0.30 or still requiring 
nasal CPAP or nasal ventilation and FiO2>0.30),

• >30days if still requiring nasal CPAP or nasal ventilation and FiO2 0.25-
0.30, and 

• >45 days if still requiring nasal CPAP or nasal ventilation and FiO2 <0.25

OUTCOME

Primary outcome - the need for ligation or need 

for PDA cardiology follow-up after discharge.

Secondary outcomes- serious neonatal 

morbidities (NEC, BPD, death, BPD/death).















Conclusion

• In preterm infants <28 weeks with moderate-

to-large PDAs who were receiving respiratory 

support after the first week, ERT did not 

reduce PDA ligations or the presence of a PDA 

at discharge and did not improve any of the 

prespecified secondary outcomes, but delayed 

full feeding and was associated with higher 

rates of late-onset sepsis and death in infants 

born at ≥ 26 weeks of gestation.



OBJECTIVE- To determine the non-inferiority of non 

intervention vs oral  ibuprofen treatment for PDA in 

decreasing BPD incidence or death in very preterm 

infants. 

Study design- single-center, randomized, double-blind, 

placebo-controlled, noninferiority, Randomized trial.



• Study- July24, 2014 - March 15, 2019, at the 
NICU of Samsung Medical Center, Seoul, Korea.

Inclusion-

• GA 23 to 30 wks.

• The infants required respiratory support, 
including high-flow nasal cannula, nasal 
continuous positive airway pressure, or 
mechanical ventilation, with hemodynamically
significant PDA diagnosed at postnatal days 6 to 
14.

Hemodynamically significant PDA was defined as 

ductal size greater than 1.5mm with predominant left to 

right shunt, Echo performed during post-natal days 6 

and 14.



Exclusion criteria –

• congenital heart disease

• life-threatening congenital anomalies 

• Predominant right to left shunt through PDA

• Severe IVH (grade ≥ III)

• Contraindications to oral ibuprofen treatment, including 
life threatening infection, bleeding 
tendency,thrombocytopenia with platelet count less 
than 50×103/μL, serum creatinine level greater than 2.0 
mg/dL and  NEC stage IIb or greater



• Randomization stratified according to GA 

(23weeks+0days to 26weeks+6days) and 

27weeks+0days to 30weeks+6days).

Treatment arm- oral ibuprofen was administered via gavage tube 

within 24 hours after randomization. The initial dose of 10mg/kg 

was followed by a 5-mg/kg dose after 24 hours and a second 5-

mg/kg dose after 48hours.

Nonintervention group- Normal saline with the same volume and 

schedule as used with ibuprofen was given as a placebo

The parents, hospital and research staff, and medical personnel 

directly involved in patient care were all blinded to group allocation 

throughout the study.



• Concomitant Treatment- Judicious fluid 
restriction with diuretics administered as needed 
was maintained for the first 2months of life.

• Need for backup rescue treatment with an 
additional cycle of ibuprofen or surgical ligation 
was decided by the attending neonatologist when 
the conditions of preterm infants with 
hemodynamically significant PDA deteriorated 
clinically. 

Backup rescue treatment was considered when the condition was

refractory to conservative management, including fluid

restriction, use of diuretics and ionotropic drugs and modest

increase in mean and end expiratory ventilator airway pressure to

reduce pulmonary blood flow.



• Ductal patency was monitored by follow-up 

serial echocardiographic scanning that was 

repeated regularly at 1, 2, and 4weeks after 

randomization, at 36weeks of GA, and at or 

after discharge until PDA closure.

OUTCOME

Primary outcome- Primary outcome measures included BPD 

incidence or death

Secondary outcome-

BPD incidence

Death before discharge,

Severe IVH (grade≥III)

Retinopathy of prematurity (stage≥3)

NEC (stage≥IIb)

Gastrointestinal surgery

Nosocomial sepsis confirmed on blood culture results.



