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Introduction.  

The traditional view of preterm ductal shunting has been that the duct of the premature infant 
doesn’t constrict in the early postnatal period but, because of raised pulmonary artery pressure, the 
haemodynamic effect of this is either a negligible or a right to left shunt with resultant worsening 
hypoxia.1,2 The development of Doppler ultrasound has given us a window on the natural history of 
the preterm ductus that questions the current relevance of this thinking. 

 

Incidence and Risk Factors: 
The most important determinant of incidence of persistent patency of the ductus arteriosus (PDA) 
is low gestation. Lack of antenatal steroids and need for ventilation are also risk factors for PDA 3,4. 

The graph below shows the incidence of medical and surgical treatment for PDA according to 
gestation at birth within the New South Wales and Australian Capital Territory network of 10 tertiary 
NICUs for the years 2007 to 2011. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



2 
 

 
 

Diagnosis 
The literature on diagnosis of PDA is confused by poorly defined terminology with terms such as 
‘symptomatic’, ‘clinically apparent’ and ‘haemodynamically significant’ often used interchangeably. 
There are no standard definitions but below would be our interpretation of the meaning of these 
terms: 

‘Clinically apparent PDA’ refers to presence of physical signs consistent with a PDA such as 
murmur, active praecordium or full pulses, preferably confirmed by cardiac ultrasound.  

‘Symptomatic PDA’ implies that the PDA is having a clinical impact on the baby’s condition. This 
is really hard to define as most ‘clinical symptoms’ of a PDA are non-specific and may or may not 
relate to a concurrent PDA. Probably the respiratory and circulatory effects of a PDA are easiest to 
define and may include persistent ventilator dependence, deteriorating respiratory status, 
increasing recurrent apnoea, pulmonary haemorrhage and hypotension. Probably the most specific 
of these would be pulmonary haemorrhage,8 particularly if it occurs within the first week of life and 
is associated with a respiratory deterioration.  

‘Haemodynamically significant PDA’ refers to ultrasound findings that are consistent with a large 
shunt volume. Again there are no standard definitions but this will often be based on ductal 
diameter together with a range of indirect markers of shunt size as discussed below. 

1. Clinical diagnosis. 

Reliance on clinical signs, such as an active praecordium, full pulses or a systolic murmur, will 
eventually make the diagnosis of a PDA but only after the left to right shunt through the duct has 
been significant for some days. Blinded comparison of these clinical signs to cardiac ultrasound 
criteria of ductal haemodynamic significance (discussed below) 5, have shown it is normal for 
haemodynamically significant ducts to be clinically silent for the first 2 to 3 days of life. From day 4 
onwards, physical signs, particularly the murmur, become more accurate but some inaccuracy 
persists up to day 7 of life 6. Wide pulse pressure also does not accurately diagnose patent ducts 
in the first week of life.7 

Thus a ‘haemodynamically significant” PDA and/or ‘symptomatic’ PDA may not be ‘clinically 
apparent’ particularly in the first few postnatal days. Accurate and early diagnosis of significant 
ductal shunting depends on cardiac ultrasound. 

2. Ultrasound diagnosis.9  

Accurate diagnosis relies on cardiac ultrasound. 

• Patency can be confirmed by diastolic turbulence on Doppler in the pulmonary artery. The 
picture below shows the diastolic turbulence seen with a patent duct. This is a reasonably 
accurate method for diagnosing ductal patency with left to right shunting but tells you little 
about the haemodynamic significance. 
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• Shunt direction is demonstrated with pulsed wave and colour Doppler. There are broadly 
three direction patterns which are shown below. Pure left to right (A), bidirectional (B) and 
right to left (C). Most babies even in the early hours after birth have left to right or 
bidirectional shunt with a dominant left to right component. Predominantly right to left 
shunting is unusual. 

 

• Haemodynamic significance: In studies done within this group, the best markers of 
haemodynamic significance were colour Doppler diameter of the duct and absent or 
retrograde diastolic flow in the post-ductal aorta.10 The pictures below contrast three 
preterm ductal ultrasound assessments. (A) is closed with no ductal shunt apparent on 
colour Doppler. (B) is well constricted at less than 1.0 mm diameter. Constriction has failed 
in (C) which is over 2.0 mm in diameter and has a large left to right shunt draining blood 
from the systemic circulation.  

