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ABSTRACT
The incidence of patent ductus arteriosus (PDA) in 
premature neonates varies according to the gestational 
age and respiratory status.  Failure of PDA closure in 
preterm infants with respiratory distress syndrome 
results in a left to right shunt across the duct which 
may lead to pulmonary congestion and deterioration 
in respiratory status.  Although indomethacin and 
ibuprofen are the main stay of medical treatment, 
conservative approach by restricted fluid and applying 
continuous positive airway pressure (CPAP) may be 
effective in prevention of PDA without complication.  
The daily clinical round debate on how to diagnose, 
when, and how to treat PDA in preterm neonates will 
be discussed with details in this review.   
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INTRODUCTION
Patent ductus arteriosus (PDA) is an old problem 
with present clinical dilemma. It has been described 
by Galen in the first century with the description of 
postnatal circular adaptation [1]. However, it was not 
until 1888 that Munro conducted the dissection and 
ligation of the ductus arteriosus in an infant cadaver, 
and it took another 50 years before Robert E. Gross, 
in 1938, successfully ligated a patent ductus arteriosus 
(PDA) in a young child in Boston [1].  It is largely 
unknown that in the same year and before Gross, Emil 
Karl Frey, a Surgeon at the Medizinische Akademie 
in Dusseldorf, Germany, already ligated a PDA 
successfully.  Assuming that he would soon perform 
more ligations, Frey did not publish his findings, and 
accordingly this historic ductal operation escaped 
attention [1].  In fetal life the ductus arteriosus (DA) 
serves to divert ventricular output toward the placenta 
and away from the lungs by connecting the main 
pulmonary artery to the descending aorta.
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Fetal duct patency is regulated by low oxygen tension 
and prostanoids, mainly prostaglandin E2 (PGE2) 
and prostacyclin (PGI2).  These substances produced 
by placenta and were not cleared by fetal lungs [2].  
In post natal life the duct closes anatomically within 
three days in full term infant, because of increase 
systemic blood flow, gradual decline in pulmonary 
pressure, increase arterial oxygen tension and 
decreased in prostaglandin and its receptors which 

lead to duct remodling (Table 1) [3,4].  In contrast, 
preterm infants fail this remolding mechanism which 
leads to persistent DA, that have clinical consequences 
depending on the degree of left-to-right shunting 
known as stealing phenomena. With the increase in 
pulmonary blood flow it can lead to hemorrhagic 
pulmonary edema, loss of lung compliance, and 
deterioration of respiratory status, which ultimately 
leads to chronic lung disease (CLD ) [4]. 

Factors which constrict DA Factors which prevent  DA constriction
Increase in arterial oxygenation (PaO2 ) Hypoxia

Decrease in pulmonary blood pressure flow Increased  pulmonary pressure

Decrease in circulating PGE2 Increased sensitivity to  vasodilating effect of PGE2 and 
NO coupling with down regulation of the receptors 

Decrease in PGE2 receptors Fluid

Table 1-   Factors controlling the duct closure after birth 

Despite being a focus of neonatal research for many 
years, controversy still surrounds the role of PDA 
in adverse neonatal outcome and the best method 
and appropriate timing of treatment. Some of the 
uncertainty over the importance of PDA to the preterm 
infant relates to common misconceptions about the 
natural history of preterm ductal shunting and about 
the best method for diagnosis. The objective of this 
review article is to provide the best evidence of 
diagnosis, treatment and outcome of preterm infant 
with PDA.