• Statistical Analysis- per-protocol analysis was 

performed; therefore, only infants who 

completed the intervention (all 3doses of oral 

ibuprofen or normal saline) were included in 

analysis.

• Non- inferiority  margin- 20%.









• Conclusion- Non-intervention  showed 

noninferiority compared with ibuprofen treatment 

in closing of hemodynamically significant PDA 

and reduction of BPD or death.

The non inferiority of non intervention over 

ibuprofen might be attributable to the low efficacy 

of oral ibuprofen for closing PDA, especially in 

infants born at 23 to 26weeks gestation. 



Research Question

Whether an expectant management is noninferior to early 

ibuprofen treatment for PDA in preterm infants with respect to 

necrotizing enterocolitis, moderate-to-severe bronchopulmonary

dysplasia, or death as assessed at a postmenstrual age of 36 

weeks.



• International, multicenter, randomized controlled, 
noninferiority trial conducted at 17 neonatal intensive 
care units in the Netherlands, Belgium, and Denmark.

Inclusion-

• Infants with extremely premature birth (gestational age, 
<28 weeks) who had echocardiographically confirmed 
PDA with a diameter of more than 1.5 mm at the 
smallest point and 

• who had a transductal left-to-right shunt between 24 
and 72 hours postnatal age.

Exclusion criteria

•Contraindications to the administration of ibuprofen 

•Use of a cyclooxygenase inhibitor before randomization

•Persistent pulmonary hypertension (defined as a transductal

right-to-left shunt during ≥33% of the cardiac cycle) 

•Congenital heart defect (other than PDA or patent foramen 

ovale)

•Life threatening congenital defect  

•chromosomal abnormality, or a congenital anomaly that was 

associated with an abnormal neurodevelopmental outcome.



• Stratified according to  gestational age (<26 
weeks or ≥26 weeks).

Intervention-

• In the expectant-management group, no 
treatment was initiated with the intention of 
closing the PDA.

• Open-label pharmacologic treatment could be 
considered only if prespecified criteria had been 
met for clinical and echocardiographic findings of 
cardiovascular failure associated with a clinically 
significant left-to-right shunt.





In the early-ibuprofen group 

• Ibuprofen was administered within 3 hours after 
randomization 

• After complete course of ibuprofen, echo was 
performed at least 12 hours after the last dose

• If closure was not achieved, 2nd dose ibuprofen 
course was given

• If still not achieved then either 3rd dose or ductal
ligation was done



• Non-inferiority margin 10%.

• Trial enrollment ended on December 15, 2020, 
before the anticipated sample size (564) had 
been reached after the randomization of 273 
patients (48.4% of the powered sample size), 
owing to the discontinuation of funding and 
slower-than-anticipated recruitment.

• Intention to treat and per protocol analysis was 
done

Outcome

Primary outcome- composite of necrotizing enterocolitis (defined 

as Bell’s stage IIa or higher), moderate-to-severe 

bronchopulmonary dysplasia, or death as assessed at a 

postmenstrual age of 36 weeks.







PRIMARY OUTCOME





CONCLUSION

Expectant management for PDA in extremely premature infants was 

noninferior to early ibuprofen treatment with respect to necrotizing 

enterocolitis, bronchopulmonary dysplasia, or death at 36 weeks’ 

postmenstrual age



PDA TOLERATE Trial
(n=202)

Sung et al, RCT
(n=146)

BeNeDuctus Trial
(n= 273)

GA< 28 weeks, 6-14 days and 8-14, with 
moderate to large PDA with receipt of greater 
than minimal repiratory support

GA < 30 wk, 6 – 14 days with hs PDA 
with requirement of any respiratory 
support

GA< 28 wk, 24 hour to 72 hour 
postnatal age with 
echocardiographically confirmed PDA

Echo- PDA ≥ 1.5 mm or PDA: Left PA diameter 
≥ 0.5 mm and 1 or more of following
1. LA:Ao ≥ 1.6 mm, 
2. Ductus flow velocity ≤2.5 m/s
3. LPA diastolic flow velocity≥ 0.2 m/s, 
4. Reverse diastolic flow in descending 

aorta

Echo- ductal size greater than 1.5 mm 
with predominant left to right shunt.