• These studies were done mainly within the first week of life and shunt velocities will often 
rise with age, so after 7 days it will be important to take into account the velocity of the left 
to right shunt. 
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• Another useful marker is the velocity of flow in the left pulmonary artery (LPA).11 This 

reflects the increased flow volumes into the pulmonary circulation. A mean LPA velocity of 
more than 0.42 m/sec and/or an end-diastolic LPA velocity of more than 0.2 m/sec predicts 
haemodynamic significance (approximately a Qp:Qs > 2:1) with greater than 90% 
specificity and sensitivity. 

• In the figure below, (A) shows the increase diastolic forward flow seen in the LPA and (B) 
shows the retrograde diastolic flow in the post-ductal descending aorta. Both seen in 
babies with a haemodynamically significant PDA. 

 

• We use the colour Doppler diameter of the ductus at its narrowest point (usually the 
pulmonary end) as the primary determinant of haemodynamic significance but assessment 
should include other secondary determinants. This haemodynamic impact can be broadly 
categorised based primarily on ductal diameter: 

o Large PDA: Minimum Ductal colour Doppler diameter greater that 2.0 mm with a 
predominantly left to right shunt. With a large PDA there will usually be retrograde 
diastolic flow in the post-ductal descending aorta and mean diastolic velocity in the 
left pulmonary artery of more than 0.43 m/sec or end-diastolic velocity more than 
0.2 m/sec but they should be checked as back up measures to confirm the 
accuracy of the diameter measurement. A PDA of this size will usually be 
associated with a Qp:Qs >2:1. 

o Moderate PDA: Minimum Ductal colour Doppler diameter between 1.5 and 2.0 
mm with a predominantly left to right shunt. With a moderate PDA, the measures 
in the descending aorta and left pulmonary artery will be more variable but should 
be assessed. A PDA of this size will usually be associated with a Qp:Qs >1.5:1. 

o Small PDA: Minimum Ductal colour Doppler diameter less than 1.5 mm with a 
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predominantly left to right shunt. With a small PDA, the diastolic flow in the 
descending aorta will usually be antegrade and left pulmonary artery velocities will 
be below the thresholds defined above. If this is not the case, the accuracy of the 
diameter measurement should be reviewed. 

o Closed PDA: There is no shunt within the ductus that is apparent on colour 
Doppler. 

 

The natural history of preterm ductal constriction. 

Early postnatal ductal constriction does not fail in all preterm babies, in many the constrictive 
mechanisms work very well (see pictures above). Indeed the ducts of uncomplicated preterm 
babies close in much the same time frame as term babies.12,13 But postnatal constriction does fail 
in varying degrees in a proportion of babies and these are a group of babies at high risk of several 
morbidities as will be discussed later. This early constrictive failure often persists and predicts later 
symptomatic PDA with good accuracy.8,14 A duct diameter over the median at 5 hours (1.6mm) 
predicts later symptomatic PDA with 67% specificity and 89% sensitivity.  

 

Figure: Plots Ductal diameter against gestation at 5 hours of age in 124 babies 
born before 30 weeks. The closed triangles label babies who later needed 
treatment for a clinically apparent PDA. 

The median diameter of the duct does vary with postnatal age. In the graph below, ductal diameter 
is plotted against postnatal age in hours in 417 babies with an average gestational age of 26 
weeks. The regression line shows the impact of postnatal age on diameter. 
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Duct flow patterns and prediction of closure: Su et al15 described four different flow 
patterns in PDA’s, pulmonary hypertension, growing, pulsatile, closing and the fifth pattern was 
closed, figure. They showed that PDA which became clinically apparent tended to progress 
through growing and pulsatile patterns whereas those that closed, bypassed these patterns and 
went straight to the closing pattern. Review of data collected in our group suggested that these 
patterns relate quite closely to ductal size but they may add value as an adjunct to the measures 
described above, particularly the closing pattern.16 

 

The natural history of preterm ductal shunting. 

In most babies where ductal constriction has failed, the direction of shunt is predominantly left to 
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right and the shunt can be of large volume even in the first few hours of life.17 These large ductal 
shunts increase pulmonary blood flows but they can also reduce systemic blood flow.  

