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Background: A patent ductus arteriosus (PDA) is common among preterms, and prophylactic medical
treatment has been advocated as the first-line approach. Conservative treatment may result in similar
outcome, but without exposure to the harmful side effects of medication. A retrospective analysis revealed a
ductal closure rate of 94% after conservative treatment with adjustment of ventilation (lowering the inspiratory
time and increasing positive end expiratory pressure) and fluid restriction.
Objective: To study prospectively over one year the rate of PDA closure, and morbidity and mortality
following conservative treatment.
Method: Prospective study (1 January 2005 – 31 December 2005) including 30 newborns (30 weeks’
gestation, all of whom were being ventilated and required surfactant. Echocardiography was performed 48–
72 h after birth. Clinically important PDA was conservatively treated as described above. The percentage of
children with PDA, ductal ligation and major complications was determined.
Results: Ten neonates (33%) developed a clinical important PDA. Following conservative treatment the duct
closed in all neonates (100%), and none required ductal ligation or medical treatment. The rates of major
complications were no higher than those reported by the Vermont Oxford Network and in the literature.
Conclusion: The managed care plan resulted in an overall ductal closure rate of 100%. These results suggest
that conservative treatment of PDA is a worthy alternative to prophylactic medical treatment.

T
he ductus arteriosus closes spontaneously in most full-term
infants during the first three days of life, but in preterm
neonates it often fails to close. The incidence of patent

ductus arteriosus (PDA) in preterm neonates varies from 40%
to 60% on the third day of life, depending on estimated
gestational age. Therefore, it continues to be one of the
commonest problems in preterm neonates.1–9

It is important to make distinguish between a clinically
significant and non-significant PDA.1 2 5 10 A clinically impor-
tant PDA is characterised by respiratory problems with
ventilation difficulties, metabolic acidosis, and pulmonary
congestion with tachycardia and bounding pulses. The con-
sequence of this left-to-right shunt is an increased risk of
complications, including intraventricular haemorrhage (IVH),
necrotising enterocolitis (NEC), chronic lung disease (CLD) and
death. Hence, PDA affects key outcome variables of early
preterm life.3 5 11–15

Currently, many preterm care units implement systematic
treatment of PDA with ibuprofen or indometacin. On the basis
of studies comparing the efficacy and safety of both drugs,
ibuprofen has been proposed as the drug of choice: the rate of
closure of PDA was comparable with both drugs, but ibuprofen
was associated with fewer side effects.1 4 12 16 However, con-
troversy still exists about the optimal timing for starting
ibuprofen (prophylactic or therapeutic).17 An important issue
is the lack of documentation of side effects, especially long term
side effects following its prophylactic use.6 17 Moreover, its value
is still questionable, as data remain scanty on the outcome of
PDA following conservative treatment according to current
standards.5–11 15–18 Current conservative treatments include
adjustment of ventilation by reducing inspiratory time and
giving more positive end expiratory pressure (PEEP), and fluid
restriction not exceeding 130 ml/kg a day beyond day 3.2 With
the use of this procedure, we have noticed a high closure rate of
PDA at our centre. Therefore, with the aim of establishing the

best possible managed care plan, we prospectively quantified
the outcome of PDA closure and its complications in our
preterm population, and evaluated whether prophylactic
ibuprofen is needed.

METHODS
We retrospectively analysed all medical records in the neonatal
intensive care unit at the hospital of Genk, Belgium, from 1
January 1999 to 31 December 2004 (fig 1; table 1). PDA was
initially clinically diagnosed based on the detection of murmur,
deterioration of respiratory function, metabolic acidosis and/or
blood pressure problems. Treatment was started on a clinical
basis, and the diagnosis was confirmed by echocardiography
(DA diameter >1.4 mm, completed with Doppler colour flow).
After conservative treatment, the remaining patency of PDA
was confirmed echocardiographically. If the duct had failed to
close, it was ligated.

