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Strengths and limitations of this study

 ► This is a well- powered, blinded, randomised con-
trolled trial to determine if early paracetamol will 
reduce the number of infants requiring intervention 
for patent ductus arteriosus (PDA).

 ► The primary outcome is an important clinical out-
come, which is meaningful in everyday practice in 
the neonatal intensive care environment.

 ► Important pharmacological and safety data pertain-
ing to the use of early paracetamol in preterm in-
fants will be collected.

 ► The natural history of PDA would suggest that the 
ductus arteriosus will spontaneously close in a sig-
nificant proportion of these infants, a recognised 
limitation of any study investigating interventions 
for PDA.

AbStrACt
Introduction The optimal management of patent 
ductus arteriosus (PDA) remains contentious. The 
medications used to treat PDA are often non- steroidal 
anti- inflammatory drugs, which are associated with 
a number of unwanted adverse effects. Paracetamol 
is a medication with an excellent safety profile in 
infants and has been suggested as a safe alternative 
medication in situations where other medications have 
failed or are contraindicated. There are limited data on 
the use of early, intravenous paracetamol in preterm 
infants.
Methods and analysis This trial aims to address 
whether early treatment with paracetamol will reduce 
the number of infants requiring intervention for PDA. 
This is a randomised, double- blind, placebo- controlled 
trial in preterm infants <29 weeks’ gestation. At 6 hours 
of life, infants with a ductus arteriosus >0.9 mm 
will be randomised to receive either (1) intravenous 
paracetamol at a dose of 15 mg/kg initially, followed by 
every 6 hours at a dose of 7.5 mg/kg for 5 days; or (2) 
intravenous 5% dextrose every 6 hours for 5 days. The 
primary outcome is the need for any intervention for 
management of PDA up to 5 days. Secondary outcomes 
include closure of the ductus arteriosus at 5 days, size 
of the ductus arteriosus, ductal reopening, systemic 
blood flow, mortality and significant morbidities. The 
target sample size of 100 infants yields >80% power, 
at the two- sided 5% level significance, to detect a 
50% reduction in the need for intervention assuming 
that approximately 60% of infants in this study would 
otherwise have required intervention for PDA.
Ethics and dissemination A report on the results of 
the planned analyses will be prepared. The results of 
the primary analysis of all end points will be presented 
at medical conferences and submitted for publication in 
peer- reviewed journals. Separate manuscripts pertaining 
to the second aim of the study may be written, and 
these will also be submitted for publication in peer- 
reviewed journals.
trial registration number ACTRN12616001517460.

IntroduCtIon
background
The ductus arteriosus is a fetal blood vessel 
that provides a communication between the 
pulmonary artery and the aorta, allowing 
oxygenated blood returning from the 
placenta to be diverted away from the fetal 
lung into the systemic circulation. As the 
newborn infant transitions from fetal to 
neonatal life, this blood vessel will usually 
close spontaneously within the first 72 hours 
of life. In preterm infants, it is very common 
for this physiological process to be delayed 
and the ductus arteriosus remains patent 
(PDA). Part of the process of circulatory 
adaptation at birth involves the pressure in 
the pulmonary circulation falling, allowing 
blood to flow to the lungs for oxygenation. 
A PDA potentially allows blood to flow left to 
right from the systemic circulation into the 
pulmonary circulation. This may result in 
excessive blood flow to the lungs, requiring 

http://bmjopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-031428&domain=pdf&date_stamp=2019-010-29


2 Schindler T, et al. BMJ Open 2019;9:e031428. doi:10.1136/bmjopen-2019-031428

Open access 

increased respiratory support and may also result in poor 
blood flow to the body, providing inadequate blood flow 
to vital organs. More than half of preterm infants <29 
weeks will require some form of intervention for a PDA, 
with four out of five infants born at 24 weeks requiring 
intervention.1