Larger diameter ducts are significantly related to low systemic blood flow in the first 12 hours, as 
measured by right ventricular output and superior vena cava flow.17,18 Furthermore, these low flow 
states were strongly associated with morbidities, particularly intraventricular haemorrhage (IVH), 
which developed once flow had improved, suggesting a hypoperfusion-reperfusion cycle in the 
pathogenesis of IVH.17 In a similarly designed study, Groves et al also found an inverse 
relationship between lower systemic blood flow and ductal size that was significant on univariant 
analysis but not on multi-variant analysis.19 

We also showed an association between pulmonary haemorrhage, high pulmonary blood flows 
and ductal shunting. These high pulmonary blood flows were most marked close to the time of the 
haemorrhage, which was usually on day 2 of life.8 

In summary 

• Early ductal shunting is very variable but can be highly significant. 
• These shunts may have a negative effect on systemic blood flow, which is most 

marked in the early hours after birth. 
• They can also dramatically increase pulmonary blood flow, an effect that persists 

until closure. 
• These haemodynamic effects are associated with intraventricular and pulmonary 

haemorrhage.8,17 

 

Treatment 
When to treat the patent ductus arteriosus? 

There is an emerging body of opinion which proposes that preterm PDAs should only be treated if 
there are clear signs of cardiac failure or compromise that can only be explained by the presence 
of a significant PDA. This opinion is based on systematic reviews of clinical trials of different PDA 
treatment strategies which have failed to show any clear long term benefits.20,21  

There have been broadly three treatment strategies to treating the patent duct. The least 
aggressive approach is to treat only when the duct becomes clinically apparent and is thought to 
be symptomatic. The most aggressive is to give indomethacin prophylactically to all high risk 
babies. In between these two approaches are a variety of strategies for targeting treatment in the 
pre-symptomatic period.  

No one strategy has been unequivocally shown to improve long term outcomes however, as will be 
discussed below, there is evidence of improved short term outcomes for early targeted and 
prophylactic treatment.  

1. Treating clinically apparent patent ducts.  

Using this strategy, about a third of babies born before 30 weeks will need treatment. This 
is still probably the most widely used even though there is no evidence that this approach 
improves outcomes. This observation needs to be interpreted in light of the quality and 
vintage of the trials of this strategy. All the clinical trials had back up treatment options for 
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the control groups which meant many control babies were treated only shortly after the 
intervention groups.22 The National Collaborative Trial was the largest of these and this 
study did show there was no benefit in treating the duct as soon as it becomes clinically 
apparent as opposed to waiting a day or two.23 No trial has tested treating clinically 
apparent PDAs against a true control where PDA is almost never treated. 

2. Pre-symptomatic treatment.  

This approach involves using a variety of diagnostic methods, clinical and ultrasound, to 
detect ducts in the pre-symptomatic period and then treating medically at this time. The 
timing of the intervention in these trials was usually between 24 hours and day 5 of life. 
Again whether pooled or examined individually, there is little consistent evidence of 
improved outcomes.22,24 The Cochrane review showed a significant reduction in later 
symptomatic PDA and a small but statistically significant reduction in duration of 
supplemental oxygen.24 There are three more recent trials which are not included in the 
systematic review. 

Overmeire et al25 randomised babies with an ultrasonically patent duct on day 3 to 
immediate treatment with indomethacin versus placebo. All babies had a further cardiac 
ultrasound on day 7 and the duct was treated again if still patent. There was no difference 
in individual clinical outcomes but a combination of adverse short term outcomes  was 
higher in those treated on day 3. 

Aranda et al26 randomised 136 babies (<1kg and <30 weeks) to ibuprofen or placebo if 
they had an ultrasonically significant PDA within 72 hours of birth.  Babies were treated at 
an average of 1.5 days of age. Babies who received ibuprofen had a significantly better 
composite primary outcome of need for PDA rescue treatment, death or dropped (out from 
the trial), 31% vs 53%, p<0.005. There were no significant differences in the individual 
outcomes but a trend to lower rates of PVL with early ibuprofen (0% vs 6%, p=0.057). 

The DETECT trial,27 conducted at this hospital and Royal North Shore Hospital in Sydney 
and King Edward Memorial Hospital in Perth, had to be stopped early due to the lack of 
availability of indomethacin described below. This study has been submitted for 
publication. In this trial, babies born before 29 weeks had a neonatologist performed 
cardiac ultrasound within the first 12 hours of life and were randomised to indomethacin or 
placebo if the ductal diameter was above the median for that age. Babies below the 
median were not treated. Forty two babies were randomised to indomethacin and 44 to 
placebo. There was no difference in the primary outcome of death or major P/IVH or PVL. 
Babies randomised to indomethacin had significantly less need for further treatment for 
PDA (20% vs 40%, p=0.04) and clinically interesting trend to less major pulmonary 
haemorrhage (9% vs 23%, p=0.06), which was significantly different for major pulmonary 
haemorrhage occurring during the fist 72 hours. 

