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ABSTRACT

Objective: The timing of surgical patent ductus arteriosus ligation in preterm infants remains 
controversial. Early ligation (<2 or 3 weeks of life) benefits preterm infants with a lower inci-
dence of bronchopulmonary dysplasia and necrotizing enterocolitis. We present patent ductus 
arteriosus ligation experience in premature infants who had been transported for closure to an 
outside centre other than the hospital they were hospitalized.

Materials and Methods: We retrospectively evaluated 17 consecutive patients who had under-
gone surgery of premature infant patent ductus arteriosus closure during the period of March 
2009-December 2020. Patent ductus arteriosus had been clipped in 17 patients.

Results: The median birth weight and age were 930 g and 28 gestation weeks, respectively. The 
birth age of the sub-groups were A: ≤28 weeks and B: >28 weeks and birthweight were group 
I: ≤800 g and group II: >800 g. The median day of PDA ligation wasa 20 days, and patients 
with birthweight ≤800 g were ligated later than patients weighing >800 g. Two patients had 
intracranial hemorrhage, 6 had bronchopulmonary dysplasia, and 2 were dead. We found that 
exposure to large patent ductus arteriosus and low birth age in preterm babies was associated 
with longer hospitalization duration, preoperative mechanical ventilation time, and sepsis.

Conclusion: Infants exposed to moderate-to-large patent ductus arteriosus requiring intuba-
tion and resistant to medical therapy for more than 2 weeks should have surgical ligation as 
soon as possible.
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INTRODUCTION

Patent ductus arteriosus (PDA) is the most frequently seen congenital cardiac lesion in neo-
nates younger than 30 weeks of gestational age (GW).1 A prolonged PDA may cause a left 
heart volume overload and pulmonary overcirculation as a result of the left-to-right shunt.2

An increased risk of bronchopulmonary dysplasia (BPD)/chronic lung disease (CLD), pro-
longed assisted ventilation, necrotizing enterocolitis (NEC), pulmonary hemorrhage, intra-
ventricular hemorrhage, renal impairment, and mortality have all been linked to the delayed 
closure of a hemodynamically significant PDA. Currently, different types of treatments avail-
able are (1) cyclooxygenase inhibitor–based pharmaceutical treatment and (2) surgical 
repair. Surgery is often reserved for individuals in whom pharmaceutical treatment is inad-
equate or inappropriate.3,4 In preterm infants, it significantly reduces mortality and does not 
increase CLD, retinopathy of prematurity (ROP), or neurodevelopmental impairment (NDI). 
Lateral, posterolateral, and axillary thoracotomies are the most common surgical techniques 
for ligation of PDA.
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What is already known 
on this topic?
•	 Patent ductus arteriosus (PDA) 

results in increased pulmonary 
blood flow and stealing flow 
from systemic circulation due 
to left-to-right shunt. Serious 
complications for the cardio-
vascular system, including 
pulmonary edema, respiratory 
insufficiency, and heart failure, 
as well as intracranial hemor-
rhage, necrotizing enterocolitis, 
bronchopulmonary dysplasia, 
and death may be observed.

What this study adds on 
this topic?
•	 Surgical PDA ligation is indi-

cated in cases of failure of 
medical treatment or in situa-
tions such as contraindications 
to pharmacological agents 
and fluid restriction policies. 
We share our experiences of 
premature infants having sur-
gical ligation of PDA in another 
center. This is the first study to 
explore the results of surgical 
ligation of PDA in external cen-
ters to which babies had to be 
transported.
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To date, the timing of surgical PDA ligation in preterm infants 
remains controversial. Early ligation (<2 or 3 weeks of life) ben-
efits preterm infants with a lower incidence of BPD and NEC.5-8 
In this study, we present our PDA ligation experience in prema-
ture infants who had not responded to medical treatment and 
were transferred for closure to an another center other than 
the hospital they had been hospitalized.

MATERIALS AND METHODS

We retrospectively evaluated 17 consecutive patients who had 
undergone surgery of premature infant PDA closure during the 
period of March 2009-December 2020.

All the patients were preterm neonates who required sur-
gical ligation despite pharmacological agents or showed a 
large left-to-right shunt on echocardiograms and remained 
in congestive heart failure after failed attempts at medical 
closure with ibuprofen. Surgical ligation was also determined 
for preterm babies with contraindications to ibuprofen/
paracetamol. A pediatric cardiologist (S.D.) had performed 
transthoracic echocardiography on all the infants, who were 
on mechanical ventilators and/or receiving medication for 
cardiac failure.

