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Abstract
Patent ductus arteriosus (PDA) continues to be a
frequent complication of extremely premature
birth, despite the more generalized use of ante-
natal steroids, postnatal surfactant administra-
tion, and the improvement of noninvasive
ventilatory strategies. Its incidence is inversely
related to gestational age, such that it affects
almost 60% of infants less than 28 weeks’

gestation. Spontaneous closure of the ductus
occurs in 30% of infants with very low birth
weight (<1500 g).When the PDA is hampering
the neonate’s well-being, judicious evaluation
and tailoring of the best therapeutic strategy
should be performed. Ibuprofen actually seems
to be the preferred drug for pharmacological
treatment because of its favorable risk/benefit
ratio; the therapeutic response of the most
immature infants however is limited. Surgical
ligation of the duct should be considered as a
backup treatment due to the risks of serious
complications during and after the procedure.
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69.1 Salient Points

• PDA continues to be a frequent complication of
extremely premature birth (60% of infants less
than 28 weeks’ gestation), despite the more
generalized use of antenatal steroids, postnatal
surfactant administration, and the improvement
of noninvasive ventilatory strategies.

• A large left to right shunt may cause profound
hemodynamic disturbances to local organs and
the brain.

• Ibuprofen actually seems to be the preferred
drug for pharmacological treatment because of
its favorable risk/benefit ratio; the therapeutic
response of the most immature infants however
is limited.

• Surgical ligation of the duct should be consid-
ered as a backup treatment due to the risks of
serious complications during and after the
procedure.

69.2 Epidemiology

Patent ductus arteriosus (PDA) is the most com-
mon cardiac abnormality of the preterm infant. Its
incidence is inversely related to gestational age,
such that it affects almost 60% of infants less than
28 weeks’ gestation. Data published in 2007 dem-
onstrated that spontaneous closure of the ductus
occurs in 30% of infants with birthweights below
1500 g (very low birth weight [VLBW]) (Fanaroff
et al. 2007). It is obvious that percentages are
decreasing for each lower birthweight category
(Table 1), but also that a markedly wide variation
exists among centers. This may reflect the influ-
ence of varying factors on the closure of the ductus.

Higher closing rates, and as a consequence
lower incidences of PDA, have been reported in
several papers for European infants. A random-
ized comparative multicenter trial that compared
early (day 3) versus late (day 7) indomethacin
treatment for PDA in preterm infants with gesta-
tional ages between 26 and 31 weeks and suffer-
ing from respiratory distress syndrome (RDS),
revealed that 281 of 380 (74%) spontaneously
closed their duct by the age of 7 days (Overmeire
et al. 2001a). In 210 infants who received placebo

in a double blind randomized trial of ibuprofen
prophylaxis, high spontaneous closing rates on
the 3rd to 4th day of life were confirmed by
echocardiographic assessment (Overmeire et al.
2004a). Data are displayed for five birthweight
and gestational age categories (Table 2).

Data from the neonatal registry of the Belgian
college of physicians, demonstrate a closed or
non-symptomatic PDA in 46.7% of 2635 VLBW
infants for the years 2007–2009 (College of Physi-
cians for the Mother and Newborn, Section Neo-
natology). As compared to these numbers, the
closure rates described by Koch et al (2006) in
the United States seem lower, e.g., 34% on the
third day of life in a group of 122 infants with
birth weights below 1000 g. Other US data report
31% closure below 1000 g and 67% in a group of
65 VLBW infants (Nemerofsky et al. 2008). It is
clear that a wide variation exists in spontaneous
ductal closure in preterm infants. In addition to
immaturity, which is the factor that contributes
most to PDA, various cofactors affect the occur-
rence of PDA. For many years, the presence of
severe RDS has been recognized as a delaying
factor for closure (Bancalari et al. 2005), as is the
association with sepsis (Gonzalez et al. 1996).
Intrauterine growth restriction also affects the
behavior of the ductus (Robel-Tillig et al. 2003).
The group of Rakza demonstrated convincingly
that hypotrophic infants had significantly larger

