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What is Your 
Practice?



Do you 
perform 
screening 
echos for PDA 
in an ELBW 
infant?

Within 24-48 hours of birth

Within 7 days of birth

Within 10-14 days of birth

Only if I hear a murmur

I never routinely screen for PDA



DOL 20, 25wk 
infant w/ a 
large hsPDA 
remains on 
vent, would 
you treat and 
if so, how?

indomethacin

ibuprofen

acetaminophen

PDA coil closure

Conservative (expectant) management



If previous 
patient’s PDA 
fails to close 
with medical 
treatment, 
would you 
consider coil 
closure in 
cath lab?

Yes

No



Do you worry 
about adverse 
consequences 
from a 
persistent large 
L>R shunt from 
a hsPDA?

Yes

No



• One of most studied topics 
in neonatology

• PubMed literature search 
April 2025 cited 14558 
articles, 230 systemic 
reviews and 332 RCTs (58 in 
the past 5 years alone)

The PDA…



History
Galen (2nd century AD): First described the ductus arteriosus anatomically

Morgagni (18th century): Described pathological PDA

Dr. Robert E. Gross (1938): First to surgically close a PDA



• Functionally closes in most term newborns in 3-4 days
• Common delay in closing for premature infants, risk 

increases with lower GA and BW

• Acute concerns related to “ductal steal”, diverting blood 
flow from systemic circulation altering end-organ 
perfusion

• Chronic concerns related to “long-term exposure” to an 
ongoing systemic to pulmonary shunt 

PDA Physiology



PDA Significance

• Historically the presence of a PDA has been 
associated with numerous morbidities including BPD, 
NEC, IVH, PVL, ND impairment/death and these 
associations often lead many clinicians to treat a PDA 

• Multiple RCTs of early PDA treatment, however, 
have failed to demonstrate significant reductions in 
clinically important outcomes



Why have studies failed to provide a definitive answer?

• Many Confounders

• Unable to reach sample size in several large RCTs

• Open label treatment in almost all trials coupled with high 
rate of treatment failure 

>> true difference between arms likely only 25-50%

• Poor definition of a “hemodynamically significant” PDA

• Unsure when to treat and what treatment should be
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AAP Statement Recommendations

• Prophylactic medical interventions (not guided by knowledge of 
PDA status) are not recommended

• Very early (<72 hours) or early (<7 to 14 days) treatment 
(regardless of hemodynamic significance) does not improve 
outcomes and is not recommended

• Conservative management may let infants avoid medical therapy 
or procedural exposure, allowing spontaneous delayed closure 
without risk of increased adverse outcomes

PEDIATRICS Volume 155, Issue 5, May 2025:e2025071425



Cochrane Database of Systematic Reviews 2023, Issue 4. Art. No.: CD013588

• 16 Cochrane Reviews, 
corresponding to 138 
randomized clinical trials 
(RCT)

• 11,856 preterm infants 
• 9 specific for 

symptomatic treatment 
to medical and surgical 
interventions



Mitra S, Cochrane Database of Systematic Reviews 2023

• All meds effective in closing 
PDA vs. no treatment 

o Indomethacin: RR 0.30, 95% CI 0.23 
to 0.38; high-certainty evidence

o Ibuprofen: RR 0.62, 95% CI 0.44 to 
0.86; moderate-certainty evidence

✓Oral more effective vs. IV (RR 
0.38, 95% CI 0.26 to 0.56) 

✓High-dose more effective vs. 
standard-dose (RR 0.37, 95% CI 
0.22 to 0.61)

o Acetaminophen: RR 0.35, 95% CI 
0.23 to 0.53; low-certainty evidence

• No evidence on the effect 
of treatment on composite 
outcome of death,  
neurodevelopmental 
disability OR CLD



PDA Tolerate Trial 
200 babies, < 28 weeks (mean, 25.8 +/- 1.1 weeks)

• Stratified by 23-25 weeks, 26-28 weeks and by center

Randomized between DOL 6 thru 14, 50% intubated

Outcomes

• Primary: need for PDA ligation
• Secondary: multiple including BPD, NEC and Death

