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Abstract

Introduction: Failure of the patent ductus arteriosus to close is common among extremely low
birth weight neonates and has been associated with increased morbidities. The objective of this
study was to compare outcomes between early and late surgical ligation in extremely low birth
weight patients. Methods: This was a single-centre retrospective cohort study of infants who
required surgical closure of patent ductus arteriosus between January 2017 and August 2022.
Results: A total of 43 neonates were identified with birth weight less than 1 kg that underwent
surgical patent ductus arteriosus ligation. Compared to the late ligation group, the early ligation
group experienced fewer total days of mechanical ventilation (43.9 days vs. 97.2 days, p< 0.05)
and a shorter length of hospital stay (114.2 days vs. 169.0 days, p< 0.05). Conclusion: Early
surgical ligation of haemodynamically significant patent ductus arteriosus in extremely low
birth weight neonates may improve hospital morbidity, including improved ventilatory
outcomes and a shorter length of stay.

Introduction

In the developing fetus, the ductus arteriosus is a vascular structure that connects the pulmonary
artery to the descending aorta, shunting blood flow away from the lungs. After birth, the ductus
arteriosus is typically closed (functionally) within 72 hours of life in response to increased
alveolar oxygen tension as well as hormonal and biochemical changes.1–5 However, when the
patent ductus arteriosus fails to close, oxygenated blood from the descending aorta can course
into the pulmonary artery resulting in pulmonary over-circulation and subsequent pulmonary
oedema, left heart overload and ductal “steal” from the systemic circulation. This can be
associated with increased morbidity, including prolonged mechanical ventilation, broncho-
pulmonary dysplasia, necrotising enterocolitis, and intraventricular haemorrhage, and
mortality.2,5–8

It is well documented that the rate of spontaneous closure of the ductus arteriosus is
decreased with younger gestational age or lower body weight. 6–9 Extremely low birth weight
infants (birth weight ≤1000 g) are especially prone to persistent patent ductus arteriosus, with
studies indicating that spontaneous closure occurs in only 34% of extremely low birth weight
infants by day 10 of life.10 By contrast, among infants with birth weight >1000 g, spontaneous
closure occurs in approximately 94% of infants.11 Furthermore, extremely low birth weight
infants experience a longer time to spontaneous closure, with a median time to closure of 56
days, compared to 7 days among infants with birth weights >1000 g.5 It is speculated that the
failure of closure is secondary to amultitude of differences in extremely low birth weight patients
including mechanical differences in the patent ductus arteriosus, hypoxia, and increased nitric
oxide and prostaglandin signalling.5,12

Prior observational studies have demonstrated that interventional closure before the first
month of life in premature or extremely low birth weight infants is associated with decreased
hospital length of stay and reduced rates of bronchopulmonary dysplasia, pulmonary
hypertension, intraventricular haemorrhage, necrotising enterocolitis, and mortality.6–11

Although there is growing experience with catheter-based interventional closure, surgical
ligation of patent ductus arteriosus at the onset of enrolment was the definitive treatment of
extremely low birth weight infants. Moreover, optimal timing for any intervention in extremely
low birth weight infants is undefined, with common practice to attempt medical closure in the
first month of life prior to attempting surgical closure.6,7

The purpose of this study was to assess whether surgical ligation of patent ductus arteriosus
within the first month of life is associated with decreased mortality, length of mechanical
ventilation, neonatal ICU length of stay, rates of tracheostomy during hospital stay, and
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pulmonary vasodilator or supplemental oxygen use at discharge in
extremely low birth weight infants who were diagnosed with a
haemodynamically significant patent ductus arteriosus.

Methods

Study population

This was a single-centre retrospective cohort study review of
infants who required surgical closure of patent ductus arteriosus
between January 2017 and August 2022 at a level IV neonatal ICU
based in a tertiary referral centre. The institutional review board at
our institution reviewed and approved the study protocol. The
study included all neonates undergoing surgical closure of a
haemodynamically significant patent ductus arteriosus and weight
at birth≤1000 g. Patients transferred to other hospitals prior to
discharge, discharged from the neonatal ICU prior to surgical
ligation, and those with complex CHD were excluded. Patients
meeting inclusion criteria were then divided into two cohorts: early
ligation and late ligation. The early ligation cohort underwent
patent ductus arteriosus surgical ligation at or before 30 days
of life, and the late ligation cohort underwent surgery after
30 days of life.