On the basis of the excellent results of the retrospective
analysis a managed care plan was developed. We then
undertook a prospective study in our neonatal unit from 1
January 2005 to 31 December 2005. Neonates were eligible if
born at (30 weeks’ gestation, if they were being ventilated and
required surfactant replacement. Echocardiography was carried
out for every neonate 48–72 h after birth. All infants with PDA
were treated following our centre’s standard protocol as soon as
a diagnosis of an haemodynamically important PDA was made
(DA diameter >1.4 mm, completed with Doppler colour flow):
conservative treatment consisting of fluid restriction (max-
imum 130 ml/kg a day beyond day 3) and adjustment of
ventilation by lowering inspiratory time to as low as 0.35 s, and

Abbreviations: CLD, chronic lung disease; IVH, intraventricular
haemorrhage; NEC, necrotising enterocolitis; PDA, patent ductus
arteriosus; PEEP, positive end expiratory pressure
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giving higher PEEP (as high as 4.5 mbar). (Usual practice in
our ward includes inspiratory time 0.4–0.45 s and PEEP 3.5–
4.0 mbar.) For a PDA that did not show clinical improvement
and/or deteriorated, and for continuing need for ventilatory
support, ductal ligation was carried out. All other PDAs closed
with conservative treatment. We did not use any medication for
prophylactic or therapeutic treatment of PDA.

Outcome was assessed by analysing the percentage of
children with PDA, ductal ligation and major complications.
The rate of occurrence of NEC (Bell staging 2–3), IVH grade 3,
CLD n-continuous positive airways pressure (nCPAP) and/or
oxygen need beyond 36 weeks’ gestational age) and death were
compared with data from the Vermont Oxford Network and the
data on outcome with ibuprofen and/or indometacin, as
provided by Orphan-Europe (http://www.Orphan-europe.
com).19–26

RESULTS
Patent ductus arteriosus
A total of 30 neonates (46% boys, 54% girls; mean gestational
age 26.6 weeks (range 25–30 weeks); mean birth weight 994 g
(600–1484 g)) were included in the analysis (fig 2). The infants
with and without PDA did not differ significantly with regard
to birth weight and gestational age (Mann Whitney U test,
fig 3). The median gestational age of two groups was 27
(interquartile range 26–28) weeks and 28 (interquartile range
26–30) weeks, respectively. The median birth weight of the
group with PDA was 1010 g (interquartile range 825–1425 g)
and of the group without PDA was 926 g (interquartile range
785–1208 g). Figure 2 illustrates the outcome of the study
population: 20 neonates (67%) had no clinical significant PDA
and therefore received no extra treatment. Clinically important
PDA was found in 10 neonates (33%). Adjustment of
ventilation and fluid restriction led to closure of all PDAs.
Ductal ligation was not needed.

Complications
Overall, none of the infants in this series developed NEC; 2%
developed IVH and 7% developed CLD (Table 2). According to
the records, total mortality (any cause) added up to 12% during
stay in the unit.

DISCUSSION
PDA continues to be a common problem among preterm
infants. Although many studies have been published on
medical and surgical treatment, only few studies have
evaluated the outcome of current conservative treatment that
includes adjusting ventilation and fluid restriction. Moreover,
ibuprofen appears to have been mainly evaluated against
indometacin, and prophylactic studies seem to have defined
success by the status of ductal closure on day 3 of life, rather
than considering the overall outcome.17

Figure 1 Occurrence of patent ductus arteriosus (PDA) in 109
conservatively managed preterm neonates (30 weeks’ gestation,
requiring ventilation and surfactant treatment (retrospective analysis). PEEP,
positive end expiratory pressure; Ti, inspiratory time.

Table 1 Complications in 109 conservatively managed
preterm neonates (30 weeks’ gestation, requiring
ventilation and surfactant treatment: comparison with data
from the Vermont Oxford Network

Proportion (%) of neonates with
complications

Conservative
treatment*
(N = 109)

Medical treatment�
(reference database)

Necrotising enterocolitis 0 4–6
Intraventricular haemorrhage
grade 3

7 6–7

Chronic lung disease 8 18–28
Death 13 12

*See Methods: Adjusment of ventilation and fluid restriction, and if PDA still
present, ductal ligation carried out
�Range based on data from the Vermont Oxford Network and data on
outcome with ibuprofen and/or indometacin, as provided by Orphan
Europe (http://www.Orphan-europe.com).19–26

Figure 2 Flow chart of prospective study of occurrence of patent ductus
arteriosus (PDA) in 30 conservatively managed preterm neonates (30
weeks’ gestation, requiring ventilation and surfactant treatment. PEEP,
positive end expiratory pressure; Ti, inspiratory time.
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In our population of preterm babies of (30 weeks’ gesta-
tional age, 72% had spontaneous closure of PDA. The children
who had a clinically important PDA (28%) (echocardiographi-
cally confirmed) were all conservatively treated as soon as
diagnosis was made. With fluid restriction to a maximum of
130 ml/kg/day beyond day 3 and adjustment of ventilation by
decreasing inspiratory time and increasing PEEP, the PDA
closed in another 22%, resulting in a total closure rate of 94%.
This rate compares well with the rates reported in literature
following medical treatment (80–92%).1 2 6 13 15 16 18

Given that our retrospective analysis revealed a PDA closure
rate of 94% after conservative treatment, we wondered whether
prophylactic ibuprofen, the currently recommended drug of
choice, was indicated. We postulated that a high rate of PDA
closure could be achieved with conservative treatment, thereby
avoiding potential side effects of medical treatment. Our
excellent retrospective results were confirmed in the prospec-
tive study with even more convincing results (an overall closure
rate of 100%).

