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ABSTRACT

Observational studies have associated patent ductus arteriosus (PDA) ligation in preterm infants with increased chronic lung disease (CLD), retinopathy
of prematurity, and neurodevelopmental impairment at long-term follow-up. Although the biological rationale for this association is incompletely
understood, there is an emerging secular trend toward a permissive approach to the PDA. However, insufficient adjustment for postnatal, pre-ligation
confounders, such as intraventricular hemorrhage and the duration and intensity of mechanical ventilation, suggests the presence of residual bias
due to confounding by indication, and obliges caution in interpreting the ligation-morbidity relationship. A period of conservative management after
failure of medical PDA closure may be considered to reduce the number of infants treated with surgery. Increased mortality and CLD in infants with

persistent symptomatic PDA suggests that surgical ligation remains an important treatment modality for preterm infants.
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INTRODUCTION

Patent ductus arteriosus (PDA) occurs in up to 60% of
preterm infants born at <29 weeks gestational age (GA).!* It
is associated with mortality and severe morbidity, including
intraventricular hemorrhage (IVH), necrotizing enterocolitis
(NEC), prolonged ventilator dependency, and an increased
incidence of chronic lung disease (CLD)5! and retinopathy of
prematurity (ROP).1 The associations with morbidity have
motivated over three decades of research trials and clinical
focus aimed at mitigating the potential negative effects of the
ductal shunt. Treatments targeting ductal closure include
pharmacotherapy (cyclooxygenase inhibitors or more
recently, acetaminophen), and surgical ligation.! Surgical
PDA ligation is usually only considered when medical
treatments have either failed or were contraindicated.!®

Controlled  observational studies have associated
PDA ligation with increased CLD,”* ROP/™* and
neurodevelopmental impairment (NDI) at 18-24 month
follow-up.®! However, the biological rationale for this
association is incompletely understood. In addition,
the predominant clinical utility of ligation as a “rescue”
treatment may have resulted in confounding by indication,
where ligated infants may be more likely to have increased
pretreatment morbidity. This potential source of bias
threatens the validity of these studies. This review will
examine the major studies and biological plausibility
associating ligation with increased morbidities, the impact
of potential bias on the validity of these observational

studies, and the recently reported effects of treatment
strategies that avoid surgical PDA closure.

PATENT DUCTUS ARTERIOSUS LIGATION
AND THE ASSOCIATION WITH SEVERE
MORBIDITIES OF PREMATURITY

In a large retrospective cohort study of preterm infants
born <32 weeks GA with a symptomatic PDA, Mirea et al.
compared neonatal outcomes according to PDA treatment
assignment.”] After adjustment for confounders, infants
treated with surgical ligation had lower mortality but higher
odds of CLD and ROP, compared with infants treated
with medical management alone [Table 1]. Similarly, in
a retrospective review of 426 extremely low (<1000 g)
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birth-weight (ELBW) infants, Kabra et al. detected higher
CLD and ROP in 110 infants who underwent surgical ligation
compared to 316 infants who received medical management
only [Table 1].®" Higher CLD among infants with PDA ligation
was also reported by Madan et al.”! in a review of 2,838 ELBW
infants who received treatment for a symptomatic PDA. In a
post hoc analysis of a small randomized controlled trial** that
compared early prophylactic surgical ligation (95% ligated)
with delayed selective ligation (56% ligated) in ELBW infants,
the prophylactic ligation group had a higher-risk of moderate
to severe CLD (48% vs. 21%, P < 0.05).1""

Several studies have associated PDA ligation with increased
NDI®s! [Table 1]. Kabra et al. found increased cognitive
delay and a composite of NDI at 18-month follow-up in
ligated compared with medically treated infants, after
adjusting for perinatal covariates and the total dose of
indomethacin received during hospitalization.”! Madan
et al. reported increased NDI among infants treated with
indomethacin and ligation, compared with infants treated
with indomethacin alone, after adjusting for perinatal
covariates and postnatal sepsis."’

BIOLOGICAL AND CLINICAL EVIDENCE
FOR A CAUSAL EFFECT OF PATENT
DUCTUS ARTERIOSUS LIGATION

The pathogeneses of CLD, ROP, and NDI are a complex
interplay of the immediate and longitudinal effects of
perinatal and postnatal insults on pulmonary, cardiac,

immunological, metabolic and cerebral physiology and
development. Surgical PDA ligation is a comparatively
brief exposure in the context of the neonatal intensive care
unit (NICU) course of an extremely preterm infant. To be
causally related to severe morbidities, exposure to ligation
must therefore induce a profound and lasting cascade of
adverse end-organ effects.