Echo- PDA diameter more than 1.5 mm 
at smallest point and who had 
transductal left to right shunt. 

Rescue cirteria- 1 or more of following
1. Ionotropes dependent 

hypotension
2. Oliguria tha persists for at least 2 

days
3. Requirement of gavange feeding 

beyond 35 wk pMA
4. Requirement of respiratory 

support

48% received rescue treatment in CT 
group.

Rescue criteria- Backup rescue 
treatment was considered when the 
condition was refractory to 
conservative management, including 
fluid restriction, use of diuretics and 
ionotropic drugs and modest increase 
in mean and end expiratory ventilator 
airway pressure to reduce pulmonary 
blood flow.

None (0%) received backup rescue 
treatment in CT group.

Rescue criteria- exclusion of other 
causes of cardiovascular failure(e.g
sepsis) AND
1. Clinical findings of cardiovascular 

failure- signs of systemic 
hypoperfusion AND signs of 
pulmonary hyperperfusion AND

2. Echo findings of significant left to 
right shunt AND

3. Severe left ventricular failure AND
4. Disturbed end organ perfusion

0.7 %received backup rescue 
treatment in CT group.(25% received 
Paracetamol as cointervention)



Objectives - To assess the effectiveness and safety of 

early treatment strategies versus expectant management 

for an hs-PDA in reducing mortality and morbidity in 

preterm infants.



Review question

• Does early treatment (initiated within the first 

seven days after birth) or very early treatment 

(initiated within the first 72 hours after birth) 

of a symptomatic patent ductus arteriosus

(PDA) with nonsteroidal anti-inflammatory 

drugs (NSAIDs) compared to expectant 

management (without use of NSAIDs) 

improve outcomes in preterm infants? 

Inclusion criteria

RCTs in which early pharmacological treatment, defined 

as treatment initiated within the first seven days after 

birth, was compared to no intervention, placebo or other 

non-pharmacological expectant management strategies for 

treatment of an hs-PDA in preterm (< 37 weeks’ 

postmenstrual age) or low birth weight (< 2500 grams) 

infants, diagnosed clinically or via echocardiography (or 

both) in the first seven days of life. 



• A hemodynamically significant PDA was defined clinically by the presence of a 

precordial murmur along with one or more of the following signs: hyperdynamic

precordial impulse, tachycardia, bounding pulses, widened pulse pressure, 

worsening respiratory status, hypotension, or cardiac failure.

• Echocardiographically by a moderate-to-large transductal diameter (PDA diameter 

greater than 1.5 mm with or without unrestrictive pulsatile flow, i.e. maximum 

systolic shunt velocity less than 2 m/second) with or without 

1. evidence of pulmonary over circulation (left atrium to aortic root ratio greater 

than 1.5    or

2. isovolumetric relaxation time less than 55 m seconds or 

3. E:A ratio of 1.0 or greater or left ventricular output greater than 300 mL/kg/ 

minute or

4. diastolic disturbance in the main pulmonary artery) with or without evidence of 

systemic hypoperfusion (absent/reversed diastolic flow in the postductal

descending aorta or celiac trunk or middle cerebral artery). 



• 14 RCTs, enrolled 910 infants. Seven RCTs 
compared early treatment (defined as treatment 
initiated by seven days of age) versus 
expectant management and seven RCTs 
compared very early treatment (defined as 
treatment initiated by 72 hours of age) versus 
expectant management.

• Primary outcome- All cause mortality during 
hospital stay.