The optimal management of PDA is highly controver-
sial with a lack of consensus regarding the need to treat, 
timing of intervention, the most appropriate pharmaco-
logical agents (including dose, dose intervals, duration, 
repeat courses, routes of administration) and the role of 
surgical intervention. Traditionally, the medications we 
use to treat PDA are non- steroidal anti- inflammatory drugs 
(NSAIDs), which decrease prostaglandin production 
by inhibiting cyclooxygenases (COX). This has a sound 
theoretical basis as persistently high prostaglandin levels 
result in vasodilatation and smooth muscle relaxation, 
which contributes to ductal patency.2 The most commonly 
used medications, indomethacin and ibuprofen, have 
a success rate of approximately 70%–85%.3 4 Unfortu-
nately, these medications are associated with a number 
of unwanted adverse effects due to decreased blood flow 
to the brain, gastrointestinal tract and kidneys. Exposure 
to these medications puts vulnerable preterm infants at 
risk of significant complications such as intestinal perfo-
ration and necrotising enterocolitis. The alternative to 
medications is surgical intervention, which also carries 
significant risks, particularly for extreme preterm infants.

rationale
Paracetamol is a medication with an excellent safety 
profile in infants when used to treat mild to moderate pain 
and fever. Although the mechanism of action of parac-
etamol is not completely understood, part of its spectrum 
of activity resembles that of a COX-2 selective inhibitor. 
Similar to traditional NSAIDs, this results in decreased 
prostaglandin production. It is therefore intuitive that 
this may also be effective in promoting ductal closure 
without the adverse effects associated with NSAIDs.

Early experiences with the use of paracetamol for ductal 
closure have been encouraging. The use of paracetamol in 
the preterm infant for PDA stems from an infant who was 
given paracetamol for other reasons. The treating team 
incidentally noted that the infant’s PDA, which had previ-
ously been unresponsive to medical intervention, closed 
after administration of paracetamol. They then published 
their findings on a small case series of babies with resistant 
PDAs, all of whom responded to paracetamol.5 Twelve 
case reports and two randomised controlled trials have 
since explored the use of paracetamol in the manage-
ment of PDA.6–18 Paracetamol appears to have similar 
efficacy to NSAIDs, without the gastrointestinal complica-
tions associated with NSAIDs, and is well tolerated in the 
preterm infant population. It has been suggested as a safe 
alternative medication in situations where other medica-
tions have failed or are contraindicated.19

The early haemodynamic impact of a large ductus 
arteriosus is evidenced by improvements in short- term 

outcomes seen when NSAIDs are used using an early 
prophylactic or targeted approach to treatment of the 
ductus arteriosus.3 4 20 Although there is reasonable 
evidence of no harm with prophylactic treatment, there 
is an empirical logic in not exposing every infant to any 
medication, particularly in cases where the ductus arteri-
osus is either closed or was going to close spontaneously. 
Further to this, there is a growing interest in a conser-
vative approach to management.21 Many neonatologists 
will therefore attempt to target treatment at those most 
likely to benefit. If paracetamol were to have similar effi-
cacy to NSAIDs without the risk of adverse events, it may 
be possible to improve outcomes for our most vulnerable 
infants by giving early paracetamol to extreme preterm 
infants with a PDA.

Evidence summary
One published randomised controlled trial has compared 
paracetamol with placebo.22 In 48 preterm infants, intra-
venous paracetamol (20 mg/kg loading; 7.5 mg/kg every 
6 hours) was compared with no paracetamol within the 
first 24 hours of life, with a higher closure rate and shorter 
time to closure in the treatment arm and no reported 
adverse events. A systematic review of two randomised 
controlled trials reported comparisons of oral parac-
etamol versus oral ibuprofen for the treatment of an 
echocardiographically diagnosed PDA in 250 infants born 
preterm (≤34 weeks postmenstrual age). The success rate 
for paracetamol to close a PDA was similar to that of 
ibuprofen. Adverse events were similar in both groups. 
However, in general the trends favoured infants who 
received paracetamol and additionally the adverse events 
were lower in the paracetamol group.23 A second system-
atic review of studies involving the use of paracetamol in 
preterm infants reported on 16 studies: two randomised 
controlled trials and 14 uncontrolled studies. The quality 
of selected studies was rated as poor. The majority of 
studies use 15 mg/kg every 6 hours for 3–7 days. Propor-
tion meta- analysis of uncontrolled studies demonstrated a 
pooled ductal closure rate of 49% (95% CI 29% to 69%) 
and 76% (95% CI 61% to 88%) after 3 and 6 days of treat-
ment with paracetamol, respectively.24

Aim
1. To study the effect of early treatment of PDA with 

paracetamol.
2. To examine the safety and efficacy profile of parac-

etamol during the early postnatal period.

