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Background
In the foetus, the ductus arteriosus (DA) is an important vascular connection between the pulmonary artery and the aorta. This vessel usually closes within 72 hours of birth in healthy term infants but later in preterm infants. This is in response to an increase in arterial oxygen content and decrease in local and circulating prostaglandin E concentrations. A patent ductus arteriosus (PDA) occurs when the ductus fails to completely close after delivery. The incidence of PDA is inversely related to the gestational age with up to 80% of preterm infants <28 weeks having a patent ductus. Persistence in ductal opening coinciding with normal postnatal fall in pulmonary vascular resistance (PVR) results in left to right shunting across the PDA. The consequences may include pulmonary over-perfusion and/or systemic hypoperfusion1.

Key Objective
The purpose of this document is to provide clinical guidance to screen, diagnose and manage a PDA in the preterm neonate. This guideline refers to neonates born in, transferred to, or admitted to Canberra Health Services (CHS).

Alerts 
If there is any concern about ductal dependant congenital heart disease, signs of pulmonary hypertension (moderate to severe tricuspid regurgitation, PDA flow pattern of >30% right to left flow) PDA closure is contraindicated.
For doses and guidelines regarding medication used in the treatment of PDA mentioned in this document, please refer to the Neonatal Intensive Care Unit (NICU) Drug Manual, which can be found on the CHS Policy and Guidance Documents Register.
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[bookmark: _Int_3xI6mRRR]This document applies to neonates (aged less than 28 days or less than 44 weeks corrected age) being cared for as an inpatient of Canberra Health Services. This document applies to CHS staff who are working within their scope of practice:
Medical Officers
Registered Nurses and Registered Midwives 
Student under direct supervision.
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Evidence base relating to screening:
The management of a PDA in premature infants remains controversial. Randomized controlled trials have failed to demonstrate an improvement in either mortality or short-term morbidities, such as bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), and intraventricular haemorrhage (IVH), or long-term neurodisability with treatment 2.
A systematic review of 12 studies showed no differences in mortality or morbidity for conservative management compared with active treatment regimens3. 
A recent large randomized controlled Beneductus trial showed that expectant management of PDA in preterm infants was noninferior to early-ibuprofen treatment at a postnatal age of 24 to 72 hours with respect to NEC, moderate-to-severe BPD, or death (the composite primary outcome), as assessed at 36 weeks’ postmenstrual age. On the contrary, babies in the ibuprofen treatment arm had increased rates of BPD4. 
Pre-symptomatic treatment has not shown in clinical trials, including the most recent Beneductus trial to improve neonatal outcomes.
Nevertheless, large or haemodynamically significant PDAs especially in extremely preterm infants can lead to significant pulmonary overflow, cardiac failure, pulmonary oedema and resulting ventilatory dependence as well as lower systemic blood flow. This threatens end organ perfusion to vital organs including the brain1.
Based on this evidence CHS Department of Neonatology have adopted a moderate or symptomatic approach to screen and manage PDAs. Clinician performed ultrasounds (CPUs) are performed for babies who exhibit signs of pulmonary over-circulation and left ventricular overload using a PDA Clinical Score (CS) (see Attachment 1)5.
This moderate approach is supported by data from a multi-centre study of 139 neonatal intensive care units. The study showed that both low and high treatment rates (pharmacologic or surgical intervention) were associated with increased death or severe neurologic outcome compared with a more moderate approach5. This U-shaped relationship suggests low treatment rate was associated with a too high threshold for treatment with subsequent adverse effect of untreated significant hemodynamic impact. The high treatment rate may have resulted in unnecessary treatment of infants with milder hemodynamic PDA and exposure to adverse effects of treatment.

Recommendation for screening at CHS 
Preterm infants <28 weeks will have their CS assessed at 48-72 hours. Any baby with a moderate CS (>= 4) will require a CPU cardiac ultrasound to review presence and haemodynamic significance of the PDA.
Babies with low PDA scores will have ongoing evaluation of their clinical status/scores and CPU scans as necessary.
At any point if a senior Clinician (Fellow/Consultant) is concerned about a haemodynamically significant PDA based on clinical features or suspect a congenital heart disease (murmur), need for CPU can be discussed with the Consultant on-call for CPU scans. Note clinical features may include: 
pulmonary haemorrhage
increasing apnoeas
increasing FiO2 requirements- not otherwise explained by another cause
unable to wean respiratory/ventilatory support
unable to grade up enteral feeds. 
There is high rate of spontaneous PDA closure in neonates >=28 weeks. Consider CPU scan if there is clinical suspicion (as per clinical features above) of a haemodynamically significant PDA. 