A moderate-to-large PDA was defined by a ductus internal 
diameter measuring >1.5 mm and 1 or more of the following 
echocardiographic criteria: a left atrium-to-aortic root ratio 
of 1:6, ductus flow velocity 2.5 m/s, and/or reversed diastolic 
flow in the descending aorta. The PDA was defined as small if it 
was less than 1.5 mm measured at the narrowest color Doppler 
flow intersection of the left pulmonary artery and PDA.9 PDA 
exposure duration was expressed in days. The day of birth was 
considered day 0. Regardless of the previous duration or level 
of oxygen therapy, BPD was classified according to the Jensen’s 
mode of respiratory support administered at 36 weeks’ post-
menstrual age.10

Infants in need of surgical ligation of PDA had been trans-
ported to another hospital. All operations (n = 17, 100%) were 
performed in the operating room. The PDA was clipped 
through an anterior minithoracotomy at the second inter-
costal space. After the surgery, all but 1 of the patients were 
transferred back to the hospital from which they had come. 
The other needed a median sternotomy due to complications; 
he was moved to the intensive care unit until sufficiently stable 
for transport.

Statistical Analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences, Version 20.0 (IBM Corp.; Armonk, 
NY, USA). Scale data were described as mean ± SD for nor-
mal distributions and median (minimum–maximum value) for 
skewed distribution and categorical variables were expressed 
as frequency (percentage). Statistical analysis differences in 
normally distributed variables between 2 independent groups 
were compared by the Student’s t-test, Mann–Whitney U-test 
was applied for comparisons of the non–-normally distrib-
uted data, and categorical variables were compared using the 
Pearson’s chi-square test. Spearman’s correlation analysis was 
used to evaluate the degrees of relation between variables. 
Statistical significance was assumed at P <.05.

RESULTS

Study Population and General Outcome
The median GW of the 17 infants who underwent PDA liga-
tion through anterior minithoracotomy was 28 weeks (range 
23-35). Nine patients (53%) were female, and 8 (47%) were 
male. There was no statistically significant difference in terms 
of sex. The median birthweight was 930 g (range 560-2690). 
Besides PDA, preoperative echocardiographic study revealed 
patent foramen ovale in 12 patients, atrial septal defects in 
3 patients, and ventricular septal defects in 1 patient. The 
demographics and clinical characteristics of the patients are 
listed in Table 1.

The median PDA diameter was 2.0 mm and ranged from 1.8 
to 4.0 mm. Twelve of the 17 infants (71%) had received at least 
1 pharmacological treatment for PDA closure before ligation 
(Table 1). The median day of PDA ligation was 20.5 days of life 
and ranged between 10 and 76 days of life.

The median length of hospital stay was 82.5 days (range 17-168 
days). Eighty-six percent of infants (12/14) had sepsis during 
hospitalization. Eight of 12 infants (66.7%) had other comor-
bidities, including BPD and intracranial hemorrhage (ICH). 
Six infants had BPD, 4 of whom were ligated at day 20. One 
patient with BPD had a syndrome with multiple congenital 
anomalies and died of multiorgan failure at 144 days of age. 
Two infants had ICH. One was born at 23 GW and weighed 
560 g. He had a moderate PDA and received only 1 phar-
macological treatment for PDA due to hematological prob-
lems. His PDA was ligated on the 35th day of life. The other 
infant with ICH was born at 26 GW, weighed 800 g, received 
2 attempts of ibuprofen, and was ligated for PDA on day 22. 
Both infants with ICH had a long hospital stay of 168 and 82 
days, respectively.

Two infants (12%) died. One with BPD has already been men-
tioned above. The other was a male infant of 820 g born at 25 
GW who had a large ductus. An anterolateral thoracotomy was 
performed in the infraclavicular ductal region, and the PDA 
was ligated. However, 4 days postoperatively, a 2 cm raised, 
mobile, palpable bulge was observed under the PDA ligation 
incision mark. The bulge was more prominent when the baby 
was crying. On ultrasonography, a small portion of the lung 
was found to be herniating between the ribs at the palpable 
bulge (Figure 1). A possible explanation for this herniation was 
that the stitches of the intercostal muscles had broken open 
after the ligation.

Subgroup Analysis According to the Birth Age, Birthweight, 
and Day of Patent Ductus Arteriosus Ligation
As shown in Table 2, there were no significant differences 
between the subgroups of birth age (≤28 weeks vs. >28 weeks) 
or birthweight (≤800 g vs. >800 g) in terms of sex, PDA diam-
eter, day of PDA ligation, use of inotropic support, pre- or post-
operative ventilation duration, hospitalization duration, or the 
occurrence of sepsis.