Several intra- and post-operative factors potentially
support a biological association of ligation and severe
morbidities of prematurity. Operative management
involves invasive mechanical ventilation, the need for
analgesia, administration of induction and maintenance
anesthetic agents, posterolateral thoracotomy, retraction
of the left lung, and the application of a clip or ligature to
the ductus arteriosus. Immediate complications include
bleeding, chylothorax, pneumothorax, and inadvertent
occlusion of the left main bronchus, left pulmonary
artery or aorta.>'!l Postoperatively, poor tolerance of
the increased left ventricular afterload following surgical
interruption of the ductal shunt places up to half of preterm
infants at risk of acute left ventricular dysfunction and
associated cardiorespiratory failure, termed post ligation
cardiac syndrome (PLCS).['s! Left vocal cord paresis (VCP)
has been reported to occur in 1-50% of preterm infants
after PDA ligation, and presents with signs of upper
airway obstruction and respiratory failure at the time
of endotracheal extubation.'+*®17] Tt is plausible that the
collective cardiopulmonary and systemic adverse effects of

Table 1: Odds ratios for neonatal and neurodevelopmental outcomes for infants with a patent ductus arteriosus
treated with surgical ligation compared with medical management

Study Characteristics 0dds ratios (95% confidence intervals)
Death ROP CLD NDI Death or NDI
Kabra 2007* 426 ELBW infants with symptomatic PDA 0.56 2.20 1.81 1.98 1.55
PDA ligation (n=110) (0.29-1.10)  (1.19-4.07) (1.09-3.03) (1.18-3.30)  (0.97-2.50)
Medical treatment only (1=316)
Madan 2009" 2,838 ELBW infants with PDA and known treatment assignment 0.56 - 2.89 1.58 1.20
Primary ligation (n=135) (0.35-0.90) (2.18-3.84) (1.27-1.97)  (0.82-1.76)
Indomethacin only (n=1, 525)
Indomethacin and ligation (n=775)
No treatment (n=403)
Clymans 2009¢  Post-hoc analysis of RCT comparing early prophylactic ligation (n=40) 0.87 - 5.83 - -
vs. delayed selective ligation (n=44) in ELBW infants (0.36-2.09) (1.46-23.3)
Mirea 20128 Infants with GA<32 weeks with a PDA. 0.41 1.91 2.30 - -
Conservative treatment (n=577) (0.31-0.54) (1.51-2.41) (1.91-2.77)

Indomethacin only (n=2,026)
Indomethacin and ligation (n=626)
Primary ligation (n=327)

CLD — Chronic lung disease; ELBW — Extremely low birthweight; GA — Gestational age; NDI — Neurodevelopmental impairment; PDA — Patent ductus arteriosus; RCT — Randomized controlled
trial; ROP — Retinopathy of prematurity, *Adjusted for antenatal steroids, gestational age at birth, sex, multiple births, mother's education, and total dose of indomethacin received per kg of
bodyweight between birth and discharge from the study center, 'Adjusted for center, gestational age at birth, birthweight, gender, prophylactic indomethacin, Apgar score, severe RDS, growth
restriction, antenatal steroids, antenatal/postnatal infection, maternal marital status and maternal age, 'Unadjusted odds ratios computed from randomized controlled trial. *Adjusted for
gestational age, antenatal steroids, multiple births, gender, small for gestational age, Score for Neonatal Acute Physiology II. This data was provided by the primary author and is unpublished
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these complications may initiate or enhance morbidity in
preterm infants.

Chronic lung disease

The pathophysiology of CLD involves pulmonary
immaturity, oxidative stress, and an imbalance of proteases/
anti-proteases and oxidants/anti-oxidants. Combined with
alveolar inflammation due to chorioamnionitis or the
effects of mechanical ventilation, there is a culmination of
heterogeneous areas of atelectasis, overdistension, fibrosis,
disrupted alveolarization, and decreased microvascular
development.