Table 1 Closed or non-symptomatic PDA among VLBW
infants surviving >12 h

501–750 g 750–1000 g 1001–1250 g 1251–1500 g

n = 4,046 n = 4,266 n = 4,557 n = 5,284

51 (17–80) 62 (40–89) 77 (52–91) 87 (67–93)

Data expressed as % (center range) from (Fanaroff et al.
2007)

Table 2 Spontaneous closure of PDA in 210 VLBW
infants

Birthweight (g)
Closed
ductus (%)

Gestational
age (w)

Closed
ductus (%)

500–750 44 24–25 54

751–1000 62 26–27 54

1001–1250 60 28–29 60

1251–1500 74 30–31 79

Data from (Overmeire et al. 2004a)
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left to right shunts appearing earlier after birth and
needing earlier treatment than eutrophic controls
(Rakza et al. 2007). The authors explain that
chronic hypoxia in utero may have caused a faster
decrease of the pulmonary vascular resistance
through the production of higher noradrenaline
levels. Additionally, major anomalies of both the
intima and media of the ductal vessal wall have
been described (Ibara et al. 1994). It is a common
belief that excessive fluid administration during the
first days of life is associatedwith the occurrence of
PDA. Unfortunately, poor evidence exists to sup-
port this view. A systematic meta-analysis on this
topic was last updated in 2008. Four of the five
included trials date from the era before antenatal
steroids and exogenous surfactant therapy and the
one from 1999 shows very weak evidence. Never-
theless, the authors conclude that the practice of
restricting water intake to physiological needs in
preterm infants might be expected to decrease the
risk of PDA (Bell and Acarregui 2008). The role of
cortisol was highlighted by the studies of
Watterberg demonstrating an inverse relationship
between serum cortisol levels on postnatal days
3–4 and 5–6 and the occurrence of PDA
(Watterberg et al. 2000). It is known that both
antenatal (Abbasi et al. 2000; Chorne et al.
2007a) and postnatal steroid administration are
associated with lower incidences of PDA (Halliday
et al. 2001; Doyle et al. 2010). The prenatal use of
NSAIDs as tocolytics has an impact on the postna-
tal reactivity of the ductus. Indomethacin and ibu-
profen freely cross the placenta (Hammerman et al.
1998; Norton et al. 1993). During pregnancy they
have a vasoconstrictive effect on the ductus and
fetal pulmonary circulation which increases with
advancing gestational age. Antenatally induced
changes in the fetal ductal wall lead to a decreased
reactivity of the ductus to postnatal NSAID treat-
ment with an increased rate of treatment failure
(Reese et al. 2009; Soraisham et al. 2010). The
use of magnesium sulfate in pregnant women has
been associated with a higher risk of developing
PDA in extremely low birth weight infants (Moral
et al. 2007) and with a reduced responsiveness to
indomethacin prophylaxis (Katayama et al. 2010).
Other large studies did not confirm these observa-
tions (Rouse et al. 2008).

Many pharmacologic agents that are commonly
used in the early neonatal period may influence the
behavior of the ductus. Although caffeine has no
direct effect on preterm sheep ductus’ contractility
(Clyman and Roman 2007), markedly less treat-
ment for PDAwas observed in the group of infants
who received caffeine in a largemulticenter clinical
trial including 2,006 subjects (Schmidt et al.
2006a). In contrast to what was suggested years
ago, there actually seems less evidence for a reduc-
ing effect of the postnatal administration of thyroid
hormone (Osborn and Hunt 2007) and the
shielding of the thorax during phototherapy
(Travadi et al. 2006) on the occurrence of PDA.
The administration of furosemide, by increasing
circulating prostaglandin E2 levels, has been asso-
ciated with an increased incidence of PDA in a
study of 66 infants with RDS (Green et al. 1983).
Six of seven studies that investigated the use of
furosemide in preterm infants with RDS of less
than 5 days of age were performed before the
systematic application of prenatal steroids, surfac-
tant or fluid restriction. However, a systematic
review combining the trials indicated an increased
risk of PDA and hypovolemia (Brion and Soll
2008). More recent data on the concomittant use
of furosemide during NSAID treatment for PDA
underscore the risk of inducing transient renal fail-
ure (Toyoshima et al. 2010) but do not confirm the
clinical effect of delaying the closure of the ductus
(Andriessen et al. 2009; Lee et al. 2009).