Definitions

Haemodynamically significant patent ductus arteriosus
The diagnosis of a haemodynamically significant patent ductus
arteriosus was confirmed with clinical assessment and echocar-
diography by a paediatric cardiologist and neonatal ICU team
prior to surgical ligation.

Medical treatment
Pharmacologic therapy with ibuprofen, acetaminophen, or
indomethacin was attempted in all cases unless contraindicated.
Fourteen patients (33%) were referred to our institution from 8
outside hospitals, so the medical treatment regimens and the
number of trials varied. In the absence of standardised protocols
for the administration of medical patent ductus arteriosus closure
attempts, “Medical treatment” was defined by the medical team’s
intention to achieve medical closure when initiating pharmaco-
logical therapy.

Surgical ligation
The indications for surgical ligation included failure or contra-
indications of medical treatment with clinical and/or echocardio-
graphic evidence of a haemodynamically significant patent ductus
arteriosus. All patent ductus arteriosus ligations were performed at
our institution under general anaesthesia by an experienced
paediatric cardiothoracic surgeon via left posterior thoracotomy.
While transcatheter closure of patent ductus arteriosus in
extremely low birth weight infants has been increasingly adopted
after 2019, at the time of this study, surgical ligation was the
institutional preference.

Variables and outcomes
Patients’ baseline characteristics including GA, birth weight,
weight for GA, sex, age at surgery, and weight at surgery were
reviewed. Data concerning preoperative comorbidities, specifically
necrotising enterocolitis and intraventricular haemorrhage grade 3
or greater, were also collected.

Clinical outcomes of interest were postoperative mortality
during hospital stay and measures of morbidity, including total

days of mechanical ventilation, days of mechanical ventilation
post-surgical ligation, tracheostomy during hospital stay, length of
hospital stay, weight at discharge, and pulmonary vasodilator or
supplemental oxygen use at discharge. Length of hospital stay was
defined as time since birth to discharge, either to home or to a
rehabilitation centre, which was the case for five patients (12%).

Statistical analysis
Continuous data are expressed as mean and standard deviation,
while categorical data are expressed as frequency and proportion.
Comparisons between categorical variables were performed using
chi-square tests or Fisher’s exact tests (if applicable). For
continuous variables, data distribution was tested for normality
using Shapiro–Wilks’ test. T-tests were performed to compare
normally distributed variables, and non-parametric Wilcoxon
rank sum tests were performed to compare non-normally
distributed variables. Logistic regression modelling was utilised
for dichotomous outcome variables by the continuous variable
“age at procedure.” Statistical analysis was performed on JMP® Pro
Version 16.0.0. A p-value of<0.05 was used to define statistical
significance.

Results

A total of 60 neonates were identified with haemodynamically
significant patent ductus arteriosus who received surgical ligation
prior to neonatal ICU discharge. Of these, 43 (71.7%) neonates
were identified with birth weight less than or equal to 1000 g. Nine
(20.9%) of these 43 patients were in the early ligation cohort, and
34 (79.1%) patients were in the late ligation cohort (Fig. 1).

The baseline characteristics and preoperative clinical condi-
tions of all the patients are summarised in Table 1, including a
comparison of the early ligation and late ligation groups. Among
all surgical ligation patients, 22 (51.2%) were male. Mean
gestational age at birth was 25.0 ± 1.3 weeks and mean birth
weight was 714.8 ± 163.5 g. Mean weight at the time of surgical
patent ductus arteriosus closure was 1424.0 ± 714.6 g. When
comparing the characteristics of the two groups, they were found to
be clinically similar. As expected, given the difference in age at the
time of surgery, weight at surgery was significantly lower in the

Figure 1. Flow diagram of the study population. PDA, patent ductus arteriosus; DC,
discharged; OSH, outside hospital; EL, early ligation; LL, late ligation; DOL, day of life.
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early ligation group compared to the late ligation group
(942.2 ± 239.1 g vs. 1551.6 ± 743.7, p< 0.05). However, weight
percentile at surgery did not differ significantly between the two
groups, nor did the other baseline characteristics and pre-surgical
conditions measured.