Animal studies support a link between ligation and the
development of CLD. While pharmacologic PDA closure
reduces the detrimental effects of preterm delivery on
pulmonary function and alveolar development, ligation
of a moderate PDA in preterm baboons has not been
found to improve alveolar surface area or pulmonary
mechanics."®! Waleh et al. identified that compared with
untreated subjects, preterm baboons treated with ligation
produced a significant increase in the expression of genes
involved in pulmonary inflammation and a decrease in
alveolar fluid clearance.’ These findings support the
biological plausibility of a causal effect of ligation and CLD.

In contrast, the clinical complications of surgical ligation
have been variably associated with increased risk of CLD.
PLCS has not been associated with CLD,>* and the effect
of anesthesia has not been evaluated. While pneumothorax,
chylothorax, and obstruction of a great vessel or bronchus
may result in lung injury or prolonged mechanical
ventilation, their collective incidence is low (<3%) and are
unlikely to account for increased CLD. !+

Left VCP may result in upper airway obstruction and
aspiration of gastric or upper airway contents, with
resultant difficulty weaning from invasive mechanical
ventilation. In a retrospective analysis of 60 ELBW infants
treated with ligation, 22 of the surviving 55 infants were
diagnosed with left VCP. Left VCP was associated with
higher adjusted odds of CLD.!') In a prospective study
of 61 ligated preterm infants who were successfully
extubated and underwent routine flexible laryngoscopy,
7 (11.5%) were identified as having left VCP, of which
two were symptomatic.?” VCP was associated with a
longer duration of mechanical ventilation (49 vs. 27 days,
P = 0.05). Importantly, this study excluded four infants
who required tracheostomy due to extubation failure,
which may have underestimated the adverse effect of VCP
in this study.! Jawa et al. retrospectively reviewed 98
ligated preterm infants, of whom 32 (33%) had left VCP.
After adjusting for GA, there was a trend toward increased
CLD in infants with VCP (adjusted odds ratio: 7.14,

95% confidence intervals: 0.87-100), but no effect on the
number of days of mechanical ventilation.>3]

Clinical trials of PDA ligation have randomized infants
to routine versus selective ligation, and therefore only
permit estimating the difference in risk between these
two approaches. Gersony et al. randomized 154 infants
with a persistent PDA after conservative therapy (fluid
restriction, diuretics, and digoxin) to routine ligation
versus indomethacin with ligation as a back-up. All but
one infant (99%) in the routine ligation group underwent
surgery compared with 33% of the indomethacin with
ligation back-up group. Pneumothorax occurred more
often in the routine ligation group (39 vs. 15%, P < 0.0001),
but there was no difference in the risk of CLD (39% vs.
31%, P = 0.30), duration of invasive mechanical ventilation
(P = o0.20), or duration of nasal continuous positive
airway pressure (P = 0.20).24 In the only randomized
trial of prophylactic surgical ligation in ELBW infants,
the prophylactic ligation group had a higher-risk of
moderate-severe CLD compared with the control group
in whom surgical ligation was selectively performed to
treat a symptomatic PDA.I'! Importantly, both of these
trials were small and conducted over 30 years ago. The
interim evolution of neonatal care practices likely limits the
contemporary relevance of these findings.

Retinopathy of prematurity

The pathogenesis of ROP proceeds in two phases and is
governed by vascular endothelial growth factor (VEGF) and
insulin-like growth factor 1 (IGF-1).5s! First, preterm birth
results in a reduction in circulating IGF-1, and high oxygen
exposure suppresses VEGF, leading to cessation of normal
retinal vascular growth and a demarcation line of retinal
vascularization. Subsequently, hypoxia-induced increases
in retinal and vitreal VEGF combine with maturity-related
increases in IGF-1 to promote retinal neovascularization
at the demarcation line at approximately 32-34 weeks GA.
This neovascular proliferation may result in fibrosis and
eventual retinal detachment.

A direct effect of PDA ligation on retinal angiogenesis,
VEGF or IGF-1 has not been evaluated. While PDA and
surgical ligation have been associated with perturbations in
cerebral oxygen saturation and perfusion,®®3*! no studies
have investigated the role of ischemia-reperfusion injury on
ROP. In lieu, increased hypoxia, likely in parallel with the
factors contributing to CLD, forms the dominant biological
rationale for the association between ligation and ROP. Thus
complications, such as pneumothorax, VCP, and postoperative
cardiorespiratory instability may be risks for ROP. In the trial
by Gersony et al., infants with a persistent PDA randomized
to routine ligation had increased risk of ROP (15% vs. 4%,
P = 0.02) compared with the group treated with ligation after
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failure of medical closure with indomethacin.*¥ In contrast,
Cassady et al. reported no difference in ROP between infants
randomized to early prophylactic ligation versus selective
ligation for persistent symptomatic PDA (5% vs. 14%,
P = 0.62), though the trial was not powered to assess this
outcome. No difference in ROP has been detected between
infants with and without VCP after ligation,**33! and the effect
of PLCS on ROP has not been evaluated.

