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INTRODUCTION 

In foetal life, the ductus arteriosus plays a major role in 

shunting the blood from the pulmonary artery (right) to the 

aorta (left) as lungs impart high vascular resistance. After 

birth the bloodstream in a patent ductus arteriosus (PDA) 

will be in a reversed direction due to drop in the pulmonary 

resistance. A bidirectional shunt in the ductus is found to 

be common during the first few days of life as vascular 

resistance in the lungs continues to be quite high for the 

first postnatal days. At birth the ductus begins to contract 

and functionally closed within a few days. Usually the 

ductus obliterates permanently within a few months but it 

may stay open for up to a year after birth. In infants born 

prematurely ductal closure is often delayed as compared to 

term infants. Closure of the DA is due to several 

mechanisms, the most important being documented as rise 

in blood oxygen tension at birth and decrease in blood 

concentration of the prostaglandins PGE1, PGE2 and 

PGI1.1,2 Oxygen and endothelin are very strong 

vasoconstrictors and prostaglandins E2 and I2 are strong 

vasodilators of the ductus arteriosus. 

Delayed closure is partly due to immaturity of ductal wall 

musculature and partly to clinical conditions which halt the 

normal rise in arterial oxygen concentration at birth. The 

incidence of PDA is inversely related to gestational age 

ABSTRACT 

Background: Patency of ductus arteriosus is vital for fetal survival. Ductus often 

fails to close in premature infants called patent ductus arteriosus (PDA). Our 

objective is to find the clinical profile and assess the outcome of preterm infants 

diagnosed to have clinically significant PDA. 

Methods: 20 infants diagnosed as PDA clinically and confirmed by 

echocardiography. Symptomatic infants initially treated with fluid restriction and 

frusemide. Non responders treated with per rectal ibuprofen with dose of 10 

mg/kg stat followed by 5 mg/kg x 2 doses at 24 hour intervals. Failure to ductal 

closure followed by similar second course of ibuprofen. Echocardiography 

repeated after 72 hours of each therapy. Surgical ligation of ductus was carried 

after failure to drug therapies. Secondary outcomes during hospitalization were 

documented. 
Results: PDA was diagnosed in seventeen infants during first week and three 

after seven postnatal day. Mean gestational age and birth weight were 31±2 weeks 

and 1466±378grams respectively. Three babies responded well to fluid therapy. 

Thirteen infants out of seventeen had ductal closure after first course and two to 

second course of ibuprofen. Two had undergone surgical treatment. Six infants 

detected with sepsis, five with intraventricular hemorrhage and retinopathy of 

prematurity. Two developed bronchopulmonary dysplasia. Pulmonary 

hemorrhage and NEC were found in one each. Two babies died. 

Conclusions: PDA is inversely related to gestational age and birth weight. 

Prostaglandin synthase inhibitors are essential in ductal closure. Surgical ligation 

is reserved for medical therapy failure. Co-morbidities in PDA are less in well 

treated babies. 
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and is seen more often in infants with respiratory distress 