Treatment:
· Treatment is indicated for a haemodynamically significant (hsPDA) PDA.
· Clinical signs of a PDA are unreliable in determining the PDA shunt volume and thereby the need for treatment. Treatment of a symptomatic PDA should never be initiated based on clinical examination/scores alone.
· Echocardiogram or CPU is the gold standard for assessing haemodynamic significance of a PDA and should always be done prior to treatment.
· Defining haemodynamically significant PDA on ultrasound:
· Large PDA with pulsatile or growing pattern
· A PDA size of >2 mm is considered large.
· Pulsatile flow is defined on colour doppler as a flow pattern with peak velocity approximately 1.5 m/s AND minimum <50 % of maximum. 
· Growing pattern is defined as a predominantly left to right flow with < 30% of duration as right to left. 
· Moderate pulsatile PDA with signs of high left to right shunt volume
· A PDA size of 1.5- 2 mm is considered moderate.
· Signs of high shunt volume (at least 2) are:
· Reversed diastolic flow in descending aorta or superior mesenteric artery (‘ductal steal’)
· Increased velocities in left pulmonary artery (LPA) (LPA end diastolic velocity >0.25 m/s, LPA mean velocity >0.43 m/s)
· Left atrial dilatation-Left atrium to Aortic root (LA:AO) ratio >1.5:1 and/or ventricular dilatation
· Increased shunt volume: increased Left ventricular output to Superior vena cava flow (LVO:SVC) ratio >4 or Left ventricular output to right ventricular output (LVO: RVO) ratio >1.25
· Mitral regurgitation.
· Options for treatment of a haemodynamically significant PDA include: 
· medical treatment cyclo-oxygenase inhibitors (ibuprofen or indomethacin), paracetamol 
· surgical ductal ligation in selected infants in addition to supportive care.
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Alert:
Refer to Neonatal Intensive Care Unit (NICU) drug manual for dosing regimen, precautions and contraindications for each of these drugs.

Non Steroidal Anti Inflammatory Drugs (NSAIDs)
· NSAIDs (indomethacin, ibuprofen) inhibit fatty acid cyclo-oxygenase (COX) which converts arachidonic acid to prostaglandin H2 (PGH2), from which further prostanoids, including prostaglandin E2 (PGE2), are enzymatically derived. Prostaglandin E2 is needed to maintain ductal patency. 
· Indomethacin has a higher risk of NEC and renal side effects compared to ibuprofen. 
· Both drugs can lead to fluid retention and hyponatraemia and appropriate adjustments need to be made to the fluid intake6.
· There is no definite evidence of improved efficacy of one over the other. 
· A 2018 meta-analysis showed higher probability of PDA closure and no increase in adverse outcomes when ibuprofen dose was doubled7.
· Oral ibuprofen is equally effective as intravenous ibuprofen, possibly even more so8.

Paracetamol 
· Paracetamol is a less potent inhibitor of the peripheral cyclo-oxygenase cycle and seems to exert its mode of action mainly through central nervous system receptors and, therefore has a better safety profile when compared to NSAIDs intravenous/per oral (IV/PO). 
· A recent meta-analysis consisting of 1718 neonates from 20 eligible studies showed no significant difference between paracetamol and ibuprofen or indomethacin in the PDA closure rates. However, paracetamol caused fewer renal and gastrointestinal adverse effects9.
· Paracetamol is recommended as first line treatment for PDA closure in our unit
· IV/PO ibuprofen will be the second line drug if paracetamol has failed or is contraindicated.