Additionally, as shown in Table 3, there were no differences 
between patients ligated before and after 20 days (≤20 days 
vs. >20 days) considering sex, birthweight, use of inotropic sup-
port, pre- or postoperative ventilation duration, hospitalization 
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duration, sepsis, or mortality (Table 3). However, infants ligated 
≤20 days had lower birth ages than infants ligated more than 
20 days [median 26 GW (25-27) vs. 29 GW (28-38) (P < .001)].

DISCUSSION

Previous studies have reported that infants <28 weeks of ges-
tation and exposed to a large PDA for 10 days have a signifi-
cantly higher incidence of comorbidities than do those exposed 
to shorter durations of ductus patency or with a small ductus.11-13 
PDA persists in 70% of premature infants for up to several 
weeks after birth.14 Early closure of the duct may reduce neo-
natal morbidities such as hypotension and hemorrhagic pul-
monary edema and reduce the need for intensive respiratory 
support.15 There is little information about whether exposure to 
a large PDA shunt or extended duration of exposure increases 
later neonatal morbidities, such as BPD and ICH.16 Prolonged 
exposure to moderate-to-large PDAs causing prolonged dura-
tion of pulmonary hyperemia and systemic hypoperfusion may 
lead to worsening pulmonary status and poorer nutritional sta-
tus at late ligation.17 Also, longer exposure to PDA and mechan-
ical ventilation are associated with worse neurodevelopmental 
outcomes.18

Surgical ligation of symptomatic PDA is mostly performed in 
cases where ibuprofen medication has failed or is contraindi-
cated. Especially among very-low-birthweight (VLBW) infants, 
PDA closure rates with medical treatment are low.19,20 There 
are reports suggesting that surgical PDA ligation is associated 
with an increased incidence of CLD, BPD, NEC, and ROP.21,22 In 
reports from the early 2000s, logistic regression analysis was 
used to observe the effects of PDA-associated variables (pres-
ence of symptomatic PDA, the ductus response to indometha-
cin, and the use of surgical ligation) on the incidence of NEC, 
BPD, NDI, and death.23,24 These studies have shown that surgi-
cal ligation of PDA is significantly associated with the develop-
ment of BPD. However, it is important to note that in certain 
cases, BPD may occur independently of factors such as pre-
mature birth, low birth weight, mechanical ventilation, oxygen 
therapy, or other known risk factors that are commonly asso-
ciated with BPD during the perinatal and neonatal periods. 
Although the study designs were not randomized controlled tri-
als (RCTs) comparing surgical to medical PDA closure, the find-
ings in these studies suggested an increased risk of 1 or more of 
the following outcomes related to surgical ligation: CLD, ROP, 
and neurosensory impairment.

Jhaveri et al9 reported the results of 2 different approaches to 
infants born at age <27 GW who failed indomethacin treatment 

Table 1.  Demographic and Clinical Characteristics of the 
Premature Infants

Number 
of 

Patients

Median 
(25th-75th 
Percentile)

Range 
(Minimum–
Maximum)

Sex, female/male, n (%) 17 9 (53)/8 (47)
Birth age, GW 17 28 (26-29) 23-35
Birthweight, g 17 930 (750-1417) 560-2690
Apgar 16 5 (4.25-7.75) 2-8
Comorbidities, n (%) 17 12 (71)
  None 9 (53)
Ambiguous genitalia 1 (6)
  Syndromic 2 (12)
Intubation, n (%) 13 13 (100)
  At birth 8 (61.5)
  First 24 hours 1 (8)
  First 48 hours 4 (30.5)
Surfactant exposure, 
n (%)

12 9 (75)

  Once 2 (17)
  ≥2 7 (58)
Heart failure, n (%) 17 14 (82)
Inotropic support 17 10 (58.8)
  Dobutamine 5 (29.4)
 � Dopamine and 

digoxin
5 (29.4)

PDA diameter, mm 17 2.0 (2.0-3.0) 1.8-4.0
Pharmacological 
treatment for PDA 
closure

17 12 (71)

  None 1 (6)
  One course 7 (41)
  More than once 4 (24)
Day of PDA ligation 16 20.5  

(15.0-40.25)
10-76

Preoperative ventilation 
duration, days

12 19.0 (10.5-33.0) 0-71

Postoperative ventilation 
duration, days

12 18.5 (5.0-67.7) 2-92

Hospitalization duration, 
days

12 82.5 (57.5-105) 17-168

Presence of sepsis, n (%) 14 12 (86)
  Early sepsis, n (%) 6 (43)
  Late sepsis, n (%) 6 (43)
Hospitalization 
comorbidities, n (%)

12 8 (66.7)

  None 4 (33.3)
Intracranial hemorrhage 2 (16.7)
Bronchopulmonary 
dysplasia

6 (50)

Outcome, n (%) 17
  Alive 15 (88)
  Exitus 2 (12)
PDA, patent ductus arteriosus.