Various other frequently used drugs in the
NICU may have unexpected vasodilatory actions
on the ductus. To date, no clinically relevant effect
on the behavior of the ductus has been described
by the inhalation of nitric oxide (Schreiber et al.
2003; Askie et al. 2010; Mercier et al. 2010).
Aminoglycosides, cimetidine, ranitidine and hep-
arin are other possible candidates with dilating
effects on the ductus meriting further prospective
evaluation (Reese et al. 2010).

69.3 Physiology and Pathogenesis

During fetal life the patency of the ductus is essen-
tial. It allows 90% of the right ventricular output to
bypass the highresistance pulmonary vascular bed.
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Fetal patency of the ductus before birth and the
closure after birth is the result of a balanced inter-
action of locally produced and circulating media-
tors, low oxygen tension and the unique structure
of the vessel wall. Prostaglandins, converted from
arachidonic acid by COX enzymes, play a major
role in maintaining ductal patency in utero. There
are two separate genes encoding COX proteins,
COX-1 and COX-2, and a variant of COX-1 infor-
mally termed COX-3 has also been identified
(Chandrasekharan et al. 2002). COX-1 is mostly
constitutive whereas COX-2 is highly expressed
during inflammation. COX-2 has been found to
be increasingly expressed in the fetal ductus
arteriosus with advancing gestation and is the
main contributor to local PGE2 generation in the
ductus at term (Smith et al. 2001). Of the fivemajor
prostanoids (PGE2, PGF2α, PGD2, PGI2 and
TXA2), predominantly PGE2 and PGI2 have high
levels in the fetus because of high placental pro-
duction and low clearance by the fetal lungs. They
are the most potent ductal relaxants.

The increase in postnatal oxygen tension along
with a decreased sensitivity of the ductus to PGE2

as the fetus approaches term, initiate the closure of
the ductus (Schneider and Moore 2006). In the
term infant constriction begins within the first few
hours after birth and functional closure is usually
completed within 24–48 h of age.

After the initial functional constriction, a phase
of neointimal thickening and remodeling occurs,
leading to anatomical occlusion after several days
(Clyman et al. 1998). Recent experiments have
shown that platelets play a crucial role by promot-
ing a thrombotic sealing and supporting luminal
remodeling for the definite closure of the ductus
(Echtler et al. 2010; Clyman and Chemtob 2010).

In the preterm infant the closure usually takes
longer. The immature ductus has an increased
sensitivity to PGE2 and its constriction after birth
is weaker. At comparable O2 concentrations the
ductus of the very immature fetus generates far
lower tensions than those observed in the near-
term fetus precluding definitive closure. NO syn-
thase expression in the vasa vasorum of the vessel
media is further increased and impedes the critical
degree of contraction which is essential to elicit

tissue hypoxia, initate remodeling and ultimately
definitive closure of the ductus (Kajino et al.
2001). This carries an increased risk of reopening.
A similar mechanism is believed to contribute to
the failure of ductal closure of fetus previously
exposed to maternal indomethacin (Clyman et al.
2001). In addition, there is evidence that the major
vasorelaxant nitric oxide (NO) plays a role in the
very immature ductus. Inhibition of NO synthase
was found to exert a greater effect in closing the
ductus of the more immature fetus whereas COX
inhibition exerted a greater effect in the near-term
fetus. The combined treatment with NO synthase
and COX inhibitors was more effective than sim-
ply using COX inhibitors, but severe side effects
precluded the introduction of this approach in
clinical practice (Seidner et al. 2001).

69.4 Pathophysiology

Almost all morbidity associated with PDA in pre-
term infants may be explained by the persistent
left to right shunt through the vessel, causing a
systemic hypoperfusion and a pulmonary hyper-
perfusion. In most infants, the heart can cope with
the increasing demands by increasing left ventric-
ular stroke volume and heart rate.

