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prematurity so that association with PDA is mostly
coincidental and not causal3. Although short-term
outcomes like intraventricular haemorrhage (IVH)
were seen to be reduced with prophylactic ‘any
PDA’ closure using indomethacin, there was no
marked difference in overall morbidity and
mortality. Moreover, no marked difference was
noted in neuro-developmental outcome at 18
months, corrected for age, in treated and untreated
survivors8.
With
continuously
improving
management of respiratory morbidities and other
issues of preterm babies, the profile of NICU
environment is very different now to what it was 3
to 4 decades back. In older studies, the concept of
haemodynamically significant PDA was not in
usage. Thus, the results of older studies (which
included all PDAs) are not comparable to studies on
PDAs in today’s neonatal management. This casts
doubt on the practice of treating ‘all PDAs’ and
exposing preterm neonates to the risks associated
with medical or surgical management9. Thus, today,
it is not right to blame PDA only, for all the
morbidity caused by it.

Introduction
Patent ductus arteriosus (PDA) is a frequently
diagnosed entity in preterm babies. Incidence of
PDA increases as the gestational age at birth
decreases1. It has been implicated as a contributor to
many neonatal morbidities associated with
pulmonary
hyper-perfusion
(pulmonary
haemorrhage, chronic lung disease) or systemic
hypo-perfusion (necrotising enterocolitis, acute
renal failure)2. During the last few decades,
echocardiography (echo) and functional sonography
have revolutionized neonatal care. Managing PDA
using echo is the current standard of care3.
Biochemical markers of cardiac origin are also being
evaluated4.
Cyclooxygenase
inhibitors
indomethacin and ibuprofen have been in use for
medical closure of PDA5,6. Lately, management of
PDA has become largely conservative, focusing on
treating only the haemodynamically significant
shunts and questions such as when and how to
manage PDA, are now being re-addressed in the
Western countries3,7. There is a gross lack of echo
facilities in the majority of neonatal intensive care
units (NICUs) in developing nations. This article
discusses the current understanding and the
dilemmas of management of PDAs in the resource
poor environment of developing nations.

Spontaneous closure of PDA
In an observational study on the course of untreated
PDAs, more than 90% of healthy preterm (28 to 30
weeks gestation) babies were observed to have
spontaneous closure by the time of discharge10. In
another study, around 75% of babies below 28
weeks gestation (<1000g), had spontaneous closure
by the first birthday but with some symptoms
associated with an open duct11. These studies signify
that we do not need to treat all PDAs. This approach
will definitely save a lot of babies from unwanted
side effects of the currently approved medical
armamentarium for PDA closure.

Current understanding of PDA treatment
PDA as a cause of morbidity
Because neonatal morbidities like necrotising
enterocolitis (NEC) and chronic lung disease (CLD)
are multi-factorial, how much PDAs actually
contribute to their causation is unclear. These
morbidities are also independently associated with
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Whom to treat
As discussed above, many cases of PDA close by
themselves and there is hardly any long-term benefit
for prophylactically treated babies. Thus, in the last
2 decades, due to the use of echo, the term
‘Haemodynamically-significant PDA’ (‘HsPDA’)
has come into use for PDA management, focusing
on treating only a few selected babies. In advanced
centres, neonatologist-performed echo (NPE) is now
an established practice. The definition of HsPDA
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is not easily implementable due to financial and
other constraints.

takes into account various echo parameters like duct
size, pulsatility and direction of shunt flow, left
atrial/aortic root ratio and diastolic flow direction in
the descending aorta12. Still there is no consensus on
a single definition for HsPDA. There is concern
about various limitations of echo parameters e.g.
size of duct as a criterion in the definition of
HsPDA7. McNamara PJ, et al3 have suggested that a
single duct size cannot be significant for all babies
and that a measurable shunt flow magnitude may be
better suited for PDA severity assessment. There is
a paucity of such studies from the developing
nations because of a lack of echo facilities. The
question of whom to treat may be easy to answer
only in limited advanced centres. In developing
economies most of the NICUs are without echo
facilities and thus the issue of patient selection is
very difficult to resolve.

How to treat?
Both medical and surgical methods are used for
PDA closure. Medical management is the primary
approach, surgical being reserved for failed medical
treatment. Among medical methods, indomethacin
and ibuprofen are well established now with the
latter being better tolerated in oral form5. Recently,
paracetamol, an agent which also decreases
prostaglandin production by a different mechanism,
has been studied. There is evidence now, that it is
equally efficacious with much better safety profile
than the other two agents6. In a recent study from
India, oral paracetamol was found to be equally
efficacious as indomethacin along with benefits of
being easily available, inexpensive and having a safe
short-term profile15. However, there are still some
concerns about long-term neuro-developmental
effects of neonatal and prenatal use of
paracetamol6,15.