Hypotheses
We hypothesise that:
1. Early treatment with paracetamol will reduce the num-

ber of infants requiring intervention for PDA.
2. The use of paracetamol in preterm infants with a PDA 

will result in a higher rate of ductal closure compared 
with placebo.

3. Paracetamol can be used safely in preterm infants 
during the early postnatal period.
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Table 1 Trial synopsis

Study title Early PARacetamol to promote early closure of the ductus arteriosus

Study aims 1. To study the effect of early treatment of patent ductus arteriosus with paracetamol
2. To examine the safety and efficacy profile of paracetamol during the early postnatal period

Outcomes Primary: any intervention for management of PDA up to 5 days
Secondary: closure of ductus arteriosus at 5 days; size of ductus arteriosus at 48 hours and 5 days; ductal reopening 
during admission; ductus arteriosus parameters; systemic blood flow measurements; adverse events during the treatment 
period; mortality; significant morbidities

Design Double- blind, placebo- controlled, parallel, two- arm, randomised, phase II single- centre trial, stratified by gestational age 
and size of ductus at initial assessment

Inclusion criteria 1. Babies <6 hours old
2. Born <29 weeks’ gestation
3. Ductus arteriosus ≥1.0 mm; <30% R- L shunt
4. Informed parental consent

Exclusion criteria 1. Known congenital anomalies
2. Haemodynamic instability (>1 ionotropic agent)
3. Abnormal baseline liver function
4. Clinician decision to give indomethacin prophylaxis
5. Ductus arteriosus <1.0 mm; ≥30% R- L shunt

Intervention Intervention: intravenous paracetamol 15 mg/kg loading; 7.5 mg/kg maintenance
Control: intravenous 5% dextrose 1.5 mL/kg loading; 0.75 mL/kg maintenance

Study product Active: paracetamol 10 mg/mL
Placebo: 5% dextrose

Treatment schedule Loading dose to be given at 6 hours after clinician performed ultrasound; maintenance doses to be given every 6 hours for 
total 5 days
Routine assessments to be performed at 48 hours and 5 days
The treating team will manage infants enrolled in the study as they would manage any other infant. If there is a clinical 
decision that a PDA requires intervention, based on either a routine assessment or otherwise, the trial intervention will be 
discontinued. Intervention and ongoing management will then be at the discretion of the treating neonatologist

Preparation Both paracetamol and 5% dextrose are clear, colourless and indistinguishable. 1.5 mL/kg (loading) or 0.75 mL/kg 
(maintenance) of active treatment or placebo will be prepared and administered as per hospital protocol for paracetamol

Blood samples Liver function tests to be added routine blood tests; paracetamol levels to be added to blood tests on day 2 and day 5; all 
blood tests should be add- ons, no additional blood samples are required

Sample size n=100; 50/group; assuming that approximately 60% of infants in this study would otherwise have required intervention 
for PDA, a sample size of at least 42 infants per group would be required to detect a 50% reduction in the need for 
intervention, with 95% CI and power of 80%

PDA, patent ductus arteriosus.

MEtHodS And AnAlySIS
trial design
Double- blind, placebo- controlled, parallel, two- arm, 
randomised, phase II single- centre trial, stratified by 
gestational age and size of ductus at initial assessment. A 
trial synopsis (table 1) and flowchart (figure 1) summarise 
the trial design.

Eligibility criteria
Preterm infants will be screened for eligibility on admis-
sion to the newborn intensive care unit. To be eligible 
for the study, infants must meet the following inclusion 
criteria: infants born at <29 weeks’ gestation; less than 
6 hours old; ductus arteriosus ≥1.0 mm with <30% right to 
left shunt. Exclusion criteria are known congenital anom-
alies, haemodynamic instability (>1 ionotropic agent), 
abnormal baseline liver function (transaminases >50% 
above upper reference range or bilirubin above local 
guideline for exchange transfusion), clinician decision 
to give indomethacin prophylaxis, and ductus arteriosus 

<1.0 mm or ≥30% right to left shunt. Infants of multiple 
births are eligible and will be randomised individually.