69.4.1 Pulmonary Effects

The lungs receive an increased perfusion which
may lead to decreased lung compliance, lung
edema, and increased risk of pulmonary hemor-
rhage (Stefano et al. 1991; McCurnin et al. 2008).
Symptoms and signs appear as the limits of com-
pensatory mechanisms are reached. An association
between the duration of the left to right shunt and
the development of bronchopulmonary dysplasia
has been demonstrated (Marshall et al. 1999),
although the simultaneous presence of an infection
largely increases the risk (Gonzalez et al. 1996).
Unfortunately, in studies of prophylactic treatment
of PDA the incidence of BPD was not reduced.
This may be explained by the study design, as all
infants in the control group were given a back-up
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treatment only 1–3 days after the randomization.
Alternatively, indomethacin may promote BPD in
itself by inducing moderate renal dysfunction lead-
ing to increased lung fluid (Schmidt et al. 2006b).
Experiments in baboons confirmed that a negative
influence of a moderate left to right shunt increases
clearly pulmonary to systemic flow ratio and exerts
a negative effect on pulmonary mechanics. The
most striking observation was an arrested alveolar
growth and a reduced alveolar branching causing a
significantly lower alveolar surface area and
complexicity in the subjects that were exposed to
persisted shunting (McCurnin et al. 2008).

69.4.2 Systemic Effects

Other organ systems may suffer hypoperfusion,
including the gut, kidneys and the brain. A persis-
tent patency of the ductus has been shown to be a
risk factor for increased mortality. (Brooks et al.
2005; Noori et al. 2009). Disturbances in renal
perfusion have been shown (Romagnoli et al.
2000). The decrease in mesenteric blood flow
(Meyers et al. 1991; McCurnin and Clyman 2008)
has been associatedwith increased risk of gut ische-
mia, necrotizing enterocolitis (Coombs et al. 1990),
and causing a prolonged interval to full feeds
(Patole et al. 2007). In infants with PDA the supe-
rior mesenteric artery flow velocities were signifi-
cantly lower postprandially as compared to those
with closed duct (McCurnin and Clyman 2008).

69.4.3 Cerebral Effects

Already in the early 1980s hypoperfusion of the
neonatal brain as a result of ductal left to right
shunt was demonstrated by Doppler flow studies
(Perlman et al. 1981) and confirmed repeatedly on
many occasions with other imaging techniques
(Lundell et al. 1986; Shortland et al. 1990).

More recently, an impressive lowering of the
regional oxygen saturation in the brain could be
visualized in infants with a moderate ductal shunt
by use of near infrared spectroscopy (NIRS), and
a prompt amelioration after closure of the ductus
(Lemmers et al. 2008). Although PDA has been

clearly associated with all above-mentioned mor-
bidities, in many situations, its causal role is not
straightforward.

69.5 Pharmacological Treatment

Because left to right shunt through the ductus is
associated with increased morbidity and mortality
and because prostaglandins play a major role in
patency of the ductus, for decades cyclooxygen-
ase inhibitors have been used to treat PDA (Evans
2003). Successful closure of the duct has been
reported to occur in 40–80% of treated infants.
The risk of reopening increases to above 20% in
the smallest infants. Because the process of inti-
mal cushion formation during closure of the duct
is inhibited by blockade of prostaglandins in the
most immature infants, COX inhibitors are para-
doxically less effective in extremely preterm neo-
nates (Yokoyama et al. 2006; Ivey and Srivastava
2006). Until 2004, indomethacin was the only
COX inhibitor approved for treatment of PDA in
most countries. Since late 1990s ibuprofen has
been studied as an alternative for the treatment
and prophylaxis of PDA.

The decision to start with pharmacological
treatment in an individual infant depends on
many factors. It is obvious that if factors in favor
of a spontaneous closure of the duct are present,
many clinicians will postpone pharmacological
treatment by a few days. The appearance of
signs and symptoms in the lungs or other organ
systems should motivate to the initiation of more
prompt treatment.