The postoperative clinical outcomes of the study patients,
including measures of morbidity and mortality, are summarised in
Table 2. Compared to the late ligation group, the early ligation
group experienced significantly fewer total days of mechanical
ventilation during their hospital stay (43.9 ± 17.1 days vs.
97.2 ± 84.9 days, p< 0.05), as well as a shorter length of hospital
stay (114.2 ± 17.7 days vs. 169.0 ± 53.9 days, p< 0.05). Three
neonates died during their postoperative hospital stay, with all
fatalities occurring within the late ligation group and not thought
to be secondary to patent ductus arteriosus ligation, but there was
no statistically significant difference in mortality rate between the

early ligation and late ligation groups. Causes of mortality were
sepsis and pneumonia, acute cardiopulmonary arrest in a
tracheostomy-dependent patient, and respiratory failure in
a tracheostomy-dependent patient.

There were no statistically significant differences in post-
operative mechanical ventilation time, rates of pulmonary vaso-
dilator or supplemental oxygen use at discharge, rates of
tracheostomy during hospital stay, or weight percentile at
discharge between the early ligation and late ligation groups.
Individual clinical characteristics will be described in the
supplemental table.

Discussion

Haemodynamically significant patent ductus arteriosus is a
prevalent issue in extremely low birth weight infants and is
associated with increased hospital morbidity and mortality.2,5–10,12

Previous studies have shown that a patent ductus arteriosus in
extremely low birth weight infants are less likely to close on their
own or they close at much later times than larger birth weight or
older gestational age infants.7,10–12

The results of this study indicate that when compared with
surgical ligation performed after the first month of life, earlier
ligation of haemodynamically significant patent ductus arteriosus
in extremely low birth weight infants may improve hospital
morbidity, including significantly fewer days of mechanical
ventilation, as well as shorter hospital stays. However, we found
no statistically significant evidence that early patent ductus
arteriosus closure was associated with decreased duration of
postoperative mechanical ventilation, use of supplemental
oxygen or pulmonary vasodilators at discharge, tracheostomy,
or mortality.

As indicated above, we found that infants in the early ligation
group had fewer total days of mechanical ventilation (43.9 ± 17.1
days vs. 97.2 ± 84.9 days, p< 0.05), but postoperative days of
mechanical ventilation did not differ significantly. Due to the large
systemic to pulmonary shunt resulting from a patent ductus,
surgical ligation of the patent ductus arteriosus likely improved the
subsequent pulmonary oedema produced by the pulmonary over-

Table 1. Baseline characteristics and pre-ligation clinical conditions of all extremely low birth weight infants undergoing patent ductus arteriosus ligation and a
comparison of clinical characteristics between the early ligation (EL) and late ligation (LL) groups

Total (n= 43) EL (n= 9) LL (n= 34) P

GA (weeks), mean ± SD 25.0 ± 1.3 25.5 ± 1.1 24.9 ± 1.3 0.39

Male gender, n (%) 22 (51.2) 3 (33.3) 19 (55.9) 0.28

Birth weight (g), mean ± SD 714.8 ± 163.5 681.1 ± 145.8 723.7 ± 164.4 0.49

Weight for GA, n (%)

SGA 8 (18.6) 3 (33.3) 5 (14.7) 0.47

AGA 34 (79.1) 6 (66.7) 28 (82.4)

LGA 1 (2.3) 0 (0.0) 1 (2.9)

Weight at surgery (g), mean ± SD 1424.0 ± 714.6 942.2 ± 239.1 1551.6 ± 743.7 0.005*

Weight percentile at SL (%), mean ± SD 29.3 ± 20.6 22.1 ± 12.8 31.2 ± 21.9 0.28

IVH grade 3 or greater, n (%) 11 (25.6) 3 (33.3) 8 (23.5) 0.85

NEC, n (%) 2 (4.7) 0 (0.0) 2 (5.9) 0.62

GA, gestational age; g, grams; AGA, appropriate for gestational age; SGA, small for gestational age; LGA, large for gestational age; SL, surgical ligation; IVH, intraventricular haemorrhage; NEC,
necrotising enterocolitis.
*p< 0.05, statistically significant.