Neurodevelopmental impairment

Neurodevelopmental impairment in preterm infants is
commonly defined as a composite outcome comprising
neuromotor,  neurocognitive = and  neurosensory
impairment.®  Cerebral injury/dysmaturation and
subsequent NDI is likely the final common pathway
after cardiorespiratory instability leads to hypoxia-
ischemia-reperfusion injury, inflammation, or arrested
development of sensitive, immature white and grey
matter [Figure 1].13442]

Predictive models have identified risk factors for death
and NDI at different time points during NICU care.
At birth, GA, birth-weight (BW), multiple gestation,
antenatal corticosteroids, intra-uterine growth restriction
and gender are the most important prognostic perinatal
risk factors for death and NDL[#>4! At the time of NICU
discharge, neonatal morbidities of prematurity such as
CLD, ROP, sepsis and major brain injury can reliably
predict NDI at 18-24 months corrected age.[*++! The
increased CLD and ROP associated with ligation may
therefore represent a credible causal pathway linking
ligation and increased NDI.

Other aspects of PDA ligation that may contribute to
the risk of NDI include the effects of anesthesia and
postoperative  hemodynamic  compromise.  Recent
cohort studies, including sibling studies, have associated
the administration of anesthesia in infancy and early
childhood with NDI.4¢51 This association was weakened

after adjustment for key covariates, such as perinatal
characteristics (e.g. prematurity), the indication for
anesthesia, and socioeconomic factors, but remained
significant for repeated exposure to anesthesia. While PLCS
may result in cerebral hypoperfusion and injury,*#5>5% a
recent retrospective study found no association between
PLCS and NDLE Infants who are <28 days old or <1000 g
at the time of ligation are at highest-risk for PLCS, likely
due to decreased adaptability of the preterm myocardium to
altered loading conditions.’75® This suggests that the timing
of ligation may contribute to the risk of NDI; however, a
post hoc analysis of the trial of indomethacin prophylaxis in
preterm infants found no association between the timing of
PDA ligation and NDL® Vocal cord paresis, while variably
associated with CLD, has not been associated with increased
adjusted odds of cerebral palsy or hearing loss.!

CONFOUNDING BY INDICATION:
A SOURCE OF RESIDUAL BIAS

A serious concern in observational studies is bias arising
when treatment assignment is not independent of
baseline prognostic factors. The methodology used in
the observational studies described above suggests that
the authors did not adequately address confounding
by indication. Multivariable analyses were performed
that predominantly controlled for antenatal or perinatal
covariates [Table 1]. This set of covariates, if complete,
would be sufficient to balance baseline prognostic factors
for interventions that occur shortly after birth. However,
PDA ligation typically occurs several weeks after birth,
and the interval accumulation of PDA-related postnatal
comorbidities influences both treatment assignment and
outcomes.

Patent ductus arteriosus ligation may be a surrogate marker
for increased illness severity, as “sicker” infants may be
more likely to be referred for ligation. Medical or surgical
treatments to close the PDA are typically considered for

Pulmonary Overcirculation /_
Respiratory failure Physiological
« Invasive mechanical ventilation Instability
. » Non-invasive mechanical
Preterm infant ventilation N Svstemi
with a PDA ystemic
. GA Inflammation
. Birthweight \
. ACS Sepsis
« Multiple births
+ Gender Systemic hypoperfusion PDA Ligati LD /ROP N
\IJ;_MLL igation N Cl /RO euro -
* Feeding intolerance 2 N developmental
« Necrotizing enterocolitis Cer_ebral impairment
« Intraventricular hemorrhage Injury
« Shock