3. Prophylactic treatment. 

This strategy involves the administration of treatment to all high-risk infants on the first day, 
usually within the first 6 hours. The meta-analysis of 2872 preterm babies randomised 
prophylactic indomethacin trials shows significant reductions after indomethacin in 
intraventricular haemorrhage, later symptomatic PDA and reduced PDA ligation rates but 
little effect on other morbidities particularly respiratory outcomes.28 Despite this evidence, 
this approach has not gained widespread acceptance mainly due to concerns about the 
effect of indomethacin in reducing cerebral blood flow29,30 and that follow up studies from 
two of the largest trials have not shown any significant improvement on developmental 
outcomes.31,32  
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Meta-analysis of 931 babies randomised into prophylactic ibuprofen trials showed reduced 
rate of later symptomatic PDA and reduced PDA ligation but no difference in any other 
clinical outcomes including major IVH.33 Neurodevelopmental outcomes from these studies 
have not been published. 

 

How to close the preterm patent duct? 

Indomethacin or Ibuprofen?: Ductal patency is maintained by circulating prostaglandins 
and both these drugs work by a general inhibition of prostaglandin synthesis. Indomethacin has 
been used for many years and will close the duct in most cases but at the expense of some side 
effects including transient reduced cerebral blood flow,29 oliguria, hyponatraemia and gastro-
intestinal complications. Most of these side effects are transient and self limiting. Infusing the dose 
over 20 to 30 minutes may reduce but does not eliminate the effect on cerebral blood flow.30 

Ibuprofen has less side effects and has become established as an alternative to indomethacin. 
Randomised trials have shown it to have similar efficacy in closing the duct with a lower rate of 
renal side effects.34-36 Both indomethacin and ibuprofen have about a 75% success rate for ductal 
closure. Blood flow studies have shown that ibuprofen has less negative effects on cerebral blood 
flow.37  One trial of prophylactic ibuprofen was stopped early because three babies seemed to 
have pulmonary hypertensive crises shortly after being given ibuprofen.38 It’s still not really known 
whether this was an effect of ibuprofen. There is a small risk reduction in NEC rates after ibuprofen 
compared to indomethacin but no significant differences in any longer term clinical outcomes 
between indomethacin and ibuprofen.36 

During 2010, the available commercial preparation of intravenous indomethacin was withdrawn 
from the Australian market due to production problems that have never been clearly specified. 
Intravenous Ibuprofen was bought into the Australian market as a consequence of this, although it 
is currently (June 2012) only available under the SAS scheme with the TGA. It is uncertain whether 
and when indomethacin will become available again in Australia. The following section deals with 
both indomethacin and ibuprofen to cover a range of future possibilities. 

What dosage regimen for Ibuprofen? The usual regimen for Ibuprofen has been 10 
mg/kg as a loading dose followed by two doses of 5 mg/kg at 24 hour intervals. Much of the current 
trial evidence for ibuprofen was based on the use of Lysine ibuprofen whereas the commercial 
preparation for newborns is Sodium ibuprofen and there is also a much cheaper Arginine Ibuprofen 
preparation available. It is not known whether the compounding of Ibuprofen makes a difference to 
efficacy although De Carolis et al described a ‘before and after’ changing from Lysine Ibuprofen to 
Sodium Ibuprofen study, in which they reported a significant reduction in successful medical 
closure from 73% to 50%, p<0.002 after changing to sodium ibuprofen.39 

Two recent studies have suggested that higher doses of ibuprofen may improve closure efficacy. 
Hirt et al40 performed a pharmacokinetic study which suggested an optimised regimen based on 
postnatal age: 10, 5, 5 mg/kg for neonates younger than 70 hours, 14, 7, 7 mg/kg for neonates 
between 70 and 108 h and 18, 9, 9 mg/kg for neonates between 108 and 180 h. Dani et al41 took a 
simpler approach of randomising 70 babies born before 29 weeks, with RDS and an ultrasound 
significant PDA between 12 and 24 hrs to Ibuprofen 10,5,5 mg/kg vs 20,10,10mg/kg. The latter 
regimen achieved significantly better closure (63 vs 86%%, p = 0.03) with no significant difference 
in adverse effects. 