Initial assessment
Eligible infants will be assessed at 6 hours of life after 
obtaining parental consent. A clinician performed cranial 
and cardiac ultrasound will be attended by the medical 
team. All images will be reviewed by a neonatologist 
credentialled with a Certificate in Clinician Performed 
Ultrasound. At this time point, and at each subsequent 
assessment point, a number of ultrasound parameters will 
be documented, summarised in table 2.

Intervention
Infants who meet all inclusion criteria and who have a 
demonstrable ductus arteriosus that is shunting predom-
inantly left to right (implying normal circulatory adapta-
tion) will be randomised to receive either (1) intravenous 
paracetamol at a dose of 15 mg/kg initially, followed by 
every 6 hours at a dose of 7.5 mg/kg for 5 days; or (2) intra-
venous 5% dextrose every 6 hours for 5 days. Intravenous 
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Figure 1 Trial flowchart. IVH, intraventricular haemorrhage; 
PDA, patent ductus arteriosus.

Table 2 Ultrasound (US) information collected at each 
assessment point

Cardiac US Head US

Ductus arteriosus parameters
 ► Size, flow pattern
 ► Diastolic flow in descending 
aorta
(retrograde/absent/antegrade)

 ► Left pulmonary artery diastolic 
velocity

Intraventricular 
haemorrhage

 ► Presence or absence
 ► Grade if present

Systemic blood flow measurements
 ► Left ventricular output
 ► Right ventricular output
 ► Superior vena cava blood flow

Other pathology
 ► Other intracranial 
bleeding

 ► Periventricular 
leukomalacia

paracetamol and 5% dextrose will be prepared in iden-
tical syringes. Both preparations are clear, colourless and 
have no identifiable differences. All doses of trial medi-
cation will be prepared and checked by the nursing team 
leader and a registered nurse who is not looking after the 
infant.

Paracetamol dosing
The decision on the paracetamol dose regimen required 
careful consideration as the data regarding pharmacoki-
netics, pharmacodynamics and toxicity of paracetamol 
in extremely preterm infants is limited. Dose regimes of 
15 mg/kg every 6 hours have been used in most published 
data investigating treatment of PDA using intravenous 
paracetamol.12–16 However, the concern with regular 
high- dose paracetamol is the potential for hepatotoxicity 
due to accumulation of toxic metabolites, particularly in 

the immediate neonatal period when paracetamol clear-
ance may be low. Based on pharmacokinetic prediction 
modelling, it is likely that a modest loading dose followed 
by a more conservative regular dose will quickly achieve 
a good median paracetamol concentration at levels that 
will optimise safety.25 It is important to acknowledge, 
however, that the target concentration for ductal closure 
is unknown. The selected paracetamol regimen was based 
on a combination of doses used in previous studies and 
pharmacokinetic prediction modelling. Paracetamol 
concentrations are predicted to be 13 mg/L, 11 mg/L 
and 10 mg/L for infants weighing 0.5 kg, 1.0 kg and 1.5 kg, 
respectively.25

randomisation
Randomisation will be achieved by using randomly 
generated treatment allocations within sealed opaque 
envelopes. Randomisation will be stratified based on 
gestational age (23–25 weeks; 26–28 weeks) and size of 
ductus arteriosus (≤1.5 mm; >1.5 mm) at initial assess-
ment. All clinical staff looking after the infants will be 
blinded as to the study group assignment. Infants with 
major intraventricular haemorrhage will be excluded 
before randomisation.

unblinding
Blinding of families to treatment allocation will be main-
tained throughout the trial. Unblinding is not generally 
necessary for the management of a participant with an 
adverse event and this is strongly discouraged. If the 
treating team felt that unblinding were necessary, they 
are encouraged to discuss this with one of the principal 
investigators.

routine assessments
All infants will be routinely assessed at 48 hours of life 
with cranial and cardiac ultrasound. These results will 
be communicated with the treating team who will decide 
whether any PDA requires intervention. The trial inter-
vention will be discontinued if there is evidence of 
significant pulmonary hypertension (defined by either 
suprasystemic pulmonary pressures or >30% right to left 
ductal shunt). The treatment course will be completed in 
cases where the ductus arteriosus appears to be closing 
or is closed. A final routine assessment will performed 
at the end of the treatment course (5 days). Additional 
interim assessments may be performed as clinically indi-
cated. At all times, infants will remain under the care of 
the treating neonatologist. Clinical decisions, including 
PDA management, will always be at the discretion of the 
treating team. Ongoing management of the PDA after 
5 days will continue as per the treating team.