DA - Ductus arteriosus, NO - Nitric oxide, PGE2 - Prostaglandin E2

Incidence
The incidence of PDA in term infants has been 
estimated to be 55% if screened in the first 24 hours 
after birth and 57 per 100 000 live births after the 
second week of life [5,6]. 
Whereas, in preterm infant the incidence depend on 
how small is the infant and the respiratory condition 
after birth, every third preterm infant with a birth 
weight (BW) of 501 to 1500 g (very low birth weight 

-VLBW) is expected to have a persistent PDA [3]. 
Furthermore, 55% of infants who weigh <1000 g 
(extremely low birth weight, ELBW) have been 
described to have a symptomatic PDA that needs 
medical treatment (Table 2) [7]. 
In a hospital based study at King Khalid university 
hospital, Saudi Arabia, the prevalence of PDA varies 
according to the gestational age and found to be 25%, 
at < 28 weeks gestation, and 12% at 28-32 weeks. 
Although spontaneous permanent DA closure 
occurs in variable percentages, Koch, et al reported 
closure in up to 34% of ELBW neonates at 2 to 6 
days postnatal age, and in the majority of VLBW 
neonates within the first year of life [8].  The 
majority of preterm infants (60% to 70%) of less 
than 28 weeks gestation receive medical or surgical 
therapy for a PDA, usually with the intention to 
prevent respiratory decompensation, heart failure, 
intraventricular hemorrhage (IVH), periventricular 
leukomalacia (PVL), bronchopulmonary dysplasia 
(BPD), necrotizing enterocolitis (NEC), and death.
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Clinical assessment
The clinical manifestations of PDA depend on the 
magnitude of the left to right shunt, which lead to 
increase pulmonary venous pressure and pulmonary 
congestion.   In the setting of preterm respiratory 
distress with low plasma oncotic pressure and 
increased capillary permeability, PDA can result 
in interstitial and alveolar pulmonary edema and 
decreased lung compliance, which, in turn, will lead 
to higher ventilator settings, prolonged ventilation 
with potentially high oxygen load, and probably to 
all preterm morbidities [9].   In ELBW and VLBW 
infants, lung injury is often combined with myocardial 
dysfunction due to left-sided volume overload 
that, together with a ductal steal phenomenon, will 
worsen systemic perfusion especially when severe 
hemorrhagic edema had developed.  Therefore, 
preterm infants born at < 1000 g are susceptible to 
hypo-perfusion of vital organs and resultant additional 
co-morbidities such as IVH, PVL, NEC, and (pre) 
renal failure.  However, all these morbidities can 
developed in preterm infant without hemodynamic 
significant PDA  [10].

Gestational age
(weeks)

Patients (No) % of patients

<25 3 2.1
25-26 20 1.05
27-28 8 0.7
>29 11 0.53

Table 2- Incidence of spontaneous permanent closure of DA in ELBW neonates [7]

DA - Ductus arteriosus, ELBW - Extremely low birth weight

Clinical diagnosis
The patency of the duct is suspected when the 
ventilation support is difficult to wean, along with the 
presence of systolic murmur at the left upper sternal 
edge radiating to the back, active pericardial impulses, 

widened pulse pressure and prominent or bounding 
peripheral pulses. However, these clinical signs have 
very low sensitivity for the diagnosis, and most of the 
significant patent ducts do not produce clinical signs.  
Davis and colleagues reported that high percentage 
of patients with PDA had no murmur, and observed 
that bounding pulses were also a poor independent 
predictor factor for the presence of PDA [11]. In 
line with these findings, Skelton and colleagues 
evaluated clinical signs over a period of several days 
and demonstrated that relying on clinical signs led 
to a mean diagnostic delay of 2 days, with a range 
of 1 to 4 days [12].  These authors also found that 
clinical signs of PDA were specific but insensitive. 
Hence, a murmur heard in a preterm infant is likely 
to be due to patent ductus arteriosus; however, 
absence of a murmur does not exclude a PDA [12]. 
Therefore Doppler flow echocardiography is required 
to confidently confirm the diagnosis of PDA [13].  
However, the main challenge would be that pediatric 
cardiologists or their team members are not always 
available to perform echocardiography and assist with 
a timely diagnosis of PDA.  Therefore, neonatologist 
or neonatal fellows are required to develop the skills 
and training in performing echocardiogram.
The primary questions that can be answered by 
neonatal Doppler flow echocardiography are:  
1. Is the heart and great vessel are structurally 

normal?
2. Is the ductus arteriosus patent? 
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3. Is the ductal shunting hemodynamically 
significant?