Ibuprofen is widely used for prophylaxis. Compared with
indometacin, it is associated with a lower risk of oliguria.12

Prophylactic use of ibuprofen has no major influence on
reducing morbidity or the need of surgical PDA closure.11

Importantly, one study showed an increased risk of pulmonary
hypertension and had to be terminated early.6 An increased
incidence of NEC was also reported in the treatment group in
that study.6 Hammerman and Kaplan recently observed that

‘‘ibuprofen is not as benign as implied by much of the PDA
literature’’: early postnatal administration in small premature
neonates may be associated with more complications than later
therapeutic use, after further postnatal maturation.17 The 2003
Cochrane systematic review on ibuprofen prophylaxis con-
cluded that although prophylactic ibuprofen use reduces the
incidence of PDA on day 3, the potential adverse effects should
be further addressed, along with neurodevelopmental out-
comes.11

Our results indicate that ibuprofen prophylaxis would have
unnecessarily exposed the majority of our preterm neonates to
the risk of side effects. At least for the acute treatment of PDA,
a Cochrane review in 2003 concluded that the data on net
benefit/harm were insufficient to conclude whether surgical
ligation or medical treatment is preferred as initial treatment
for symptomatic PDA in preterm infants.3 As the rate of
complications in our study population compared well with the
currently established reference rates using medication (table 1
and 2), our findings further support our approach (figs 1 and 2)
as a favourable alternative to medication prophylaxis and a
valid managed care plan.

In conclusion, the rate of PDA closure achieved with
conservative treatment at our centre was comparable to the
rates previously reported with drug prophylaxis. Although our
approach resulted in a similar risk profile for major complica-
tions, it did so without exposing the neonates to potential side
effects of drug treatment. The results of our retrospective
analysis were confirmed prospectively with even better results.
Therefore, we postulate that prophylactic use of ibuprofen is
not indicated and that conservative treatment by means of
adjusting ventilation (inspiratory time as low as 0.35 s and
PEEP as high 4.5 mbar) and fluid restriction (130 ml/kg/day
beyond day 3) is a more favourable alternative, following the
first law of medicine ‘‘primum non nocere’’.

Figure 3 Distribution of infants with and without a patent ductus arteriosus
(PDA) according to gestational age.

Table 2 Occurrence of complications in 30 conservatively
managed preterm neonates (30 weeks’ gestation,
requiring ventilation and surfactant treatment: comparison
with data from the Vermont Oxford Network

Proportion (%) of neonates developing
complications

Conservative
treatment*
(N = 30)

Medical treatment�
(reference database)

Necrotising enterocolitis 0 4–6
Intraventricular haemorrhage
grade 3

2 6–7

Chronic lung disease 7 18–28
Death 12 12

*See Methods: Adjustment of ventilation and fluid restriction, and if PDA still
present, ductal ligation.
�Range based on the data from the Vermont Oxford Network and data on
outcome with ibuprofen and/or indometacin, as provided by Orphan
Europe (http://www.Orphan-europe.com).19–26

What is already known on this topic

N Many preterm care units implement systematic treatment
of patent ductus arteriosus (PDA) with ibuprofen or
indometacin. Ibuprofen has been proposed as the drug
of choice as closure rates of PDA are comparable with
both but ibuprofen is associated with fewer side effects.

N Controversy still exits about the optimal timing for starting
this treatment (prophylactic or therapeutic).

N There is a lack of documentation of side effects following
prophylactic use of ibuprofen, especially in the long term.

N Its value remains questionable, as data are scanty on the
outcome of PDA following conservative treatment
according to current standards.

What this study adds

N The results of this study do not support the use of
pharmacological treatment with ibuprofen, as proposed
by some centres.

N Conservative treatment avoids exposure of preterm
infants to potential side effects of medication.

N This findings of this study are therefore relevant to the
international medical community.
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To confirm our results, we recommend carrying out
prospective multicentre randomised controlled trials with larger
patient samples comparing conservative treatment (with
placebo) with pharmacological treatment.
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