Oral or Intravenous Ibuprofen? Intravenous Ibuprofen is expensive while oral Ibuprofen is 
cheap. This has led to studies, mainly is less well-resourced health systems, into the use of oral 
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Ibuprofen for preterm PDA closure. Early studies suggest oral Ibuprofen was as effective as 
intravenous but two recent RCTs from the same Turkish group suggest it may be better than 
intravenous.  

Gokmen et al42 randomised 102 babies born before 32 weeks and BW <1500g to oral or 
intravenous ibuprofen at 10,5,5 mg/kg. The oral group had significantly better closure rate of 85% 
vs 62% with no difference in side effects or other outcomes. They repeated this study in a more 
immature cohort of 80 babies born before 28 weeks and BW <1000g and got similar results with 
83% closure with oral vs 63% with intravenous.43 Both these studies randomised babies between 
48 and 96 hrs of age so the findings may not be generalisable to treatment before 48 hrs of age. 

What regimen for Indomethacin? Infusing the dose over 20 to 30 minutes may reduce but 
does not eliminate the effect on cerebral blood flow.30 Three randomised trials have shown that a 
dose of 0.1mg/kg daily for 6 days is as effective as the traditional 0.2mg/kg 12hrly for three doses 
but causes less side effects.44-46 However, a more recent trial using 0.2mg/kg followed by two 
lower doses at 0.1mg.kg showed no advantage to a longer course.47 As indomethacin has a long 
half life in the preterm newborn, there is pharmacokinetic logic to a higher initial loading dose. 

Meta-analysis of trials comparing short (3 doses) vs long (6 doses) course indomethacin confirms 
similar efficacy with less side effects but does show a higher risk of NEC with longer courses. As a 
result, the authors of this review caution against the routine use of longer courses.48 

How long to continue indomethacin or ibuprofen? Babies will often close their ducts 
very quickly after one or two doses of indomethacin. In these babies, the question arises of 
whether the full course needs to be given. The randomised data suggests the longer 6 day course 
is associated with less re-opening in the short term but at a cost of a possibly higher NEC rate. 
However there is good evidence from ultrasound surveillance, that ducts that were thought to have 
're-opened' clinically, in fact, had never closed.49 In a recently published RCT, we randomised 
babies, 24 hours after the first dose, to either continue the full course of 3 doses or to continue the 
full course only if the ductus was still more than 1.6 mm in diameter on ultrasound prior to the 
second dose. The latter group received significantly less indomethacin and the eventual closure 
rate and surgical ligation rate was not significantly different between the two groups.50 Most of the 
babies with ultrasonically guided treatment duration only needed one dose of indomethacin and 
there was no difference in side effect or successful PDA closure. This approach has not been 
tested with Ibuprofen. 

Non-responders and Ductal re-opening? There is no clinical trial evidence to guide the 
management of this problem. There are two clinical situations here; firstly the ductus that closes 
with the first course and then re-opens and, secondly, the ductus that fails to close with the first 
course. Unless followed with ultrasound, these two scenarios can appear very similar as the 
murmur will often disappear and then reappear in both scenarios. The observational studies of this 
were with indomethacin treatment. In the study of Sangem et al,51 which did not use ultrasound, 
closure was achieved in 42% of those who received a second course. Keller and Clyman52 did use 
ultrasound and showed that a second course closed 39% (n=23) of those whose duct had re-
opened after ultrasound confirmed closure whereas 0 out of 9, where the duct had never 
completely closed previously, achieved closure with a second course. 

Medical or surgical closure? The National Collaborative Trial is the only randomised trial to 
have addressed this issue.23 In this trial, babies randomised to surgical ligation had a higher 
incidence of pneumothoraces and retinopathy but other outcomes were not different. Cassady et al 
randomised preterm babies to prophylactic surgical ligation within the first 24 hours. There were no 
differences in outcomes between the two groups except the babies with prophylactic ligation had a 
lower incidence of NEC.53 This approach has been considered too invasive to gain any penetration 
into routine clinical care and there is little evidence to support surgery as first line treatment. 