Schematically, three approaches are possible.
Firstly, a conservative management with restric-
tion of fluids combined with optimized respiratory
support including positive end expiratory pres-
sure; secondly, the pharmacological treatment
with either ibuprofen or indomethacin; and finally
surgical ligation of the ductus. Benefits and risks
of each approach should be balanced, taken into
account the specific characteristics of the infant
such as birth weight, postnatal age, antenatal
exposure to corticosteroids or NSAIDs, and the
presence of comorbidities or infection.
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69.5.1 Hemodynamic Significance
of the PDA-Shunt

Because invasive catheterization is not possible in
small preterm infants, echocardiographic assess-
ment is the method of choice to evaluate ductal
patency and magnitude of PDA shunting
(Kluckow et al. 2008). The technique allows mon-
itoring the effects of intervention and has been
used to guide both doses and the duration of
pharmacological treatment (Sperandio et al.
2005; Carmo et al. 2009; Waal and Kluckow
2010). It is generally accepted that a left atrium-
to-aortic-root diameter ratio of �1.4 in the para-
sternal long axis view, a ductal diameter of
1.4 mm/kg body weight, and flow reversal in
diastole in the descending aorta, indicate a hemo-
dynamically significant left to right shunt
(El Hajjar et al. 2005). When the mean end dia-
stolic flow velocity in the left pulmonary artery
exceeds 0,2 m/s, there needs to be an additional
high index of suspicion of significant left to right
shunt (Sehgal and McNamara 2009).

Because frequent echocardiographic studies
may destabilize the infant and in some NICUs it
is not easy to obtain a bedside cardiac ultrasound,
biomarkers such as B-type natriuretic peptide
(BNP), NT-pro-BNP and cardiac troponin T
(cTNT) are now more frequently used to detect
“symptomatic” PDA and to guide treatment
(Holmström et al. 2001; Choi et al. 2005; Sanjeev
et al. 2005; Attridge et al. 2009). BNP is a
vasoregulatory peptide that is released by the ven-
tricles in response to increases in cardiac volume
and pressure (El-Khuffash and Molloy 2008).
BNP levels did correlate very well with the mag-
nitude of the left to right shunt as examined by
echocardiography and reflected the moment of
closure. Nevertheless, the high variability in the
BNPmeasurements preclude their use as monitor-
ing for changes in shunt magnitude (Chen et al.
2010). The combination of measurement of bio-
markers as a screening tool in those centers where
echocardiography is not readily available, a high
clinical suspicion and a comprehensive cardiac
ultrasound and Doppler assessment, is probably
an optimal approach to guide timely treatment of
PDA (Chiruvolu et al. 2009).

69.5.2 Prophylaxis

A vast amount of studies have investigated the
timing of pharmacological treatment of PDA. Pro-
phylactic, early pre-symptomatic and symptom-
atic treatment strategies have been compared
(Clyman 1996). More than 30 studies and reviews
addressed prophylaxis with non-steroidal anti-
inflammatory drugs (NSAIDs) in preterm infants.
The last updated meta-analyses available demon-
strate that both prophylactic indomethacin and
ibuprofen reduce significantly the risk of develop-
ing a symptomatic PDA and the need for ductal
ligation (Ohlsson and Shah 2011; Fowlie et al.
2010). Nineteen prophylactic indomethacin trials
were eligible in which 2,872 infants were
included. The incidence of symptomatic PDA
was very significantly reduced: typical relative
risk (RR) 0.44; 95% confidence interval
(CI) 0.38–0.50. In the studies eligible for the
ibuprofen review the ductus had closed spontane-
ously in 58% of the infants of the control group by
the third day of life. Based on available data the
prophylactic administration of ibuprofen cannot
be recommended. Indomethacin offers the addi-
tional effect of reducing the occurrence of intra-
ventricular hemorrhage (IVH) (typical RR 0.66
95% CI 0.53–0.82). No positive effect on any
other outcome parameter could be demonstrated.
In particular, no decrease in the rates of
bronchopulmonary dysplasia, death, necrotizing
enterocolitis, or white matter disease. Notwith-
standing the decrease of IVH, no improved
neurodevelopmental outcome has been demon-
strated (Fowlie et al. 2010; Schmidt et al. 2001).