Table 2. Comparison of post-ligation clinical features, morbidity, and mortality
between early ligation and late ligation groups

EL (n= 9) LL (n= 34) P

Total days of MV, mean ± SD 43.9 ± 17.1 97.2 ± 84.9 0.014*

Days of MV post-SL, mean ± SD 21.0 ± 16.8 56.8 ± 79.2 0.332

Length of hospital stay (days),
mean ± SD

114.2 ± 17.7 169.0 ± 53.9a 0.002*

Tracheostomy during hospital
stay, n (%)

0 (0.0) 5 (14.7) 0.57

Supplemental oxygen at
discharge, n (%)

7 (77.8) 25 (80.6)a 0.64

Pulmonary vasodilator at
discharge, n (%)

0 (0.0) 3 (9.7)a 0.397

Weight percentile at discharge
(%), mean ± SD

21.0 ± 23.5 27.0 ± 26.5a 0.48

Mortality, n (%) 0 (0.0) 3 (8.8) 0.356

MV, mechanical ventilation; SL, surgical ligation.
*p< 0.05, statistically significant.
aExcluded n= 3 patients who died prior to discharge.
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circulation.1,13–22 Therefore, infants who underwent earlier surgical
ligation could be weaned off support earlier, whichmay explain the
difference in total days of mechanical ventilation between the
early ligation and late ligation groups. Prior studies by Jaillard,
Ibrahim, and Hsiao also documented improved ventilatory
outcomes among premature infants receiving earlier surgical
closure of patent ductus arteriosus, including lower fraction of
inspired oxygen needed post-operatively, as well as reduced total
time on assisted ventilation.18,21,22 Our study provides further
evidence to the benefits of early closure on the ventilation period,
but the effects on other indicators of respiratory status remain
undetermined.23

Similarly, our results also indicate that early ligation, as
compared to late ligation, is associated with decreased hospital
length of stay (114.2 ± 17.7 days vs. 169.0 ± 53.9 days, p< 0.05).
In addition to the improvements in respiratory outcomes, as stated
above, surgical closure of patent ductus arteriosus in this cohort
has also been shown to improve nutritional status, and it is possible
that earlier surgical ligation can subsequently contribute to earlier
hospital discharge in extremely low birth weight infants as
well.18,21,22,24

There are few reports currently regarding the optimal timing of
surgical ligation in the extremely low birth weight cohort,
specifically. One randomised controlled trial by Cassady et al.
examined early ligation of the patent ductus arteriosus in 84
extremely low birth weight infants with one group undergoing
prophylactic ligation on the day of birth and the other group
receiving standard treatment. 14 They found that early surgical
closure was associated with a lower incidence of necrotising
enterocolitis. However, despite the reduced exposure to patent
ductus arteriosus in the surgical group, performing prophylactic
surgery on day 1 of life is an aggressive procedure that is unlikely to
be adopted broadly. Furthermore, this study was unblinded,
underpowered and conducted over 30 years ago, and so standard
therapies have changed, requiring the results of this study to be
interpreted critically. 25

Lee et al. assessed whether early closure of haemodynamically
significant patent ductus arteriosus (within 7 days) by either
medical or surgical means was associated with morbidity in
extremely low birth weight, and they found that early closure was
related to significantly decreased incidence of bronchopulmonary
dysplasia and intraventricular haemorrhage, shorter hospital stays
and ventilatory support, as well as improved nutritional out-
comes.26 A study by Kabra et al. found that surgical ligation of
patent ductus arteriosus in extremely low birth weight infants may
result in long-term neurosensory impairment, but a more recent
study by Fonseca et al. reported that early closure of patent ductus
arteriosus (within the first 21 days of life) in preterm infants may
actually improve neurological outcomes, as well as lower rates of
bronchopulmonary dysplasia, intraventricular haemorrhage, and
acute renal failure.17,27 Additionally, Clyman et al. demonstrated
that patients less than 28 weeks gestational age that are exposed
to a moderate to large patent ductus arteriosus shunt for at least
7–13 days had an increased risk of developing bronchopulmonary
dysplasia and death.28 Exposure beyond this window (14 days or
greater) did not significantly increase the incidence.28