4. What is the volume of ductal shunting (by 
calculating pulmonary to the systemic blood flow 
(QP:QS) ratio)?

Echocardiographic evidence of symptomatic ductal 
patency includes ductal diameter of more than 1.5 
mm in the first 30 hours after delivery, left atrial/aortic 
root ratio more than 1.5 and pulsatile transductal flow 
(Vmax) less than 1.8 m/second [14,15]. 

Treatment
Before the decision to treat is taken, it is important to 
distinguish between a clinically significant and non-
significant PDA. The hemodynamically significant 
PDA causes deterioration in the respiratory status of 
the preterm infants by increasing ventilator support 
and oxygen requirement in a previously weanable 
infants. In non-hemodynamically significant duct, 
conservative management is the first option, which 
include fluid restriction (not more than 130ml/kg) after 
the third day of life, and adjustment of ventilation by 
lowering inspiratory time to as low as 0.35 seconds, 
and applying higher peak end expiratory pressure 
(PEEP) of 6 to7. In a retrospective analysis of 109 
preterm infant <30 weeks gestation with respiratory 
distress syndrome required mechanical ventilation 
and surfactant replacement,  PDA was diagnosed in 
31 infants (28%), all of them treated conservatively 
with a successful closure of  up to 80%, only 6 
neonates required medical treatment and surgical 
ligation. There were no significant complications in 
conservatively treated neonates [16]. 
If treatment with drugs is to be used, early treatment is 
more likely to result in successful ductal closure and 
prevent adverse pulmonary outcomes.  For this reason, 
indomethacin prophylaxis is the preferred regimen.  
The Trial of indomethacin prophylaxis (0.1 mg/kg per 
dose every 24 hours for three doses) in extremely low-
birth weight infants showed a significant decrease in 

both the incidence of PDA and the need for surgical 
ligation.  However, there was no significant benefit in 
reducing BPD, other prematurity related complication 
(like retinopathy of prematurity (ROP) and NEC) and 
long term neurological morbitidies [17]. An important 
positive remark of this trial was the significant 
reduction in severe pulmonary hemorrhage in the first 
week of life [18]. 
The other alternative regimen is the rescue treatment 
with either indomethacin or Ibuprofen.   Both 
agents are equally efficacious, achieving successful 
closure of a PDA in 75–93% of cases [19].  In a 
Cochrane systematic review by Olsson, there was no 
statistically significant difference in the effectiveness 
of ibuprofen compared to indomethacin in closing 
PDA [19]. Ibuprofen reduces the risk of oliguria, but 
may increase the risk for chronic lung disease (CLD), 
and pulmonary hypertension [19].

The standard dose of rescue treatment with 
indomethacin is 0.1mg/kg/dose at 24 hours interval 
and to repeat the course if the duct clinically or by 
repeated Echocardiography persists.   There is no 
practical advantage in prolonging the course for 6 
days.  The reduction of transient renal impairment in 
short course does not outweigh the increased risk of 
NEC [20]. Another alternative regimen is intravenous 
or oral Ibuprofen in the dose of 10mg/kg then 5mg/
kg at 24hour and 5mg/kg at 48 hour. In very low 
birth weight infants, the rate of early ductal closure 
with oral ibuprofen is at least as good as with the 
intravenous route [21].

If the medical therapy in appropriate dose and time 
failed to close the duct, the choice of repeating 
the course or surgical closure is controversial, 
ligation is associated with adverse pulmonary and 
neurodevelopmental outcomes, and multiple repeated 
courses of indomethacin (more than three doses) are 
associated with an increased incidence of NEC.  In 
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institutions where the rate of NEC is high, ligation may 
be a better alternative; otherwise, a repeated course of 
indomethacin is recommended prior to proceeding to 
ligation. Ligation should be reserved only for infants 
who failed pharmacologic treatment and continue 
to have a symptomatic PDA by echocardiographic 

criteria [20,22].
Further studies clearly are needed to help clarify 
many issues, the most pressing being which infants 
will benefit from surgical ligation and which infants 
might best be left untreated when pharmacologic 
approaches no longer are an option.
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