When to treat
Conventionally, it has been the practice to treat all
suspected or clinically evident PDAs in preterm
neonates. As discussed earlier, in recent years, there
has been a trend to treat only selected PDAs, which
are shunting significantly3. Because of the similar
long-term outcomes of prophylactically treated
babies, and the increased CLD and retinopathy of
prematurity (ROP) in babies on medical
prophylaxis, prophylactic medical management has
not found much favour13. In resource-limited
settings however, the tendency of favouring medical
prophylactic management, especially for babies
<1000g, has been reported14. Moreover, unlike
earlier studies, recent literature has conflicting
results about the benefits of early versus late
symptomatic treatment in the <1000g babies9.
Currently, the timing of treatment depends on echo
support. At present, we do not have much
information about accurate timing of medical
prophylactic or therapeutic approach in the absence
of echo support. What we do know is that by the time
of picking up PDA clinically, the damage due to
HsPDA has already been caused7. Recently, a
staging system based on score assignment to clinical
situation has been described to be useful in triaging
and prioritizing PDA treatment by McNamara PJ, et
al3. The rationale of this approach was based on the
current understanding that rather than being causal,
there is a coincidental association of PDA with other
neonatal morbidities. PDA is now being viewed as a
spectrum of manifestations, and as such, only the
extreme cases should be treated. This entails
viewing the babies’ condition from a holistic point
of view. This is of vital importance in all those
countries facing huge loads of neonatal morbidities.

Because of the underlying pathophysiology, fluid
restriction and use of diuretics are counterproductive as they decrease the systemic circulatory
flow. Additionally, furosemide causes prostaglandin
increase, which favours persistent patency of the
ductus15,17.
Surgical ligation, at present, is reserved for
medically contraindicated and medically untreatable
cases. World over, a decline has been noticed in
surgically treated PDAs3.7. This decline can be
explained by 1) PDA treatment is required in very
few cases and 2) medical treatment is successful in
the vast majority of cases.
Biochemical markers of PDA
Biological substances, collectively known as
biomarkers, are emerging as diagnostic and
prognostic markers especially in the setting of heart
failure or ischaemic injury. One such marker
emerging in the diagnosis of HsPDA is brain
natriuretic peptide (BNP). These peptides are
hormone-like molecules, produced either by atrial
muscle (atrial natriuretic peptide/ANP) or by
ventricular chamber wall (BNP) in response to
myocardial dilatation or hypertrophy or ischaemic
stress. They result in sodium and water loss, arterial
relaxation and inhibition of the renin-angiotensin
system. These biomarkers of cardiac origin, secreted
on stretching/stressing of cardiac muscle, can be of
significant value when echo assessment is not
available or feasible. In a meta-analysis of studies on
these markers, authors found them to have good
sensitivity and specificity. However, studies in this
meta-analysis had a lot of heterogeneity about
inclusion and exclusion criteria, definition of
HsPDA etc.4. At present, they are still a matter of

Thus, in short, whom to treat and when to treat are
the two most difficult questions to answer in all
NICUs without echo support. At present, increasing
the echo support seems to be the only answer, which
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medical management for prophylactic closure
proves efficacious as well as safe, both in the short
and long-term, it will go a long way to solving the
present dilemma of managing PDA in underresourced situations. It is thus imperative to conduct
large studies for pharmacologic prophylactic
treatment of PDA. Alternatively, using clinical and
biochemical evidence, a score based symptomatic
approach can also be studied (compared to the gold
standard of echo). At present, and at best, we may
be able to apply the treatment approach as in
Western countries, only in NICUs equipped with
echo.

