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Abstract: The role of oxygen, reactive oxygen species (ROS), and isoprostanes (IsoPs) in regulating
patency and closure of patent ductus arteriosus (PDA) have been studied in preterm infants. Also the possible
correlation between a hemodynamically significant PDA and its pharmacological treatment with oxidative
stress has been investigated. The National Library of Medicine (MEDLINE) database was searched without
time limits. Available data demonstrate that free radicals are not always harmful and that ROS and IsoPs play
a relevant role in DA closure. On the other hand, a hemodynamically significant PDA can cause oxidative
stress and this can partially explain its association with other complications of prematurity related to oxidative
stress, such as bronchopulmonary dysplasia (BPD), intraventricular haemorrhage (IVH), and necrotizing
enterocolitis (NEC). Some drugs used for pharmacological closure, such as ibuprofen, also have antioxidant
effects, and the closure of PDA can restore a proper tissue oxygenation and the balance between pro-oxidant
and antioxidant factors. These data support the importance of the relationship between PDA and oxidative
stress whose understanding increase our awareness when we approach this prematurity complication in the
clinical practice. Further studies might assess the reliability of ROS as possible biomarkers of the risk of
developing a hsPDA.
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Introduction

Patent ductus arteriosus (PDA) frequently complicates
the outcome in preterm infants with respiratory distress
syndrome (RDS). Previous studies suggested about
60-70% of infants born at <28 weeks of gestation need
pharmacological or surgical treatment for PDA (1). In
the last decades, the best management of PDA has been
deeply discussed since randomized controlled trials (RCTs)
often failed to demonstrate that pharmacological closure

of PDA induces relevant benefits in preterm infants (2).
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On the other hand, it has been reported that a persistent
left-to-right shunt through the ductus can worsen
respiratory failure, lower survival rate, and increase risk of
intraventricular haemorrhage IVH) and bronchopulmonary
dysplasia (BPD) (1,3-6). Pharmacological closure is
commonly performed with indomethacin or ibuprofen.
Both are effective in closing PDA in 70-80% of cases, but
can cause severe adverse effects such as gastrointestinal
perforations, acute renal failure, and bleeding disorders
(7-9). Hence, the recent demonstration that paracetamol is
effective in closing PDA was followed by its wide diffusion
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(10,11).

Some relevant physiopathological characteristics of PDA
in preterm infant, such as the role of oxygen and reactive
oxygen species (ROS) in regulating its patency and closure,
were investigated in previous studies, as was the possible
association between PDA and its pharmacological treatment
with oxidative stress. Nevertheless, these issues are rarely
treated in literature. Thus, the objective of this review is
to address the relationship between PDA, oxygen, and
oxidative stress in preterm infants to clarify these aspects
and to contribute to a more complete understanding of
this important complication of prematurity. We present
the following article in accordance with the NARRATIVE
reporting checklist (available at http://dx.doi.org/10.21037/
tp-20-121).

Data sources

The National Library of Medicine (MEDLINE) database
was searched without time limitations. The research was
carried out using the following MESH: (I) infant, newborn,
preterm, premature; (II) ductus, ductus arteriosus, PDA; (I1T)
oxygen, ROS, free radical; (IV) isoprostane; (V) ibuprofen,
indomethacin, paracetamol.

PDA closure and ROS

Closure of PDA physiologically occurs in the first days of
life and is generally distinguished in two phases, functional
and structural. However, this distinction is conventional,
and the two steps can overlap. Functional closure of
ductus arteriosus (DA) is caused by postnatal decrease of
circulating prostaglandin E, (PGE,), a potent vasodilator
which is synthetized by the placenta during fetal life, and
increase of circulating oxygen (PaO,) due to the beginning
of breathing: these events induce a direct constriction of
DA (12).