As a guide for the treating team, the following criteria 
should be met before considering rescue treatment:

 ► The infant should have a clinically apparent PDA on 
the basis of physical signs such as murmur, active prae-
cordium or full pulses.
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 ► The infant should have clinical features that suggest 
the PDA is having a clinical impact such as ionotrope- 
resistant hypotension, pulmonary haemorrhage, venti-
lator dependence, respiratory instability including 
increasing apnoea and rising oxygen requirements or 
feed intolerance (unable to tolerate minimal enteric 
feeds).

 ► Ultrasound findings should confirm patency with 
significant shunt defined by:
 – Diameter at narrowest point of more than or equal 

to 2.0 mm with one or more of the following:
 – Reversed diastolic flow in the postductal de-

scending aorta.
 – Increased velocity in the left pulmonary artery 

(diastolic >0.2 m/s, mean >0.45 m/s).
 – Dilation of the left atrium and/or left ventricle 

(>1.4:1).

data collection
The following variables will be recorded for infants 
included in the study: demographic data, gestational 
age, birth weight, birth weight percentile, sex, mode of 
delivery, Apgar score at 5 min, plurality, exposure to ante-
natal steroids, maternal history of hypertensive disease of 
pregnancy, antepartum haemorrhage or chorioamnion-
itis. Clinical outcomes will be assessed at discharge.

outcomes
Primary
1. Any intervention for management of PDA up to 5 days.

Secondary
1. Closure of ductus arteriosus at 5 days.
2. Size of ductus arteriosus at 48 hours and 5 days.
3. Ductal reopening during admission.
4. Ductus arteriosus parameters.
5. Systemic blood flow measurements.
6. Adverse events during the treatment period.
7. Clinical outcomes including mortality and significant 

morbidities (pulmonary haemorrhage, necrotising 
enterocolitis, early- onset sepsis, late- onset sepsis, intra-
ventricular haemorrhage, periventricular leukomala-
cia, chronic lung disease, retinopathy of prematurity, 
hepatic impairment, renal impairment).

outcome data definitions
 ► Pulmonary haemorrhage: any blood suctioned from 

the trachea.
 ► Necrotising enterocolitis: necrotising enterocolitis 

proven either radiologically or at surgery (≥stage II 
Bells).

 ► Early- onset sepsis: clinical picture consistent with 
sepsis within the first 48 hours of life and a positive 
bacterial or fungal culture of blood and/or cerebro-
spinal fluid.

 ► Late- onset sepsis: clinical picture consistent with sepsis 
after the first 48 hours of life and a positive bacterial 
or fungal culture of blood and/or cerebrospinal fluid.

 ► Intraventricular haemorrhage: worst grade of intra-
ventricular haemorrhage using Papile Classification26 
seen on either side of the head by imaging or post-
mortem examination.

 ► Chronic lung disease: any respiratory support at 36 or 
40 weeks’ corrected gestational age.

 ► Retinopathy of prematurity: the worst stage as 
described by the Committee for Classification of 
Retinopathy of Prematurity.27

 ► Hepatic impairment: transaminases >50% above 
upper reference range.

 ► Renal impairment: creatinine >50% above upper 
reference range.

rescue treatment and discontinuation of intervention
The treating team will continue to manage infants 
enrolled in the study as they would treat any other infant. 
If there is a clinical decision that a PDA requires interven-
tion, based on either the routine assessment at 48 hours 
of life or otherwise, the trial intervention will be discon-
tinued. Intervention and ongoing management will then 
be at the discretion of the treating neonatologist.

other medications
Participants in the trial may receive any medications 
required, either routine medications given in the context 
of prematurity or medications for comorbid conditions. 
Off- protocol use of paracetamol or any NSAIDs is not 
permitted while participants are still receiving the trial 
medication. If there is a clinical decision that a PDA 
requires intervention at any time point, this constitutes 
treatment failure and the treating neonatologist may use 
any medication that they deem appropriate, including 
paracetamol. Any medication known to cause liver 
dysfunction should be used with caution while partici-
pants are receiving the trial medication.