11 
 

More recently concerns have been raised about duct ligation precipitating a state of cardiac 
afterload compromise in the early post-operative period. This probably accounts for the 
cardiorespiratory instability that often occurs for 24-48 hrs after ligation.54,55 There is also 
observational data showing a range of worse medium and long term outcomes, including 
neurosensory impairment, in babies that have ligation.56 This is an intervention that we should use 
judiciously.  

Paracetamol: The interest in paracetamol as a duct closure agent stems from a small 
observational series from Hammerman et al.57 They made a chance observation of closure of a 
duct that had been resistant to medical treatment in a baby who had been given paracetamol for 
other reasons. They tried it on four further babies with resistant PDA and they all closed with a 
short time frame. This needs further testing in a clinical trial and Hammerman et al are conducting 
such a trial and RPA Hospital and Royal North Shore Hospital are conducting an RCT comparing 
paracetamol vs placebo in babies with ducts resistant to medical closure. 

 

Future research directions?  

When and whether to treat PDA is one of the big unanswered questions in neonatology. 
Symptomatic treatment ensures minimal dose exposure to treatment but there’s a lack of evidence 
to show benefit. Targeted treatment on day 3 means more babies will be treated but again the 
evidence of benefit is not strong. Prophylactic indomethacin maximizes dose exposure and there is 
some evidence of benefit in short term outcomes but no evidence of long term benefits. This has 
led some authors to suggest that the patent ductus arteriosus is physiological in a preterm baby 
and that we should not treat it at all.  

Trials to test a completely non interventional approach to the PDA have proved difficult to conduct 
and, as such, the safety of never treating PDA has not been tested. The very early targeted 
approach offers a strategy based on our understanding of ductal pathophysiology in the transitional 
circulation. The DETECT trial protocol needs to be developed into a larger multicentre trial which 
would provide a more definitive answer. There are other trials underway using this strategy and we 
await the results of these trials with interest. 
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Guideline for PDA treatment at RPA Hospital 
Which drug and at what dosage regimen?  

Currently (Dec 2012), which drug is largely driven by the lack of availability of IV indomethacin on 
the Australian market thus we have to use Ibuprofen. Our preference would be to use 
Indomethacin if it were available. 

Ibuprofen: We have not been able to duplicate the closure success rates of the ibuprofen clinical 
trials. Review of our ‘failure to close’ rate at RPA Hospital is nearer 50% compared to 25% in the 
clinical trials. The study of Dani et al41 suggests better closure rates can be achieved at the high 
dosage rate of 20mg/kg, 10mg/kg, 10mg/kg at 24 hours intervals, without apparent increase in side 
effects.  

This higher dosage regimen of 20mg/kg, 10mg/kg, 10mg/kg at 24 hours intervals will be the 
standard dosage at RPA Hospital 

Indomethacin (if available): We use the regimen described by Tammela et al47 and used in the 
DETECT trial of 0.2mg/kg, 0.1mg/kg, 0.1mg/kg at 24 hours intervals.   

When to treat? 

1) In babies born before 28 weeks, use early ultrasound targeted treatment:  

The pathophysiological observations of the early haemodynamic impact of poorly constricting 
preterm PDAs are consistent with the improvements in short term outcomes seen with early 
prophylactic or targeted treatment, particularly with respect to P/IVH and pulmonary haemorrhage. 
There is reasonable evidence of no harm with prophylactic treatment and there is an empirical 
logic in limiting dose exposure and attempting to target treatment at those most likely to benefit, on 
the basis of early ductal constriction and early clinical risk factors.  

• These babies should have a neonatal clinician performed cardiac ultrasound, ideally 
between 3 and 6 hours of age, but before 12 hours. 

• The baby should be treated with 20mg/kg of IV ibuprofen or IV 0.2 mg/kg of 
indomethacin (if available) if all the following ultrasound criteria are met: 

o The heart is structurally normal with particular reference to the aortic arch. 
o The duct is more than or equal to 2.0 mm in diameter at its narrowest point (usually 

the pulmonary end). 
o That significant pulmonary hypertension is excluded on the basis that any right to left 

shunting occupies less than 30% of the cardiac cycle. 

If there is significant pulmonary hypertension in a duct 2.0 mm or above, then consider repeat 
neonatal clinician performed ultrasound in 6 hours and treatment at this time if the duct remains 
large and the shunt has become more left to right. 

2) In babies born from 28 weeks onwards, use symptomatic treatment.  