syndrome (RDS) needing ventilation and surfactant or 

other associated diseases hampering adequate post natal 

oxygenation. Other notable conditions such as 

phototherapy for jaundice and over hydration during the 

first few days of life have also been related to PDA.3 The 

incidence of PDA is 70% in preterm infants weighing 

<1000 g and 29 weeks gestational age. Increased 

sensitivity and duration of the ductus to prostaglandins, 

higher incidence of hypoxia and acidosis, defective 

smooth muscle migration resulting in compromised 

anatomical closure in premature as compared to term 

infants.4 

PDA is now considered by many experts to be a partly 

physiological condition which rarely needs treatment. It is 

supported by several recent studies indicating that the side 

effects and results of treatment might be more harmful to 

the infant than the PDA itself. PDA is a major morbidity 

in prematurity, especially in infants <28weeks. Clinical 

signs and symptoms of PDA in preterm infants are 

inconclusive for making an early diagnosis of significant 

ductal shunting. PDA has been associated with a number 

of major complications of prematurity.5-8  

If an infant with a PDA is unable to increase cardiac output 

to compensate for the blood shunted across the ductus, 

reversed flow might be seen in the aorta (ductal steal). This 

will compromise the blood flow to several organs 

including the vital organs like brain, kidney and 

intestines.9,10 

Failure of the PDA leads to significant left to right 

shunting of blood and undesirable effects, including 

pulmonary edema and hemorrhage, congestive cardiac 

failure, clinically manifested with wide pulse pressure and 

bounding pulses, hypo-perfusion followed by reperfusion 

elevates the risk of intraventricular hemorrhage (IVH), 

cerebral vascular accidents, necrotizing enterocolitis 

(NEC), acute renal failure (ARF), feeding intolerance, 

poor weight gain, BPD (bronchopulmonary dysplasia) and 

death. Therefore, diagnosis and appropriate treatment of 

the PDA is essential to prevent these morbidities.11,12 

Clinical diagnosis of PDA usually accessed with at least 

one or more symptoms, including bounding pulses with 

wide pulse pressure (>25mm Hg), hyperdynamic 

precordium, an ejection systolic murmur (occasionally pan 

systolic and continuous murmur) heard best at the 2nd left 

parasternal area, tachycardia (Heart rate>160/min), 

worsening respiratory status, edema and/or oliguria.13 

However, along with clinical diagnosis, the 

echocardiogram remains the gold standard in confirming 

the hemodynamically significant PDA. Various studies 

have disclosed that the echocardiographic criteria of a 

significant left to right shunt usually precede clinical 

symptoms by a duration of 2-3 days. This timing is also 

vitally important in making a decision to treat as within the 

first 24 h of life, as approximately 1/3rd of PDAs begin to 

close spontaneously and they do not require any treatment. 

Doppler echo is more specific and sensitive for the 

diagnosis of PDA while an M mode echo is great for 

assessing the severity of the shunt across the PDA. 

Radiographic detections are non-specific for the diagnosis 

of PDA. They comprise of cardiomegaly, upturned left 

bronchus due to left atrial hypertrophy and pulmonary 

plethora.14-16 

Until recently a PDA has been regarded as a condition 

needing as early and effective treatment as possible. 

Prophylactic treatment of PDA has also been 

recommended for the most premature and sickest infants.17 

First line strategies are employed to close a PDA in a 

symptomatic preterm infant including careful fluid 

administration, diuretics and prostaglandin synthetase 

inhibitors such as ibuprofen and indomethacin. Ibuprofen 

is found to be an inhibitor of prostaglandin synthesis and 

is effective in closing the ductus. It is having the equal 

efficacy as compared to indomethacin with lower side 

effects. It is also associated with a lower incidence of 

oliguria and renal compromise. It has been found to have 

a lesser impact on mesenteric and cerebral blood flow as 

compared to indomethacin.18 

Surgical PDA ligation should only be considered when 

drugs therapy had either failed or contraindicated and may 

be carried out by thoracotomy or video assisted 

thoracoscopy.19,20 

Meta-analyses have shown that there are no significant 

differences in successful ductal closure using 

indomethacin or ibuprofen, long or short treatment courses 

or surgical or pharmacological treatment with regard to the 

final outcome for the infant.19,21,22 

METHODS 

The present study was conducted in tertiary care neonatal 

intensive care unit; Lotus Children’s Hospital. It was a 

retrospective study with one year duration. Medical 

records of 20 infants who were diagnosed as PDA 

clinically and confirmed by echocardiography were 

reviewed. Any preterm infant with a symptomatic PDA 

diagnosed clinically and confirmed by ECHO criteria 

irrespective of treatment in the neonatal period (<28days) 

were included in study and infants with any associated 

complex congenital heart disease were excluded from the 

study group. Sepsis, metabolic and hematological 

screening was done in all infants. 

The clinical diagnosis of PDA is based on the following 

criteria such as tachycardia (heart rate >160/min), 

tachypnea (respiratory rate > 60/min), high volume pulse, 

hyperdynamic precordial impulse, murmur which may be 

continuous and / or systolic. Clinical diagnosis of PDA 

was confirmed by 2D and Doppler echocardiography prior 

to starting medical therapy. 

Echocardiography criteria for hemodynamically 

significant PDA are: Ductal diameter of >1.5 mm, LA: AO 
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ratio of >1.6, Left to-right shunting of blood, End diastolic 

reversal of blood flow in the aorta and poor cardiac 

function. 