69.5.3 Treatment

Indomethacin and ibuprofen have also been
extensively studied for the treatment of PDA.
Ibuprofen disturbs significantly less regional cir-
culations, which may offer less dysfunction of
kidney, intestines, and brain (Overmeire et al.
1997; Patel et al. 2000; Pezzati et al. 1999).
Urine production was less affected in preterm
infants (n = 148) that were treated on day 2–3 of
life with ibuprofen than in those receiving
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indomethacin (Overmeire et al. 2000). This obser-
vation resulted in ibuprofen being introduced for
clinical use in preterm infants. Necrotizing entero-
colitis was diagnosed twice as often in the indo-
methacin group (8 versus 4; p= 0,37) (Overmeire
et al. 2000). Cerebral oxygen availability has
repeatedly been shown to be less affected with
ibuprofen (Patel et al. 2000; Mosca et al. 1997).
Systematic reviews of the trials that evaluated
indomethacin or ibuprofen for early treatment of
a non-symptomatic or symptomatic PDA con-
firmed a comparable efficacy of both drugs
(Thomas et al. 2005). The most recently updated
systematic meta-analysis included 20 studies
(Ohlsson et al. 2010). There was no statistically
significant difference between indomethacin and
ibuprofen efficacy or in failure to close the ductus
in 19 comparative studies including 956 infants
with a typical relative risk (RR) of 0.94 (95% CI
0.76–1.17). Infants receiving ibuprofen treatment
have less evidence of transient renal failure and
less risk of developing necrotizing enterocolitis:
15 studies including 865 infants; typical RR 0.68
(95% CI 0.47–0.99). No other differences were
noted, e.g., mortality, reopening of the ductus,
need for ligation, duration of ventilatory support,
duration of supplementary oxygen and develop-
ment of BPD.

The conventional doses of indomethacin and
ibuprofen are different, based on their respective
pharmacokinetic parameters. Adapted dosing
schemes have been tried to augment efficacy/
side effect ratio of indomethacin, however, with
variable success (Herrera et al. 2007) (see also
section “NSAID Dosing Schemes”).

69.5.4 Risks of Treatment

Indomethacin and ibuprofen are not devoid of
adverse drug reactions. Due to their vasoconstric-
tive effects, both drugs affect the perfusion of var-
ious organ systems to a certain extent, e.g., the gut,
kidney and brains. Although ibuprofen initially
seemed to have a more favorable safety profile
with less disturbance of regional circulations (Over-
meire et al. 1997, 2000; Patel et al. 2000; Pezzati
et al. 1999; Mosca et al. 1997), the occurrence of

unexpected hypoxemia caused a lot of concern.
Acute pulmonary hypertension developed in three
preterm infants immediately after the infusion of
ibuprofen THAM-buffered solution (Gournay et al.
2002). A clear explanation for this phenomenon is
lacking. One infant of 169 treated with ibuprofen-
lysine presented the same adverse effect, but no
causal relationship could be found between PPHN
and ibuprofen-lysine in another 229 treated infants
(Overmeire et al. 2004a; Mosca et al. 2002; Aranda
et al. 2009). Additional studies could not confirm a
clear association between the use of ibuprofen-
lysine and severe hypoxemia. Although the trial
that first reported this serious adverse effect was
halted by the national authorities (Gournay et al.
2004), the ibuprofen formulation under investiga-
tion became registered for clinical use in Europe in
2004. Ibuprofen-lysine was registered for treatment
and prophylaxis of PDA in preterm infants in the
US in 2006. Ibuprofen is insoluble in water and
more than 90% bound to serum albumine (Aranda
et al. 1997). An in vitro model demonstrated that at
higher ibuprofen concentrations (750 μmol/L or
150 mg/L) in infant serum containing bilirubin,
the fraction of unbound bilirubin increases fourfold
(Ahlfors 2004). This displacement of bilirubin from
albumin binding sites may be clinically relevant in
jaundiced preterm infants, as high levels of free
bilirubin are associated with brain damage, hearing
loss and kernicterus (Ahlfors 2004; Ahlfors et al.
2006). When ibuprofen is administered in the
recommended dosages of 10, 5 and 5 mg/kg at
24 hourly intervals to neonatal infants, ibuprofen
serum peak levels of 20–40 mg/L are reached
(Overmeire et al. 2001b). According to the in vitro
model, an increase of 10% of the free fraction of
bilirubin can be expected at such ibuprofen levels.
Three smaller studies exploring the rise of unbound
bilirubin were rather reassuring (Overmeire et al.
2004b; Amin andMiravalle 2011; Diot et al. 2010).