General Points
Consider repeating scan after three days of paracetamol or after loading dose of ibuprofen/indomethacin. If the PDA has closed or <1 mm in size, withholding remaining doses may be appropriate to limit side effects of medication.
If the baby continues to have a hsPDA and remains symptomatic, a second course of treatment can be given using second line drug (Ibuprofen) unless there is contraindication to use this drug. 
For babies who fail to respond to two courses of therapy, subsequent treatment courses are unlikely to close the PDA. If the baby has ongoing signs of cardiovascular compromise (cardiac failure, difficult to wean off the ventilator, difficulty tolerating feeds), a definitive closure procedure (surgical ligation or transcatheter occlusion) is generally warranted. 
Occasionally, a third course of medical treatment may be prescribed following discussion with the paediatric cardiologist and/or a second Neonatologist if there is delay in organising a definitive closure (transport/bed unavailability).
No more than 2 courses of either first line (paracetamol) or second line (ibuprofen) should be used.
Observe and report any feeding intolerance and/or abdominal distension. Feeding should be continued during PDA treatment unless there are signs of feeding intolerance.
Strict fluid balance chart and daily weights to monitor fluid retention is essential while on Ibuprofen.
In all babies an echocardiogram or CPU should be repeated after the course of treatment has been completed to assess whether the duct has closed to aid further management.
A repeat CPU is not necessary prior to discharge if there are no clinical signs of PDA (eg. murmur) and a previous CPU scan has demonstrated a closed or constricting duct.
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PDA ligation is associated with the adverse outcomes of an increased risk of BPD, Retinopathy of prematurity (ROP) and poor neurodevelopmental outcome10.
PDA ligation should only be considered in select infants after failed medical treatments or where medical treatment is contraindicated (NEC, renal failure, abnormal liver function tests (LFTs)) with ongoing signs of cardiopulmonary compromise.
Transcatheter Device Closure (TCDC) is increasingly preferred over surgical ligation due to avoidance of complications associated with thoracotomy and shorter recovery times. TCDC has been shown to be a safe and effective procedure for closure for hsPDA in preterm infants, including those ≤1000 grams, with minimal complications11.
Need for surgical closure should be discussed with the Paediatric Cardiology team at Westmead Children’s Hospital and on call Neonatologist at The Grace Centre for Newborn Intensive Care, Westmead. Decisions regarding how the PDA should be closed – by surgical ligation or TCDC – are made by the Cardiology and Cardiac Surgery teams at Westmead, often led by an Interventional Cardiologist.
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Respiratory support for improvements in oxygenation and lung compliance can be achieved by increasing positive end-expiratory pressure (PEEP) to levels that maintain optimal recruitment. In addition, this may also reduce left to right ductal flow.
High daily fluid intake contributes to ductal patency. A modest fluid restriction (130-140 ml/kg/day) might help reduce the increased pulmonary fluid burden.
Frusemide can stimulate prostaglandin E2 synthesis and prolong ductal patency. Hydrochlorothiazide does not increase prostaglandin E2 production and is a good alternative to treat fluid overload in preterm infants with a PDA.
Supportive care is commonly used during PDA treatment or following failure of paracetamol/NSAID treatment while awaiting spontaneous closure.
Most PDAs close during the NICU stay, and 75–85% in the first year of life.
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Outcome
· Staff are guided in the screening, treatment and management of PDA. 
· Patients have quality and timely care and treatment if required for a PDA.

Measures
· PDA ligation rates tracked through 3 monthly neonatal mortality and morbidity statistics data. 
· Review conducted by medical officer yearly on 20% neonates <28 weeks gestation (approximately 5 neonates/year) to assess if adherence to policy with regards to clinical scoring and management and then presented at Q+S meeting. 
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Policies
Informed Consent – Clinical 
Medication Handling 
Nursing and Midwifery Board of Australia (NMBA) Requirements for Practice 

Procedures
Infection Prevention and Control
Patient Identification and Procedure Matching 
Venous & Arterial Access: Management in the Department of Neonatology
Neonatal Emergency Transport Service, Australian Capital Territory (NETS ACT) - Back-transfer, Elective Retrievals, Retrievals & Paediatric Stabilisations
Ultrasound and Echocardiogram in the Department of Neonatology - Neonates

Manuals 
· Neonatal Intensive Care Drug Manual

Legislation
Health Records (Privacy and Access) Act 1997
Human Rights Act 2004
Work Health and Safety Act 2011
Carers Recognition Act 2021

Other
•      Australian Charter of Healthcare Rights
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Attachment 1: PDA Clinical Score

Disclaimer: This document has been developed by Canberra Health Services specifically for its own use.  Use of this document and any reliance on the information contained therein by any third party is at his or her own risk and Canberra Health Services assumes no responsibility whatsoever.
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Definition of acronyms used in below table: 
CPAP – Continuous Positive Airway Pressure
MAP – Mean Airway Pressure 
NAVA – Neurally Adjusted Ventilatory Assist
HFOV – High Frequency Oscillation Ventilation 
UOP – Urine Output 
Cr – Creatinine.

	Clinical Scoring

	Criterion
	Points
	Score

	Respiratory
	
	

	CPAP or FiO2 <= 40%
	1 point
	

	MAP <= 8 or FiO2 >40%
	2 points
	

	MAP 9-12, NAVA, or small to moderate pulmonary haemorrhage
	3 points
	

	MAP >12, rescue HFOV, or recurrent or severe pulmonary haemorrhage
	4 points
	

	
	
	

	Cardiovascular
	
	

	Widened pulse pressure, murmur
	1 point
	

	Cardiomegaly or pulmonary oedema on CXR
	2 points
	

	Hypotension requiring 1 inotrope
	3 points
	

	Hypotension requiring >2 inotropes
	4 points
	

	
	
	

	Renal
	
	

	UOP >= 1mL/kg/hr or Cr <=105 umol/L
	0 points
	

	UOP <= 1mL/kg/hr or Cr > 105 umol/L
	1 point
	

	
	
	

	Acidosis
	
	

	pH > 7.25 and/or BE < -7 (HCO3 >16)
	0 points
	

	pH 7.1 - 7.25 and/or BE -7 to -12 (HCO3 11-16)
	1 point
	

	pH < 7.1 and/or BE > -12 (HCO3 < 11)
	2 points
	

	
	
	

	Total
	

	Clinical Score interpretation

	Description
	Range

	Mild
	2 to 3

	Moderate
	4 to 7

	Severe
	8 to 11
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