Clinical data were collected includes demographic 

information, duration of mechanical ventilation, diagnosis 

of intra ventricular hemorrhage (IVH) accessed by bed 

side cranial ultrasonography on every preterm infant 

weight <1,500gram at day 3 and day 7, necrotizing 

enterocolitis (NEC) according to Modified Bell’s staging 

criteria, bronchopulmonary dysplasia (BPD), pulmonary 

hemorrhage, reopening of ductus following three doses of 

ibuprofen therapy, sepsis was evaluated by clinical 

symptoms and signs plus a positive bacterial culture in a 

specimen obtained from normally sterile fluids), 

periventricular leukomalacia (PVL), retinopathy of 

prematurity (ROP) as per International Classification of 

Retinopathy of Prematurity (ICROP), and mortality during 

hospitalization. 

Infants diagnosed with symptomatic PDA were initially 

treated with fluid restriction and diuretic with frusemide 

1mg/ kg body weight per dose three times a day. Infants 

who did not respond, per rectal ibuprofen was 

administered with dose of 10mg/kg stat followed by 

5mg/kg x 2 doses at 24 hour intervals, if there was no 

contraindication to it. A second course of per rectal 

Ibuprofen was given to those whom ductus failed to close 

or reopened. Infants who failed to respond to ibuprofen or 

had a contraindication to medication were treated with 

surgical ligation of duct. Echocardiography was repeated 

in all cases 72 hours after completion of therapy. The study 

has been approved by the Institutional Ethics Committee. 

Results of the study were analysed statistically by 

Microsoft excel and SPSS 20.0 software. 

RESULTS 

Total twenty preterm babies were diagnosed to have 

symptomatic PDA during the study period. Out of which 

twelve infants were male (60%) and eight (40%) were 

female. Incidence of male to female ratio was 1.5:1. PDA 

was diagnosed during the first week of life in 17 (85%) 

babies and in 3 (15%) babies after the 7th postnatal day. 

Mean gestational age and birth weight were found to be 

31±2 weeks and 1466±378 grams respectively. PDA was 

diagnosed in 10 (50%) preterm babies with RDS who had 

received ventilator support and out of them 7 received 

surfactant. 

The incidence of PDA with respect to the gestational age 

and birth weight were observed. Maximum incidence 

(40%, eight infants) of total PDA born at gestational age 

of 28-30 weeks whereas only one baby (5% total) affected 

PDA born in <28 weeks of gestation (Table 1).  

Table 1: Prevalence of PDA in relation to birth weight and gestation age. 

                                               Gestational Age (weeks) 

Weight (Gms) 
<28 28-30 31-33 34-37 Total 

<1000 1 2 0 0 3(15%) 

1001-1500 0 6 3 1 10(50%) 

1501-2500 0 0 2 4 06(30%) 

>2500 0 0 0 1 01(05%) 

Total 01(05%) 08(40%) 05(25%) 06(30%) 20(100%) 

 

Figure 1: Clinical presentation PDA. 

The major clinical presenting features found in PDA 

infants were as follows: systolic murmur (100%), 

tachycardia (100%), tachypnea (75%), bounding pulses 

(80%) and hyperdynamic precordial impulse (75%) 

(Figure 1).  

Thirteen (76.5%) out of 17 babies had ductal closure after 

1st course of ibuprofen. Out the four babies who received 

2nd course of ibuprofen after failure to1st course, two babies 

(50%) responded and had ductal closure but two babies 

failed to respond and had undergone surgical ligation of 

duct (Table 2).  

Of the three babies who were not given ibuprofen, two 

improved with fluid restriction and diuretics. The third 

baby did not receive the drug due to thrombocytopenia. 

None of the babies who survived had drug related 

complications. Out of 20 babies, two babies died (10%). 

One baby died after the completion of ibuprofen therapy 
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due to fulminant sepsis and related complications and the 

other baby had post surgical complication and sepsis. 

Table 2: Response to Ibuprofen and                                 

surgical treatment. 

Treatment 

(Closure of 

duct by) 

No of 

patients 

Outcome 

(Closure) 
Percentage 

1st Course of 

Ibuprofen 
17 13 76.5% 

2nd Course of 

Ibuprofen 
04 02 50% 

Surgical 02 02 100% 

Secondary outcome associated with PDA in relation to 

gestational age were documented. Out of the 20 babies, six 

presented with culture positive sepsis, five developed ROP 

and intraventricular hemorrhage each and two babies 

developed BPD. Pulmonary hemorrhage and NEC were 

detected in one baby each. In present study associated co-

morbidities were predominantly observed in gestational 

age 28-30 weeks (Figure 2). 