Figure 1: Directed acyclic graph depicting the relationship between perinatal and postnatal factors, physiological instability and systemic
inflammation, patent ductus arteriosus ligation and neonatal and neurodevelopmental outcomes (ACS — Antenatal corticosteroids, CLD — Chronic
lung disease; GA — Gestational age, ROP — Retinopathy of prematurity, PDA — Patent ductus arteriosus)
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infants dependent on mechanical ventilation, with surgical
ligationreserved forinfants with persistent PDA after medical
treatment has failed or was contraindicated. A survey
of American neonatologists confirmed that clinicians
are much more willing to treat with ligation in infants
dependent on invasive mechanical ventilation, compared
with those supported noninvasively (91% vs. 37%). The
same group was comparatively more willing (73%) to treat
noninvasively ventilated infants with indomethacin or
ibuprofen.’! Studies to date have inadequately addressed
this confounding by indication-that infants referred for
ligation may be more “ill” at the time of the decision to treat
with surgery, compared with infants who are treated with
medical management alone.

Illness severity, characterized by dependence on mechanical
ventilation, IVH, and sepsis, predicts both neonatal
morbidities and NDI.[B#3¢4s606] Severe IVH is a true
confounder as it is associated with both PDA ligation and
NDI,>¢! and is not on the causal pathway. Although IVH
has been found to occur after treatment with ligation and
indomethacin,”) most (90%) IVH occurs in the 1% week
of life,®® preceding the timing of surgical ligation reported
by most studies.[7%72] Other studies have demonstrated
that IVH does not worsen after PDA treatment with
indomethacin or ligation.375] Postnatal sepsis and NEC
are other important potential postnatal confounders, which
increase illness severity and are associated with both PDA
ligation and death or NDI.[6:7679]

However, these morbidities can occur both before, during,
or after PDA treatments and thus may be confounders
in some infants, and outcomes in others. It is clear that
only morbidities arising during or after surgery may be
attributable to a complication of ligation. It follows that
morbidities (or the precursors of them) that existed prior
to ligation, if they influence treatment assignment and
outcomes, are potential or true confounders. It is therefore
necessary to obtain data on the timing and severity of
respiratory failure, IVH, NEC, and sepsis relative to surgical
ligation, to correct for possible bias due to these potential
confounders in multivariable analyses examining the
impact of surgical PDA ligation.

The reported association of PDA ligation and CLD is perhaps
the most problematic. While several studies performed
multivariable analyses examining the effect of ligation on
CLD, most studies did not adjust for illness severity or
postnatal morbidities (including respiratory) beyond the
1 day of life.”® Persistent dependence on mechanical
ventilation is commonly considered the sine qua non of
treating with surgical ligation,7°7:%%] yet it is also a risk
factor for CLD. Persistent postnatal respiratory support
at 7 or 28 days of life is a more accurate predictor of CLD

than perinatal or early postnatal characteristics (e.g. GA,
Score For Neonatal Acute Physiology).® This difference
in predictive ability may help quantify the residual
confounding in studies that only adjusted for perinatal
covariates. While some studies have adjusted for postnatal
sepsis,*”! and NEC,7¢! known risk factors for CLD,® they
did not differentiate whether these morbidities occurred
before or after ligation.

Confounding by indication may have also resulted in biased
estimates of the association between ligation, and ROP and
NDI. Increased post-ligation cardiorespiratory morbidity
may be an important pathophysiological route of causality
for both ROP and NDI, but may be as confounded as the
outcome of CLD. It is noteworthy that in a retrospective
study that adjusted for IVH, hypotension in the 1* week of
life, and respiratory failure severity at the time of surgery,
ligation was found to be protective against the outcome
of death or NDI compared with non-surgically treated
infants with PDA.®! In another retrospective study of
446 extremely preterm infants treated with routine early
ligation after failure of indomethacin treatment, PDA
ligation was not associated with increased NDI compared
with infants without a PDA, after adjustment for GA, severe
IVH and periventricular leukomalacia.”® The finding of
a lack of harm associated with ligation, after adjusting for
postnatal pre-ligation morbidities, supports the possibility
of confounding by indication in studies that only accounted
for perinatal covariates.

Other implicated aspects of surgical ligation, such as
anesthesia effects and PLCS, are biologically plausible but
inconsistently supported.?>#s! In addition, the use of
targeted milrinone prophylaxis has significantly reduced
the incidence of PLCS.s! Any contribution of PLCS to
increased NDI in prior studies may be diminished under
contemporary practices.