These babies should be monitored for presence of a PDA by routine clinical examination with 
neonatal clinician performed cardiac ultrasound if clinically indicated.  Medical treatment should be 
considered if all three of the conditions below are fulfilled: 
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1. The baby has a clinically apparent PDA on the basis of physical signs 

2. Ultrasound findings confirming patency with significant shunt defined by: 

• Diameter at narrowest point of more than or equal to 2.0mm together with one or 
more of the following:. 

1. Reversed diastolic flow in the post ductal descending aorta 
2. Increased velocities in the left pulmonary artery (diastolic >0.2m/sec, 

mean >0.45m/sec) 
3. Dilation of the left atrium and or left ventricle. 

3. Symptoms that are likely related to the ductal shunt including: 

• Inotrope resistant hypotension 
• Pulmonary haemorrhage 
• Inability to wean from the ventilator 
• Respiratory instability including increasing apnoea and rising oxygen 

requirements. 
• Later symptoms, there are a range of non-specific symptoms that should be 

ascribed to a PDA with caution based on ultrasound findings and whether the 
symptoms are out of keeping with what might be expected, including: 

1. Persistent oxygen requirements 
2. Feed intolerance 
3. Fluid retention or other renal signs 

The drug regimen will be the same as in early targeted treatment. That is Ibuprofen 
20mg/kg, 10mg/kg, 10mg/kg at 24 hour intervals or Indomethacin (if available) 0.2mg/kg, 0.1 
mg/kg, 0.1 mg/kg at 24 hours intervals. Consideration could be given to using oral 
ibuprofen if it is decided to treat a symptomatic PDA after 48 hours of life if a baby is 
tolerating feeds and has no IV access. 

Duration of treatment:  

• Shortening duration of treatment:  
• Side effects: If side effects develop that might relate to medical treatment, 

consideration should be given to not giving further doses. Such side effects might 
include: Gastrointestinal bleeding, rising creatinine, thrombocytopaenia. 

• Good early constriction: A neonatologist performed cardiac ultrasound can be 
repeated prior to the second dose of ibuprofen and, if the duct is constricted to less 
than 1.6 mm diameter on colour Doppler, consideration should be given to not giving 
further doses. If the ductus is closed prior to the second dose, further doses should not 
be given. 

• Prolonging duration of treatment: If the ductus is still patent 24 hours after the 3rd dose, 
then consideration should be given to giving further doses up to a maximum of 6 doses of 
10mg/kg of Ibuprofen or 0.1mg/kg of Indomethacin. Lower gestational age and a larger 
diameter ductus make it more likely that the PDA will continue to be a problem. 

Re-treatment: 

Babies who fail to respond to a first course of medical treatment, usually do not respond to further 
courses but occasionally they do, so consider a second course of Ibuprofen/Indomethacin if the 
ductus becomes clinically apparent (as above) after the first course. Babies who fail to respond 
should be considered for the Paracetamol PDA trial. 
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Ligation:  

Consideration for ligation should be confined to babies who remain on substantial respiratory 
support and have unequivocal ultrasound features of haemodynamic significance and medical 
treatment has failed (usually after two courses) or medical treatment is contraindicated. 

 

Key Points 

Key Point Level of Evidence 

Risk of PDA increases with lower gestation, lack of antenatal 
steroids and hyaline membrane disease. Level of Evidence 2A3,4 

Early diagnosis requires cardiac ultrasound Level of Evidence 2A5,6 

Larger ductal diameter is associated with lower systemic blood 
flow in the first 12 hours after birth. Level of Evidence 2B15 

Indomethacin or Ibuprofen are the first line treatment. 
Consider surgery only if medical treatment has failed or is 
contraindicated and there are persisting cardiopulmonary 
symptoms that are probably due to ductal shunting. 

Level of Evidence 1A33  
Grade of Recommendation B 

There is no evidence that prophylactic indomethacin improves 
long term neurodevelopmental outcomes. Level of Evidence 1A39 

Early prophylactic or targeted treatment of ducts may reduce 
the risk of early pulmonary haemorrhage. 

Level of Evidence 1B27,28 
Grade of Recommendation B 

If the duct has significantly constricted 24 hrs after the first 
dose, consideration should be given to not giving further 
doses. 

Level of Evidence 1B30 
Grade of Recommendation B 

Oral ibuprofen appears to be as effective as intravenous 
ibuprofen in babies treated after 48 hrs of age. 

Level of Evidence 1B42,43 
Grade of Recommendation B 
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