Lastly, interventional and medical management of haemody-
namically significant patent ductus arteriosus has changed
over the last three decades with surgical ligation rates resultantly
decreasing. 29–31 Medical treatment alone offers moderate success
rates as a non-invasive method of closure, but treatment fails in
20–40% of cases.32 Furthermore, the agents used can have adverse

effects in neonates or may be contraindicated in cases of infants
with renal impairment, necrotising enterocolitis, or intestinal
perforations.32 While surgical ligation patients in the current era
are a complex cohort secondary to advances in medical care,
serious short-term adverse events are seen in a minority of patients
with decreased mortality compared to medical treatment
alone.33,34 Intraoperative hurdles included avoiding injury to the
vascular structures and the recurrent laryngeal nerve. Surgical
ligation for this cohort has been further reduced by the
advancement of percutaneous patent ductus arteriosus closure
in recent years, which has demonstrated relative safety and
effectiveness in patients under 2 kilograms when performed by a
trained interventionalist. 35–37 In a retrospective review performed
by Sathanandam et al. comparing outcomes of extremely low birth
weight infants undergoing transcatheter patent ductus arteriosus
closure or surgical ligation, those who received transcatheter
closure demonstrated more improved pulmonary outcomes post-
procedure compared to surgical closure.36 Similarly, a retrospective
review by Regan et al. comparing surgical and transcather closure
in preterm infants found that neonates undergoing transcatheter
closure experienced shorter duration of mechanical ventilation
during their post-procedure stay in the neonatal ICU.38 Further,
compared to surgical ligation, transcatheter closure has been found
to result in lower incidence of complications, including post-
ligation syndrome.39 While transcather closure was not performed
at our institution at the time of this study, these observational
studies suggest that transcatheter closure may offer improved
outcomes compared to surgical closure techniques. However, these
findings may be centre-dependent, and large randomised clinical
trials comparing transcather and surgical closure are necessary to
determine the true differences in short- and long-term outcomes in
the extremely low birth weight cohort.

In our study, the surgical closure of patent ductus arteriosus in
extremely low birth weight infants within the first 30 days of life
was correlated with improved ventilatory outcomes and shorter
hospital lengths of stay, similar to previous studies examiningmore
broadly defined cohorts of infants. Nevertheless, the evidence
regarding optimal timing of surgical patent ductus arteriosus
closure in extremely low birth weight infants remains limited and
heterogeneous and is likely to be defined only with prospective
randomised studies.

Limitations

There are several limitations in our study. This is a retrospective
observational design with a relatively small sample size, and given
the observational nature of the study, there may be further
confounding variables complicating the analyses of our data.
Our single-centre study may not reflect a diverse population. Our
centre did not offer transcatheter closure for the cohort in question
during the enrolment period and thus only evaluated patients
undergoing surgical ligation. The lack of a standardised protocol
for the duration of the study period may increase selection bias.
The inclusion of patients referred from outside hospitals
introduced possible differences in initial treatment strategies,
and other clinical conditions originating from prematurity may
confound the associations measured in our study.

Conclusions

A haemodynamically significant patent ductus arteriosus
should be ligated when pharmacologic treatment has failed or is
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contraindicated. However, the optimal timing for surgical ligation
of patent ductus arteriosus in extremely low birth weight infants
has not yet been defined. Extending the time to surgical ligation
beyond the first month of life in extremely low birth weight infants
is associated with less favourable ventilatory outcomes and
prolonged hospital stays. Earlier surgical patent ductus arteriosus
ligation may improve patients’ clinical outcome and should
therefore be considered. Prospective randomised trials are needed
to address the optimal timing of patent ductus arteriosus surgical
ligation in extremely low birth weight infants in the future.
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