Early treatment compared to expectant 
management for preterm infants

Outcomes Risk with 
expectant 
managemnt

Risk with 
early 
managemnt

Relative 
effect(  95% 
CI)

No. of 
participant

GRADE of 
evidence

All cause
mortality

109/1000 87/1000 RR 0.80(0.46-
1.39)

500(6 RCT) Moderate

surgical 
ligation or 
transcatheter
occlusion

145/I000 156/1000 RR 1.08(0.65-
I.80)

432( 4 RCT) Very low

Chronic lung 
disease

263/1,000 237/1,000 RR 0.90 (0.62
-I.29)

339 (4 RCT) Moderate

Severe IVH ( 
grade III and 
IV)

95/I000 79/I000 RR 0.83 (0.32-
2.I6)

I7I (2 RCT) Low

NEC stage II or 
greater

29/I000 68/I000 RR 2.34 (0.86-
6.4I)

473 (5 RCT) Low





Very Early treatment compared to expectant 
management for preterm infants

Outcomes Risk with 
expectant 
managemnt

Risk with 
very early 
managemnt

Relative 
effect(  95% 
CI)

No. of 
participant

GRADE of 
evidence

All cause
mortality

168/1000 158/1000 RR 
0.94(0.58-
1.53)

384(7 RCT) Moderate

surgical 
ligation or 
transcathete
r occlusion

60/I000 53/I000 RR 
0.88(0.36-
2.I7)

293( 5 RCT) Moderate

Chronic lung 
disease

378/1,000 3I3/1,000 RR 0.83 
(0.63-I.08)

384 (7 RCT) Low

Severe IVH ( 
grade III and 
IV)

66/I000 42/I000 RR 0.64
(0.2I-I.93)

240 (4 RCT) Moderate

NEC stage II 
or greater

83/I000 89/I000 RR I.08 
(0.53- 2.2I)

332 (5 RCT) Moderate

Conclusion

Early or very early pharmacotherapeutic treatment of an 

hs-PDA probably does not reduce mortality in preterm 

infants (moderate-certainty evidence).



Thank you!



• Question 1- What should be our screening 

protocol for PDA. In which set of patient we 

should screen for PDA?

• Question 2- What should be the timing of 

screening for PDA?

• Question 3- When should we go for 

pharmacological closure of PDA? Echo and 

clinical Parameters?



1. Preterm less than 28 weeks, who are 

ventilator dependent even after PNA 7 days 

and who have clinical findings such as 

increased requirement of respiratory support, 

bounding pulses, wide pulse pressure, shock 

acidosis, oliguria that is not otherwise 

explained.

2. Timing of Echo- After 7-10 days.



Pharmacological closure

1. Clinical findings of significant PDA such as 
increased requirement of respiratory support e.g., 
FiO2> 40%, hypoperfusion need for ionotropes, 
acidosis, oliguria that is not otherwise explained, 
bounding pulses, wide pulse pressure  

AND

2. ECHO- PDA > 2mm or PDA:LPA > 1 with, 
Diastolic flow reversal in descending aorta, Flow 
velocity < 2.5 m/sec,  mean pressure gradient < 8 
mmHg, LA:Ao >1.6





Journal Club- Baby OSCAR trial

Presenter- Dr Sachin

DrNB 3rd year resident

Sir Gangaram Hospital, New Delhi



baby-OSCAR trial: Outcome after Selective early treatment for Closure of patent ductus
ARteriosus in preterm babies.



Background

• Survival among extremely preterm infants has 

increased. 

• Presence of a large patent ductus arteriosus

(PDA) in extremely preterm infants -

associated with higher mortality and 

morbidities.



Background

Treatment strategies-

• Prophylactic treatment - within 24 h of birth

• Early symptomatic treatment- usually 3–7 days 

after birth

• late symptomatic treatment- after one week of 

age



• Prophylactic treatment - unnecessarily expose 

to potentially serious side effects.

• However, delaying treatment until babies 

become symptomatic could result in loss of 

treatment benefit as irreversible damage may 

have already been done.