Ductus arteriosus is very sensitive to oxygen constriction
and to explain this strong effect two different mechanisms
have been suggested. The first one involves the oxygen-
induced activation of cytochrome P450 (CYP450) which
mediates the induction of vasoconstrictor endothelin-1 (ET-
1) (12,13). Several data support this pathway: factors which
negatively affect CYP450 function limit the oxygen ductal
constrictive effect (14), it has been demonstrated that ET-1
is synthetized in the ductal muscle (15,16), its synthesis is
upregulated at birth (17,18) and is positively correlated to
the increase of PaO, (15,16). Moreover, pharmacologic
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inhibition of ET-1 or its receptors decreases oxygen-induced
ductal constriction (15,19,20). The second mechanism
of oxygen-induced ductal constriction is represented by
the oxygen-induced activation of mitochondrial redox
reactions in muscular cells which produce ROS inhibiting
specific voltage-gated K* channels (Kv 1.5, Kv2.1) (21,22)
and activating L-type Ca’* channels (23). This mechanism
seems to be confirmed by the decrease of oxygen-induced
ductal constriction promoted by limiting redox signaling
and K' channel activity (24). However, these two pathways
might interact and concur in promoting oxygen constriction
of DA, compensating for eventual pathophysiological
events. In fact, it has been suggested that ET-1 could act
also by inhibiting some K* channels (25) or, alternatively,
that ET-1-mediated constriction could precede K* channels
inhibition (26). On the other hand, all these mechanisms
ultimately cause Ca’*-mediated phosphorylation of myosin
light chains, induce actin/myosin interaction, and DA
smooth muscle cell contraction (27).

A role of isoprostanes (IsoPs) in DA closure has been
recently described. IsoPs are synthesized from the free
radical-mediated peroxidation of phospholipid-bound
arachidonate and, although they are mainly considered
as biomarker of oxidative stress, they might promote
physiological effects during the fetal and neonatal life,
such as DA constriction induced by stimulation of
thromboxane receptors (28). van der Sterren et al. studied
the vasoactive effects of IsoPs in chicken embryo isolated
DA and demonstrated that they can induce a strong DA
constriction (28). Chen ez 4/. confirmed these findings
demonstrating that oxygen exposure increases IsoPs
levels in newborn mouse lung which cause constriction of
the isolated term DA by activating the thromboxane A2
(TxA2) receptor (29). Furthermore, they unexpectedly
observed that IsoPs induce vasodilation of the preterm
isolated DA mediated by the prostaglandin E2 receptor 4
(EP4) (29). These results indicate that IsoPs can promote
constrictive or dilatory effects on the DA based on the
relative concentration of the TxA2 and EP4 receptors (29).
Thus, it seems that the DA maturation is associated
with decrease and increase in EP4 and TxA2 receptors,
respectively, favoring the prevalence of vasoconstricting
effects of stimulation of TxA2 receptors at the end of
gestation. Therefore, it can be hypothesised that the
transition from the relatively hypoxic fetal environment to
the relatively hyperoxic postnatal environment can induce
oxidative stress and IsoPs synthesis in newborn infants.
This phenomenon could favor DA constriction and
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closure in term infants by activating the TxA2 receptors
or DA dilation and PDA development in preterm infants
by activating the EP4 receptors. In any case, these
mechanisms support the concept of a physiopathological
role of oxygen and oxidative stress on the transitional
circulation in both healthy term and ill preterm infants.

PDA and oxidative stress

It has been reported that a hemodynamically significant
PDA can increase the risk of BPD, IVH, and necrotizing
enterocolitis (NEC). On the other hand, these pathologies
are strictly connected with oxidative stress in preterm
infants given their large production of ROS and immature
antioxidant system (30). Therefore, some authors have
wondered if PDA and its pharmacological treatment might
affect oxidative stress in these patients.

Forty-three preterm infants born at <33 weeks of
gestation were studied and their IsoPs urinary levels were
measured IsoPs urinary levels before starting treatment of
PDA with ibuprofen, after its pharmacological closure, and
seven days after the end of treatment (31).

It was found that IsoPs decreased after PDA closure and
then increased one week later (31). The initial decrease
in IsoP was attributed to the antioxidant properties of
ibuprofen capable of scavenging the hydroxyl radical and/
or the chelated iron (32) and to limit neuronal oxidative
damage more effectively than naproxen or acetylsalicylic
acid (33). Thus, the IsoPs increase observed seven days
after the end of treatment has been attributed to the end of
ibuprofen antioxidant effect after its suspension (31).