PERMISSIVE APPROACH TO THE
PATENT DUCTUS ARTERIOSUS: ARE WE
ACHIEVING WHAT WE WANT?

In light of reports associating therapies aimed at PDA
closure with increased neonatal morbidities and NDI, some
authors have advocated avoiding cyclooxygenase inhibitors
and surgical ligation.s*##¥] This has been accompanied
by a secular trend away from surgical ligation and toward
a permissive (or “conservative”) approach to the PDA,
incorporating the use of fluid restriction, diuretics and
increased positive end-expiratory pressure. The goal is to
limit shunt volume and/or improve an infant’s physiological
tolerance of the PDA without trying to achieve ductal
closure using medication or surgery. The permissive
approach still recognizes that some ductal shunts have
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demonstrable circulatory effects and should not be ignored,
but rather managed using intensive care strategies. Many
of the studies advocating this approach to the PDA still
employed pharmacotherapy and/or surgical ligation as a
“back-up,” suggesting that a proportion of the persistent
PDA shunts were considered pathological.

Studies have reported that strategies avoiding or more
selectively administering ductal closure treatments resulted
in outcomes that are no worse (and perhaps better) than
outcomes where infants were more aggressively treated
with medication or surgery.®** Jhaveri et al. reported
similar neonatal outcomes with a late, selective ligation
strategy compared with an early ligation approach for
infants with a persistent PDA after medical therapy
failure.”" This same group subsequently reported improved
neurodevelopmental outcomes in the delayed selective
ligation group.® Another single-center study reported
100% spontaneous PDA closure and no increased neonatal
complications among infants <30 weeks GA treated with
a conservative approach consisting of fluid restriction and
increased positive end-expiratory pressure.*!

However, recent studies have associated a conservative
approach to the PDA with increased mortality and
morbidity. A retrospective study of very low birthweight
infants compared the neonatal outcomes across epochs,
after moving to a permissive approach from a strategy
of early indomethacin and/or ligation.®® In the period
where conservative measures were used, the outcomes
of bronchopulmonary dysplasia (BPD) alone, and
the composite outcome of death or BPD were both
increased.®® Brooks et al. investigated the outcomes of
preterm infants <28 weeks GA with a persistent PDA after
failure of indomethacin treatment, for whom surgical
ligation was unavailable.”) Compared with infants whose
PDA had closed with indomethacin, infants with a persistent
PDA had similar rates of CLD, IVH and NEC, but higher
mortality. Noori et al. have reported a similar increase in
mortality among infants with a persistent PDA compared
with infants with a closed ductus, after adjusting for GA,
5-min Apgar and clinical risk index for babies scores, severe
IVH, NEC, sepsis and COX inhibitor exposure.!*4

Lower mortality in ligated versus non-surgically treated
infants was confirmed in a recent systematic review and
meta-analysis.®s! Although the possibility of survival bias
necessitates caution in interpreting this finding, it suggests
that the association of ligation with increased morbidity
may be influenced by improved survival of higher-risk
infants treated with ligation. This is supported by the
absence of a difference in the composite outcome of death

or NDI among ligated versus medically treated infants
[Table 1].0!

72

In summary, early routine surgical ligation subjects many
infants to the risks of surgery whose PDAs may close
spontaneously, and is unwarranted. A period of conservative
management for a PDA in preterm infants may be a useful
adjunct to ductal closure, either as primary therapy or after
failure of medical treatment, though the optimal duration
of “watchful waiting” requires further study. Nonetheless,
increased mortality and CLD associated with persistent
symptomatic PDA indicates that the ductal shunt is
potentially hazardous, should continue to be considered in
the routine prescription of intensive care support, and that
surgical ligation remains an important treatment modality.

CONCLUSION

Observational studies have associated PDA ligation with
increased CLD, ROP and NDI, and contributed to a trend
toward a permissive approach to the PDA. Failure to adjust
for postnatal, pre-ligation confounders, such as IVH, the
duration and intensity of mechanical ventilation, NEC, and
sepsis, confers a risk of residual bias and obliges caution
in interpreting these findings. A period of conservative
management after failure of medical PDA closure may be
considered to reduce the number of infants treated with
surgery. However, increased mortality and CLD in infants
with persistent symptomatic PDA suggests that the ductal
shunt should not be neglected if medical therapy fails,
and that surgical ligation remains an important treatment
option for preterm infants.
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