• Functional echocardiography- infants can be 
screened to identify 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 treatment of all patients with 
PDAs.



Hypothesis

• Among patients with a PDA of 1.5 mm or 

larger in diameter with unrestricted 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 extent than placebo. 



Trial design

• Multicenter, double-blind, randomized, 

placebo-controlled trial

• 32 neonatal intensive care units in the United 

Kingdom.

• July 2015-December 2020

• 653 infants underwent randomization



Inclusion Criteria

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 concerns for 
acute pulmonary hypertension

A large PDA was defined as a PDA with a diameter of at least 
1.5 mm and unrestricted transductal pulsatile (left-to-right 
shunting) flow



Exclusion criteria

• Severe congenital anomaly 

• Clinical or echocardiography suspicion of 
congenital structural heart disease that 
contraindicates treatment with ibuprofen 

• Other conditions that would contraindicate the use 
of ibuprofen (active bleeding especially 
intracranial or gastrointestinal bleeding, 
coagulopathy, thrombocytopenia (platelet count < 
50,000), renal failure, life threatening infection, 
pulmonary hypertension, known or suspected 
necrotising enterocolitis (NEC). 



Randomization and Interventions

• Randomization was performed with a secure 

Web-based system with 24/7 telephone backup 

ensuring concealment of the group 

assignments. 

• The trial intervention was ibuprofen sodium, 

and the matched placebo was a clear sterile 

solution of 0.9% sodium chloride.



Interventions

• Ibuprofen was administered parenterally as a 

loading dose of 10 mg per kilogram of body 

weight, followed by two doses of 5 mg per 

kilogram at least 24 hours apart. 

• Placebo was administered as an equal volume 

of 0.9% sodium chloride.

• Only one course of ibuprofen or placebo was 

given.



Echo

• 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.



Open label treatment

• Consider open label (Rescue) treatment, both 
clinical AND echocardiographic criteria are met

1. Clinical findings of inability to wean on 
ventilator (ventilated for at least 7 days 
continuously) AND inability to wean oxygen OR 
Persistent hypotension and/or pulmonary 
haemorrhage and/or signs of cardiac failure 

2. Echocardiographic findings of a large PDA 
(PDA ≥ 2.0 mm with pulsatile flow) 

AND Hyperdynamic circulation and/or ductal
steal



Outcomes

• Primary outcome was a composite of death or 

moderate or severe bronchopulmonary

dysplasia assessed at 36 weeks of 

postmenstrual age.



Outcomes

Secondary short-term outcomes up to the time of discharge included 
• Individual components of the primary outcome
• the severity of bronchopulmonary dysplasia
• severe intraventricular hemorrhage
• cystic periventricular leukomalacia
• retinopathy of prematurity requiring treatment
• clinically significant pulmonary hemorrhage
• acute pulmonary hypertension
• definitive necrotizing enterocolitis
• 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 causing symptoms
• weight gain, and discharge home while receiving supplemental oxygen





Sample size

• The incidence of the primary outcome was 
predicted to be 60% in the placebo group.

• A sample of 730 infants was calculated - 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 
infants would be lost to follow-up.

• Analyses were performed according to the 
intention-to-treat principle.











Open label treatment
•A total of 43 infants (13.3%) in the ibuprofen group and 82 (25.5%) in the placebo group
received open-label medical treatment for symptoms attributable to a PDA.

•The percentage of infants who received any open-label treatment (for any indication), 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 (interquartile
range, 8 to 17) and 12 days (interquartile range, 7 to 21), respectively.









Limitation

• Open-label therapy in 29.8% in the placebo 

group: difficult to identify between-group 

differences in clinical outcomes



Conclusion

• Among extremely preterm infants with a large 

PDA, they found no evidence that early 

treatment with ibuprofen was associated with a 

lower risk of death or moderate or severe 

bronchopulmonary dysplasia than placebo at 

36 weeks of postmenstrual age.