Demir er al. measured in a prospective study the
total antioxidant capacity (TAC) and total oxidant status
(TOS) in 37 low-birth weight infants who were treated
with ibuprofen for a hemodynamically significant PDA
in comparison with 40 low-birth weight infants without
PDA (34). Before the treatment, TOS and TAC were
lower in infants with PDA than in infants without it, but
the difference disappeared after the pharmacological
closure (34). The authors speculated that, similarly to
other congenital heart diseases with left-to-right shunt, a
hemodynamically significant PDA can induce a high oxygen
requirement, increase the synthesis of ROS, and lead to an
imbalance between oxidants and antioxidant agents and the
development of oxidative stress (34). Thus, the PDA closure
could exert an antioxidant effect and restore a proper
balance. Interestingly, they found that S-100B protein level,
an accurate marker of cerebral injury, was not affected by

© Translational Pediatrics. All rights reserved.

837

PDA suggesting that the brain can compensate for oxidative
stress and impaired tissue perfusion (34).

Inayat er al. prospectively studied 53 preterm
infants with gestational age <32 weeks of whom 30
developed a hemodynamically significant PDA requiring
pharmacological (n=30) and surgical treatment (n=11),
and 23 did not (35). They found that plasma superoxide
dismutase (SOD) activity was lower in infants with
PDA than in infants without PDA, and that it decreased
significantly after PDA closure (35). Moreover, they
observed that IsoPs plasma levels were lower in infants with
PDA than in infants without PDA, and that it increased
significantly after PDA closure (35). They speculated that a
low antioxidant status, particularly a low SOD activity, can
favor the development of PDA by reducing the synthesis
of H,0,, a molecule that might be a critical link in redox
signaling and DA constriction (36). On the other hand,
the post-closure decrease of SOD activity might be due to
the antioxidant effect of pharmacological treatment (36).
The association between low levels of IsoPs and the
development of PDA confirms previous findings on the role
of IsoPs in the mechanism of closure of DA by promoting
its constriction (28,29). Otherwise, the reported post-
treatment increase of IsoPs might likely be due to increased
tissue oxygenation, ROS production, and oxidative stress.

These data as a whole highlight a correlation between
PDA, its pharmacological closure, and oxidative stress in
preterm infants. In fact, they suggest that a low level of ROS
might contribute to the development of a hemodynamically
significant PDA (35); that a hemodynamically significant
PDA can induce oxidative stress by increasing tissue oxygen
requirement (34); and that the PDA closure could restore
a proper oxidative balance due to the normalization of
tissue oxygenation and pharmacologic antioxidant effect of
ibuprofen (31).

Future research might be aimed at identifying reliable
biomarkers correlating with the risk of developing a hsPDA
using molecules associated with the oxidative stress, such
as IsoPs which can be painlessly measured in urines. Such
biomarkers could be suitable in daily practice for the
management of hsPDA combined with echocardiography
which is the best current tool for studying PDA in preterm
infants, assessing its progression and deciding its treatment.

Conclusions

PDA is a frequent complication of very preterm infants
whose etiology is multifactorial. The effect on DA closure
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of postnatal increase of PaO, and decrease of PGE, is well
known, but, as previously mentioned, also ROS and IsoPs
play a relevant role. This confirms that ROS can have a dual
effect as both toxic and beneficial compounds, and that free
radicals do not always have a negative effect; in fact, it has
been shown that at low or moderate concentrations, they
play a physiological role in cellular and tissue maturation
during the fetal and neonatal period (30). On the other
hand, a hemodynamically significant PDA can cause
oxidative stress and this could partially explain its association
with other complications of prematurity related to oxidative
stress, such as BPD, IVH, and NEC. On the contrary, the
closure of PDA can restore a proper tissue oxygenation and
the balance between pro-oxidant and antioxidant factors.
Moreover, some drugs used for pharmacological closure,
such as ibuprofen, also have antioxidant effects. These data
support the importance of the relationship between PDA
and oxidative stress whose knowledge can increase our
awareness when we approach this prematurity complication
in the clinical practice.

Further studies might assess the reliability of ROS as
possible biomarkers of the risk of developing a hsPDA.
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