Additional risks of NSAID use for closing PDA
in preterm infants are the occurrence of an isolated
ileal perforation, particularlywhen there is concom-
itant use of steroids (Watterberg et al. 2004;
Paquette et al. 2006). Although predominantly
reported for indomethacin, the risk may be similar
for ibuprofen as its mechanism is related to micro-
vascular changes and not to disturbances of the
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regional perfusion of the gut (Tatli et al. 2004).
Increased bleeding tendency has been described
after indomethacin use (Corazza et al. 1984), but
except for some increased occult blood appearing in
stools this does not seem to cause clinically relevant
problems. Some neonatal intensive care units are
reluctant to continue or introduce enteral feedings
during NSAID treatment. Eighty percent of the
infants that participated in the European trials of
prophylactic and early therapeutic NSAID for PDA
were receiving trophic feedings without any appar-
ent untoward effect (Overmeire et al. 2000, 2001a,
2004a; Gournay et al. 2004). Themost recentmeta-
analysis showed that necrotizing enterocolitis is
less likely to occur post ibuprofen than post indo-
methacin treatment (Ohlsson et al. 2010).

69.5.5 NSAID Dosing Schemes

The pharmacokinetic parameters vary widely in
preterm infants due to physiological changes that
occur after birth. Studies have shown large pro-
longed half-life for indomethacin (11–36 h) and
reduced clearance rate in the preterm infant, both
of which reveal marked interindividual variations
(Thalji et al. 1980; Shaffer et al. 2002). The vol-
ume of distribution also varies and is influenced
by the patency of the ductus (Gal et al. 1991).
Accordingly, optimal therapeutic dosing is diffi-
cult to establish (Guimarães et al. 2009). The most
widely used doses for indomethacin are three
times 0.1–0.25 mg/kg administered every
12–24 h. The lower dose with longer interval is
recommended when treatment is initiated on the
first day. The registered dosing scheme for ibu-
profen consists of a first dose of 10 mg/kg
followed by a second and third dose of 5 mg/kg
at 24 hourly intervals.

In order to improve efficacy/side effect ratio of
NSAID during treatment for PDA, a variety of
adapted dosing schemes have been studied. As it
has been observed that PGE2 production resurges
within 5 days of indomethacin treatment (Seyberth
1983), a prolonged course consisting of additional
indomethacin doses has been tried (Herrera et al.
2007). Unfortunately, no significant benefit for clo-
sure rates, not less reopenings or ligations, and no

improvement for BPD, IVH or mortality rates has
been obtained. A lower proportion of infants with
diminished urine output was observed (typical RR
0.27; 95% CI 0.13–0.6) but at the expense of an
increased risk of NEC (RR 1.87; 95% CI
1.07–3.27) (Herrera et al. 2007).

The continuous infusion of indomethacin has
been advocated to avoid disturbances in cerebral
perfusion (Christmann et al. 2002), but was
reported later to be less effective in extremely low
birthweight infants (Vries et al. 2005). Interest-
ingly, by applying a stepwise increasing dosage
of indomethacin based on echographic evaluation,
the group of Sperandio et al (Sperandio et al. 2005)
obtained ductal closing rates up to 80% without
apparently increasing side effects. After an initial
standard treatment, subsequent doses were given if
the ductus persisted as assessed by echocardio-
Doppler. Cumulative indomethacin doses were as
high as 6 mg/kg (Sperandio et al. 2005). As the
efficacy of ibuprofen at extremely low gestational
ages is comparably reduced to indomethacin
(Su et al. 2008), the administration of additional
doses has been investigated. In a group of
25 VLBW infants that received a second course
of three doses of ibuprofen the additional closure
was 48% (Lago et al. 2002). Su et al (Su et al. 2008)
obtained an additional closure rate of 50% by
administrating up to six doses of ibuprofen. Similar
efficacywas demonstrated after the first and second
course in a study population of 160 infants with
birthweight below 1000 g with a cumulative clo-
sure rate of 65% (Richards et al. 2009). In order to
optimize the efficacy of ibuprofen, an adapted dos-
ing scheme based on postnatal age has been pro-
posed (Hirt et al. 2008). Further studies are
warranted to investigate whether an individualized
ibuprofen dosing scheme would result in an
increased benefit/risk ratio.