Statistical analysis
All tests of the effect of treatment on outcomes will be 
conducted on an intention- to- treat basis. That is, all 
randomised patients will be analysed in the group to 
which they were randomised regardless of whether they 
received the assigned treatment and regardless of any 
protocol deviations or violations. Analyses of outcome 
variables will, however, exclude data from infants who 
withdraw from study treatment and withdraw consent for 
use of their data. All primary statistical analyses will be 
unadjusted and tests of significance will be two sided. Any 
departures from intention to treat will be documented 
and reported.

Sample size
With regard to sample size calculation, we propose the 
following:

Assuming that approximately 60% of infants in this 
study would otherwise have required intervention for 
PDA,1 a sample size of at least 42 infants per group would 
be required to detect a 50% reduction in the need for 
intervention, with a 95% CI and a power of 80%.
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Figure 2 Flowchart of progression through the trial.

Calculation based on the following28:
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Trial profile
A CONSORT- style flow diagram will illustrate infant 
progression through the trial from initial screening for 
eligibility to completion of the primary outcome assess-
ment (see figure 2).

Infant characteristics and baseline comparisons
Demographic and other baseline characteristics will be 
summarised by assigned treatment group. Categorical 
variables will be summarised by frequencies and percent-
ages. Percentages will be calculated according to the 
number of patients for whom data are available. Where 
values are missing, the denominator will be reported. 
Continuous variables will be summarised by mean and 
SD as well as by quartiles. Differences between groups will 
be determined by χ2 or Fisher’s exact test for categorical 
data, t- test for parametric continuous data and Wilcoxon 
rank- sum test for non- parametric continuous data.

Analysis of the primary outcome
Any intervention for management of PDA up to 5 days
The need for medical or surgical intervention will be 
assessed as a binary outcome for each infant. Data will be 
analysed by treatment group using a χ2 or Fisher’s exact 
test as appropriate.

Analysis of secondary outcomes
Closure of ductus arteriosus at 5 days
Closure of the ductus arteriosus will be assessed as a 
binary outcome for each infant. Data will be analysed 

by treatment group using a χ2 or Fisher’s exact test as 
appropriate.

Size of ductus arteriosus at 48 hours and 5 days
The size of the ductus arteriosus will be measured in 
millimetres. Means and SD or medians and IQRs will be 
reported, as appropriate. A t- test or Wilcoxon rank- sum 
test will be used depending on the distribution of data. 
The flow pattern will be categorised into one of bidirec-
tional, growing, pulsatile, closing or closed. Differences 
between groups will be determined by χ2 or Fisher’s exact 
test as appropriate.

Ductal reopening during admission
Ductal reopening will be assessed as a binary outcome 
for each infant. Data will be analysed by treatment group 
using a χ2 or Fisher’s exact test as appropriate.

Ductus arteriosus parameters (excluding size and pattern)
Diastolic flow in the descending aorta will be categorised 
into one of retrograde, absent or antegrade. Differences 
between groups will be determined by χ2 or Fisher’s 
exact test as appropriate. Left pulmonary artery diastolic 
velocity will be measured in metres per second. Means 
and SD or medians and IQRs will be reported as appro-
priate. A t- test or Wilcoxon rank- sum test will be used 
depending on the distribution of data.

Systemic blood flow measurements
Measures of systemic blood flow will be measured in milli-
litres per kilogram per minute. Means and SD or medians 
and IQRs will be reported, as appropriate. A t- test or 
Wilcoxon rank- sum test will be used depending on the 
distribution of data.

Clinical outcomes including mortality and significant morbidities
Clinical outcomes will be defined as present or absent for 
each infant. Each binary clinical outcome will be analysed 
by treatment group using a χ2 or Fisher’s exact test as 
appropriate.

Analysis of safety outcomes
Safety outcomes will be defined as present or absent for 
each infant. Each binary safety outcome will be analysed 
by treatment group using a χ2 or Fisher’s exact test as 
appropriate.