Moderate to large PDA shunts> specific defined criteria

Rx per center with indomethacin, ibuprofen or 
acetaminophen

J Pediatr. 2019 Feb;205:41-48.e6

Findings:
• No difference in 

outcomes
• Lots of ”rescue 

treatment”
• Secondary analysis 

found those babies 
vent > 10 days had 
less severe BPD



BeneDuctus Trial- Expectant management or 
Early Ibuprofen for PDA

Multicenter, noninferiority 
trial 263 babies, < 28 weeks median GA 26 weeks, BW 

845 g

hsPDA (diameter, >1.5 
mm, with left-to-right 

shunting)

Treatment between 24 
and 72 hours

Low dose ibuprofen vs 
expectant mgt

Outcome: composite 
primary outcome 

included NEC, moderate 
to severe BPD, or death 

at 36 weeks PMA

N Engl J Med. 2023 Mar 16;388(11):980-990



N Engl J Med. 2023 Mar 16;388(11):980-990



Baby OSCAR- Trial early treatment with ibuprofen 

Similar to BeneDuctus 
trial

Double-blind placebo 
RCT in UK

600+ babies, 23-29 
weeks 

hsPDA = diameter of 
≥1.5 mm with pulsatile 

flow

Early treatment w/ 
ibuprofen (low dose), 

<72 hours

Outcome: composite 
of death or moderate 
or severe BPD at 36 

weeks PMA

N Engl J Med. 2024 Jan 25;390(4):314-325



N Engl J Med. 2024 Jan 25;390(4):314-325



Gupta S and Donn S, Sem in Fetal and Neonatal Medicine 29 (2024)



Mortality with Early Treatment NSAIDs

Benitz, J of Perinatology (2024) 44:1534–1537



Benitz W- J Perinatology 2024

“Given the evidence that early (at or 
before 14 days of age) treatment with 

indomethacin or ibuprofen may result in 
increased mortality and possibly other 

long-term adverse outcomes, provision 
of early treatment as a component of 
standard neonatal care can no longer 

be recommended except under 
exceptional circumstances”

“Consideration of this information 
regarding adverse effects of NSAIDs 
may lead health care providers and 
parents to prefer alternative novel 
regimens (e.g., acetaminophen, 

transcatheter occlusion) for which 
evidence of adverse impacts is (so far) 

lacking”



E Jensen, PEDIATRICS 154:2, August 2024

• NRN Network: 2016-2020
• 22 to 28 weeks’ gestation, 401 to 1000 g

• 1921 infants, 627 (32.6%) received acetaminophen 

• Primary Outcome Death or Grade 2 or 3 BPD at 36 

weeks PMA

 

• Acetaminophen associated w/ increased risk 

of predischarge mortality (13.3% vs 10.0%) 

when adjusting for perinatal and early 

postnatal factors (aRR 1.42, 95% CI 1.02–
1.93), but not seen in exploratory analyses 

that included later postnatal factors (aRR 

1.28, 95% CI 0.91–1.82)



Summary Prophylactic/Early PDA Treatment

Increased closure of 
PDA and reduced 

risk for PDA ligation

No differences in 
long-term outcomes

Ibuprofen trend 
toward increased 

BPD and increased 
mortality

Efficacy and safety 
of Acetaminophen 
needs to be further 

studied 

Insufficient data on 
22-24 weeks



What about 
PDA 
treatment 
after >7-14 
days?



AAP Statement Recommendations

• There is insufficient data for recommendations on 
management of hsPDA beyond 2 weeks of age

o Benefits/risks of watchful expectancy with close monitoring, medical or 
transcatheter closure, or surgical ligation have not been adequately 
defined 

o If hsPDA persists beyond 2 weeks of age despite pharmacologic 
therapy of up to 2 courses (or if medical therapy is contraindicated), such 
infants may be considered for either transcatheter closure or surgical 
ligation

PEDIATRICS Volume 155, Issue 5, May 2025:e2025071425



What About 
Expectant 
Management?