69.6 Surgical Treatment

Since the introduction of indomethacin in the
1980s, surgical ligation has been reserved for
those infants for whom treatment with NSAIDs
fails or is contraindicated (Gersony et al. 1983).
Beyond the third to fourth week of life, efficacy of
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COX-inhibitors rapidly declines as the patency of
the ductus is less regulated by prostaglandins.
Ligation then becomes an option, however it
remains nonetheless associated with a number of
complications such as pneumothorax, bleeding,
IVH, chylothorax as a result of thoracic duct
injury, vocal cord paralysis, wound infection,
hypotension, and left ventricular dysfunction in
the days after the procedure (Little et al. 2003;
Sørensen et al. 2010; McNamara et al. 2010;
Seghaye et al. 1997; Moin et al. 2003). The mor-
bidity rate ranges from 1 to 16% and mortality
from 0% to 10%. In a large retrospective study,
surgical ligation and indomethacin treatment for
significant PDAwere associated with a compara-
ble risk for NEC or NEC-related gastrointestinal
complications (O’Donovan et al. 2003) but
mechanics of breathing significantly improved
after ligation (Szymankiewicz et al. 2004). How-
ever, there are no recent controlled comparisons
between pharmacological, conservative and sur-
gical methods of PDA closure. Only one trial in
1983 enrolling 154 infants, compared initial sur-
gical ligation versus medical treatment (Gersony
et al. 1983). No statistically significant difference
was found between the groups for mortality,
chronic lung disease, NEC or IVH. An increase
in pneumothorax (RR = 2.68; CI 1.45–4.03) and
retinopathy of prematurity (RR = 3.80; CI
1.12–12.93) was observed in the ligated group.
The use of prophylactic ligation cannot be
recommended based on the limited current evi-
dence (Mosalli and Alfaleh 2008). Additional data
from the TIPP study indicated that ligation of the
ductus was associated with a higher risk of BPD,
severe retinopathy of prematurity and neurosen-
sory impairment (Kabra et al. 2007). A retrospec-
tive analysis of 446 infants showed that ligation
was significantly associated with chronic lung
disease (Chorne et al. 2007b). In a group of
20 infants, a further decrease of oxygenation of
the brain was observed by use of near infra red
spectroscopy (Lemmers et al. 2010). No increased
brain injury, however, was noted in a preterm
baboon model (Loeliger et al. 2009). Because of
the associated risks of ductal ligation in preterm
infants in recent papers and the absence of recent
comparative clinical trials, the primary surgical

closure of the ductus does not seem advisable
(Malviya et al. 2008).

69.7 Conclusions

PDA continues to be a frequent complication of
extremely premature birth, despite the more gen-
eralized use of antenatal steroids, postnatal sur-
factant administration and the improvement of
non-invasive ventilatory strategies. Many perina-
tal factors influence the development of a symp-
tomatic PDA. A large left to right shunt may cause
profound hemodynamic disturbances to local
organs and the brain. From the NSAIDs studied,
ibuprofen actually seems to be the preferred drug
for pharmacological treatment because of its more
favorable benefit/risk ratio. The therapeutic
response of the most immature infants, however,
is limited for all investigated COX-inhibitors. Sur-
gical ligation of the duct should be considered as a
backup treatment, because it carries the risk of
serious complications and destabilization of the
infant. Unfortunately, in spite of many studies,
investigations and trials, there is no generally
accepted and conclusive evidence to decide at
which moment and to which infants the treatment
of the ductus should be pursued in order to
improve their long-term outcome.
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