research in PDA management. In poor-resource
countries, where echo facilities are not available for
NICUs in a lot of centres, these markers may be of
great use in patient selection and timing of PDA
management. More studies need to be done on this
aspect as it may help us in patient selection even in
the absence of echo.
Dilemmas of PDA management in a resourcepoor environment
Although, there are a number of centres now
equipped with facilities like echo, still, a large
section of the preterm neonatal population is cared
for in not so advanced hospitals. Due to this, the
options of treating PDA are limited. As the clinician
manages a new-born in the absence of echo support,
the options are 1) classical clinically guided
treatment and/or 2) prophylactic treatment in highrisk patients. Regarding both approaches, the
evidence for efficacy is limited and as at present, it
is difficult to justify both in practice14. Conventional
practice has been to use clinical picture guided
management i.e. to treat the baby in the clinically
evident cases (tachycardia, wide pulse pressure and
murmur) or symptomatically suspected situations
(increased ventilator settings, cardiomegaly,
pulmonary oedema etc.). However, as already
discussed, the frank clinical picture of PDA appears
only after the PDA has progressed way beyond the
haemodynamically significant stage7,18. There is a
paucity of literature on the prophylactic approach in
resource limited situations. Indomethacin and
ibuprofen given prophylactically have been shown
to limit the short-term complications. In a recent
review of early medical management of HsPDA,
authors concluded that it was not associated with any
benefits in terms of mortality. It further
recommended more studies of early targeted
treatment in <28 weeks babies, who are at most risk
due to HsPDA, rather than more mature babies19.
However, associated side-effects of these agents and
apparent lack of benefit in the long-term (up to 18
months of age) further limits their usage in this way.
Real long-term studies running up to late childhood
(when more detailed differences in neurodevelopment and behaviour studies can be elicited)
are lacking7.

Challenges ahead
The quality of neonatal care varies to a large extent
in many developing nations. Since PDA is a
commonly diagnosed entity and most NICUs are not
having echo support, many physicians rely on
clinical signs alone. As discussed earlier, it is very
difficult to assign the exact role of PDA in the
causation of multi-factorial illnesses like NEC, CLD
etc., even in advanced centres of the West3,11.
Because of the heterogeneity of neonatal care in
developing nations, it is very difficult to
scientifically evaluate the exact need for managing
PDAs. With the ease of giving oral drugs like
paracetamol, which are safe in the short-term for
neonates, there is apparently no hindrance in
administering the drugs for both prophylactic and
therapeutic usage. However, at present we do not
have much information to support this approach.
Keeping in mind the possibility of causing damage
in a duct-dependent cardiac lesion, a clinical
approach (without echo support) with clinical
monitoring of four limb saturations need large
comparative studies (which are echo guided) for
sorting out its safety and efficacy issues. A sizable
fraction of newborns also suffer from intra-uterine
growth retardation. It has been reported that growth
retarded babies adapt more negatively to PDA20.
Thus, we cannot generalize the findings of earlier
studies where this aspect has not been elaborated.
Large multi-centre studies need to be carried out to
answer this problem. We also need criteria for
medical management of PDA in centres without
echo support. Since we now know that most medical
management is unwarranted and questions like who
needs to be treated, when and how, have to be
answered keeping these practical aspects in mind. It
is apparent that as far as possible, PDA management
has to be a focused and individualized approach. It
is also time to evaluate the biochemical markers
associated with PDA and possibly use them as
indicators to start treatment7,12. A score based
staging approach using the clinical picture
(unrelenting ventilator settings, increased need of
oxygen etc), surrogate biochemical markers, with
and without echo support, can show us the way

Today, when the need for PDA closure is being
revisited in the Western world, the neonatologist of
a poor country is faced with a situation of limited
options as discussed above. It is known that there is
a natural reluctance to apply the principle of ‘not
treating PDA at all’, even in Western NICUs, given
its doubtful association with increased morbidity
and mortality in the available literature3. That
clinical approach, which lags behind in detecting
and managing significant ductal shunts7, gives us
immense scope to study the medical prophylactic
management (with possible use of biomarkers). If
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forward for managing PDA rationally in both
resourceful and resource-limited settings3,7,18.
Conclusions
It is important to manage PDA effectively in preterm
babies (especially <1000g) to reduce acute neonatal
morbidities and improve long-term outcomes.
Whom to treat and how to treat, especially in
resource poor NICU centres, is a big challenge for
neonatologists of the developing world. While it is
prudent that a cheap, safe (both short-term and longterm), pharmacotherapy agent is needed, it should be
a targeted, focused approach. We need large
comparative studies in NICU environments with and
without echo support, with simultaneous study of
biomarkers, for finding the best strategy of
managing PDA, prophylactically as well as
therapeutically. We need to train more
neonatologists in cardiac echo and create financial
support for such facilities, at least in all teaching
hospitals. While using any agent, in the absence of
echo, it is of utmost importance to have a monitoring
policy so as not to cause any harm to a baby with a
duct-dependent cardiac lesion. Only with an
increase in information by doing more studies, in
poor-resource environments, on various issues as
discussed above, will we be able to eliminate the
dilemmas of underprivileged neonatologists of
developing countries in PDA management.
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