Semberova J. PEDIATRICS Volume 140, number 2, 2017

**Median time to ductal closure babies <26 weeks 71 days

• Retrospective cohort study 

conducted in 2 European 

level-3 NICUs

• 368 eligible >> 280 

received no treatment and 

truly conservative mgt

• 85% closed prior to 

hospital discharge



Unanswered Questions with No Treatment

Several studies over the past decade suggest this approach is safe, 
but all retrospective data often with confounding factors

Concern for prolonged exposure to moderate-large L>R shunt 
adversely effecting lung function, heart remodeling, pulmonary 
hypertension and ND impairment

Literature doesn’t address question of which infants may benefit 
from a selective strategy only treating those with a true hsPDA 



Is there a risk to 
prolonged 
exposure to a 
moderate to 
large PDA?



• Observational study single center 
infants born 501 to 1500 g in two 
distinct epochs.

• Era 1 (January 2005 to Dec 2007) 
• Era 2 (January 2008 to June 2009)
• Conservative mgt reasonable 

strategy but increased CLD or 
mortality after 7d 



More targeted approach to defining hsPDA may be more predictive



Secondary Analysis: PDA-TOLERATE: J Peds 2021;229:283-88

• Prolonged PDA exposure (>11 days) associated with an increased 
risk of BPD when intubated >10 days





Triocapi Trial



** From 2012 to 2021, temporal decreases in PDA treatment for infants 
26-28 weeks were associated with an increase in grade 2-3 BPD





American J of Respiratory and Critical Care: 207 No. 7 | 2023

• 22-28 wks GA, 2017-2020, retrospective case-control study

• PDA (aOR, 4.29; 95% CI, 1.89–9.77) and moderate to large PDA (aOR, 

4.15; 95% CI, 1.78–9.64) significantly related to BPD-PH at discharge

* BPD-PH at discharge or death with coefficients of 

0.40 (p< 0.001) and 0.45 (p < 0.001), respectively



Existing Knowledge Gaps



Defining the hsPDA… • A hsPDA infrequent ≥ 28 weeks 
(especially without RDS)

• In babies ≤ 26-28 weeks:
20-30% of PDA's close by 2-3 weeks 
of age
40-50% remain open (and maybe 
significant on echocardiogram, but are 
clinically irrelevant)
<5-10% may cause long-term issues

• Increased risk of neonatal 
morbidities is only associated w/ 
moderate-to-large high-volume 
shunt (not with small, low volume 
shunt)



Defining a hemodynamically significant PDA?

* Slide courtesy Phil Levy



PDA Scoring Systems



Def
EL-Khuffash A J Pediatr 2015;167:1354-61

ining hsPDA

• AUC 0.92 (95% CI 0.86-0.97, p < .001)

• PDA score cut-off of 5: sensitivity and specificity of 92% and 87%, 

PPV and NPV of 92% and 82%, respectively



Iowa Approach



Am J of Resp and Critical Care Med: 208 Number 3 | 2023

Secondary 
Outcomes:
• Less severe Grade 3 

BPD (p<.02)
• Less NEC (p<.001)
• More overall survival 

free of severe 
morbidity (p<.001)

 



Transcatheter 
Closure







Is Device Closure Feasible and Safe in Extremely Preterm Infants? 

**TC closure offers minimally invasive option for closing hsPDA
but long-term benefits unproven to date



Catheter Cardiovasc Interv. 2020;1–11



3-year Follow Up

Conclusion:  High rates of PDA closure, low complication rate and survival 
>95% 3-years



**Institutional experience critical to success

PEDIATRICS Vol 152: No. 3; 2023:e2023061460



• PHIS Database 42 Children’s Hospitals
• 2418 VLBW infants (1182 surgical ligation; 1236 transcatheter occlusion) 
• The proportion of infants receiving transcatheter occlusion 

increased from 17% in 2016 to 84% in 2021 (p < .001). 

J Pediatr 2023;263:113712



PDA Coil



Mitra S et al. Journal of Perinatology; 2024



PIVOTAL
Percutaneous Intervention Versus Observational 

Trial of Arterial ductus in Low-weight infants



Summary
• Current evidence does not support early treatment of PDA (<7 days)
• Future research should focus on defining the neonatal population, 

including PDA characteristics, that would benefit most from 
elimination of a “hemodynamically” significant shunt

• NEED to define the safest and most effective treatment strategies 
that leads to meaningful improvement in clinical outcomes

• Interventions with high success rates such as interventional PDA coil 
closure, especially long-term outcomes, urgently need further study

• AND need to include the smallest, greatest at-risk patients in future 
studies







Questions?
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