Subgroup analysis
The following subgroup analyses are pre- specified:

 ► Size of ductus arteriosus compared with median at 
initial assessment (≤1.5 mm; >1.5 mm).

 ► Gestational age groups (23–25 weeks; 26–28 weeks).

Interim analysis
An interim analysis and review of the study by the data 
and safety monitoring board will be performed at 50% 
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recruitment. The criteria for stopping the trial at this 
point are as follows:

 ► Reported serious adverse events (SAEs) in the 
treatment arm using Haybittle- Peto rule of 3 SDs 
(2p=0.003).

 ► Stopping for benefit will be based on Haybittle- Peto 
rule of 3 SDs (2p=0.003).

 ► Stopping for harm will use a two- sided alpha of 0.01.

Patient and public involvement
Running for Premature Babies is a registered charity that 
supports the research needs of the Royal Hospital for 
Women’s Neonatal Intensive Care Unit. The Running for 
Premature Babies group is supporting this study and was 
engaged at study conception through the charity founder, 
ex- parent Sophie Smith. The research question and trial 
proposal were discussed in detail, including how partici-
pation in the study would impact on infants enrolled in 
the trial. Progress reports have been and will continue to 
be provided to this group at regular intervals.

The Royal Hospital for Women’s Quality and Patient 
Safety Committee, which includes consumer representa-
tion, has also been involved since study conception. The 
committee reviewed the study and approved the concept 
and design of the study, which included the trial’s accept-
ability to participating infants and their families. The 
Royal Hospital for Women Foundation, a fundraising 
team dedicated to the Royal Hospital for Women, has also 
been engaged and supports the conduct of this study.

The results of this study will be made available to any 
participating family by request. A lay summary of the 
results will be prepared specifically for this purpose. 
Running for Premature Babies and the Royal Hospital 
for Women have both provided their members and 
supporters study information in the form of lay informa-
tion on their respective websites, emails and newsletters. 
Both organisations will be invited to similarly disseminate 
the results of the study when available at the conclusion 
of the study.

EtHICS And dISSEMInAtIon
Ethics
This study is conducted according to the Note for guid-
ance on Good Clinical Practice (CPMP/ICH/135/96) 
annotated with TGA comments DSEB, July 2000, section 4 
and the NHMRC National Statement on Ethical Conduct 
in Human Research.

Consent
Parents of eligible infants are informed of the purpose 
of the study, what is involved, the possible risks of study 
participation, the voluntary nature of participation, the 
right to withdraw and protection of confidentiality by 
the investigators. The parents are provided with a written 
information sheet (see online e- supplemental 1), and 
evidence of informed consent is obtained in writing.

Safety
Monitoring
Daily liver function tests will be used to monitor infants 
for evidence of hepatotoxicity. The trial intervention will 
be discontinued in the event of liver dysfunction (trans-
aminases >50% above upper reference range or bilirubin 
above local guideline for exchange transfusion). Parac-
etamol levels will also be checked on day 2 and day 5 to 
investigate the pharmokinetics of paracetamol in this 
population. These results will not be made available to 
clinical staff or study personnel. In the event of a parac-
etamol level >500 µmol/L (75 mg/L), the trial manage-
ment committee will be notified immediately and the trial 
intervention will be discontinued.

Trial discontinuation
The trial intervention will be discontinued in the event 
of any significant adverse events including intestinal 
perforation, necrotising enterocolitis, suspected sepsis, 
major intraventricular haemorrhage and periventricular 
leukomalacia. All events that result in trial discontinu-
ation will be reported immediately to the trial manage-
ment committee.

data and safety monitoring board
A data and safety monitoring board (DSMB) will monitor 
the progress of the study following a specific charter 
(see online e- supplemental 2). The trial management 
committee is responsible for reporting all SAEs, including 
suspected unexpected serious adverse reactions, to the 
DSMB.

data management
The study will be conducted in accordance with appli-
cable Privacy Acts and Regulations. All information will 
be stored securely at the Department of Newborn Care, 
Royal Hospital for Women. It will only be available to staff 
directly involved with the study. Access to anonymised 
data, or other study materials, by other parties will be at 
the discretion of the trial management committee. All 
study- related documentation will be maintained for 7 
years following completion of the trial.
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