 

Figure 2: Co-morbidities associated with PDA in 

relation to gestational age. 

DISCUSSION 

PDA is a common accompaniment of prematurity as seen 

in this study.23 The occurrence was also high in low birth 

weight babies less than 1500grams. The incidence is 

inversely related to gestational age as well as birth weight. 

This was brought out in a large multicentric study which 

documented an incidence of PDA as 20% in less than 

1750grams of birth weight, 42% at 500-999grams, 21% at 

1000-1499 grams and 7% at 1500-1750grams.24 The risk 

was reported to be higher in neonates dependent on 

ventilator care.25 The occurrence of PDA was found to be 

maximum (70%) during the first week of life. Seven out of 

ten babies, who required ventilatory support for RDS, 

developed PDA during the first week of life. The opening 

of PDA during the recovery phase of respiratory distress 

syndrome is well documented in many studies.26 This is 

attributed to the depletion in cholinergic innervations of 

the ductus and decreased ductal responsiveness to oxygen 

and poor myocardial reserves.27 PDA is also dependent on 

the factors which alter the pulmonary vascular resistance.  

In those subjected to assisted ventilation, PDA was 

diagnosed on the criteria of persistent hypoxia, 

deterioration of ventilatory status requiring changes in the 

ventilator settings. This is known to be a good indicator of 

left to right shunt through ductus.28 Classical murmur of 

PDA may not be found always, but it is a high index of 

suspicion is essential for diagnosing PDA in ventilated 

neonates. 2-D echocardiography is useful in the diagnosis 

and confirmation of closure of the ductus. The same 

clinical and echocardiographic criteria have been used by 

many workers.29  

The best time to treat the PDA is preferred, when treatment 

with COX inhibitors will be most effective while avoiding 

treatment of infants who may have spontaneous closure of 

the ductus.8 Therefore prophylactic treatment is only 

indicated in situations where the risk of IVH is very high. 

If prophylaxis is desired, indomethacin is the treatment of 

choice, and preferred over ibuprofen lysine as the later 

fails to show to an effect on IVH.30 The current scenario is 

to treat early pre-symptomatic PDA at two to seven days 

of life after echocardiogram confirmation. This will curtail 

the number of babies exposed to COX inhibitors whose 

ductus will close spontaneously and at the same time 

benefit those babies who will respond most favourably to 

COX inhibitors.31  

Studies comparing indomethacin and ibuprofen lysine 

showed equal efficacy rates in ductal closure.32 According 

to these comparative trials, the indomethacin group had 

statistically significant higher incidence of oliguria and 

increase creatinine levels. However, ibuprofen lysine will 

be preferable because of its better toxicity profile.31,33 

There were no differences in the incidence of NEC, BPD 

or short-term neurological outcomes in patients receiving 

either of these COX inhibitors.34 Meta-analysis of several 

comparison studies has reconfirmed these observations.32 

Medical therapy should still be attempted for PDA closure 

beyond 7 days of age with the knowledge that treatment 

may be ineffective, as non-prostaglandin mechanisms are 

involved in keeping ductal patency by this age.  

Surgical ligation should be considered for resistant 

symptomatic PDA, which fails to respond to medical 

therapy. Patent ductus arteriosus ligation is a relatively 

safe procedure (30 day survival 92%) but there is 

substantial late mortality and a high incidence of morbidity 

in the survivors. Two or more than two courses of 

prostaglandin synthase inhibitor before surgical ligation 

tend to enhance oxygen dependence and chronic lung 

disease. This high risk population requires careful, long 

term follow-up. A definitive prospective cohort study is 

lacking. Recent analysis of children at 4½ and 8 years of 

age who were treated with indomethacin prophylaxis at 

birth had shown a favourable neuro-developmental 

outcome compared to those treated with placebo.35,36  
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In this study, 89% of neonates had successful closure of 

the ductus after ibuprofen therapy as compared to 79-96% 

success rate in various studies.28,36 Ibuprofen appears to be 

safe, as none who responded to the drug in this study had 

serious drug related complications. All infants who are at 

a risk of developing PDA should be assessed carefully for 

the evidence of PDA, as early treatment with ibuprofen 

will favour the outcome. Echocardiographic evaluation is 

useful to confirm the diagnosis and also to rule out duct 

dependent lesions. Ibuprofen therapy is safe and rewarding 

in pharmacological closure of ductus in symptomatic 

newborns. 
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