Figure 1.  (A) Chest wall bulging while baby was crying. (B) Incision region 
during inspiration. (C) Chest wall while baby was in calm state.
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of the same center. In the first period, they tried an early sur-
gical approach in which feedings were stopped, and all PDAs 
were ligated, while in the second period, a more conservative 
approach was adopted in which feedings continued, and PDAs 
were ligated only if cardiopulmonary compromise developed. 
All infants in both periods had similar rates of perinatal/neona-
tal risk factors as well as ventilator management. Interestingly, 
even though infants in the second period were exposed to 
larger PDA shunts for longer durations, the rates for CLD, sep-
sis, ROP, neurological injury, and death were still similar for 
both sets of patients.

On the other hand, in a recently reported meta-analysis com-
paring early with late ligation, the authors concluded that the 

early surgery might have a better respiratory outcome and 
nutritional status for PDA in preterm or VLBW infants.25 There 
were no differences in mortality or postoperative complica-
tions between early and late ligations. The meta-analysis 
described late surgical ligation (the cutoff time of early and 
late ligation was 2-3 weeks of life) and included studies that 
involved patients who underwent surgical ligation because of 
ibuprofen/paracetamol failure, regardless of medical treat-
ment before surgery.

In the PDA-TOLERATE trial results, which tolerated moder-
ate-to-large PDAs for the first week in infants <28 weeks of 
gestation, PDA persisting beyond 10 days was associated 
with an increased risk of BPD and prolonged intubation 
requirement.26

In our country, surgical PDA ligation has been utilized as a 
“rescue” therapy for patients who fail medical intervention. 
This practice formed the basis of this study. We tried at least 1 
course of medical treatment for ductal closure before decid-
ing on surgical ligation. Therefore, in this study, we did not 
compare medical to surgical closure of PDA. The relatively 
small size of our study may have made it difficult to detect 
significant differences among some of our PDA exposure sub-
groups. Even though there were no significant differences in 
the neonatal demographic characteristics among the infants 
exposed to a moderate-to-large PDA for ≤20 days and those 
exposed for >20 days except birth age, unmeasured differ-
ences in practice, such as eagerness for the transfer, might 
have affected the rate of hospitalization comorbidities, includ-
ing BPD and ICH.

Our patients had been transferred from their own health cen-
ters for surgical ligation and then transferred back just after 
the operation. Thermoregulatory instability and technical 
problems, such as loss of intravenous lines, malfunction, and 
inappropriate ventilation, are among the risks of transferring 
babies.27 Although we did not encounter any problems in our 
patients, this is one of the major concerns of neonatologists 
working in health centers incapable of infant surgery and reti-
cent about giving their consent to early surgical ligation of PDA.

Table 2.  Subgroup Analysis According to the Birth Age and Birth weight
Birth Age P Birth Weight 

P
≤28 weeks >28 weeks ≤800 g >800 g

n = 8 n = 9 n = 6 n = 11
Sex, female, n (%) 5 (62.5) 4 (44) .64χ2 4 (67) 5 (45.5) .62χ2

PDA diameter, mm 2.0 (2.0-2.9) 2.0 (2.0-3.0) .74u 2.0 (1.95-2.7) 2.0 (2.0-3.0) .40u

Pharmacological treatment before 
ligation (no, once, ≥2)

0/1/4 1/4/2 .20u 0/1/4 1/4/2 .20u

Day of PDA ligation 22 (16-38) 20 (13-55.5) .92u 35 (20.5-57) 16 (11-41) .14u

Inotropic support, n (%) 5 (62.5) 5 (56) 1.0χ2 3 (50) 7 (64) .64χ2 
Postop ventilation duration,** days 44 (14.5-68.5)  5.0 (2.0-73.0) .43u 44 (14.5-68.5)  5.0 (20-73.0) .34u

Hospitalization duration,** days 102 (82.5-135) 65.0 (20.0-106.0) .34u 102 (82.5-135) 65.0 (20.0-106) .14u

Hospitalization comorbidities* 5 BPD
2 ICH

1 BPD 3 BPD
2 ICH

3 BPD

Sepsis (no, early, late)**n 0/3/4 2/3/2 .26χ2 0/2/4 2/4/2 .21χ2 
Continous data presented as median (25th-75th percentile) and categorical data presented as n (%).
BPD, bronchopulmonary dysplasia; ICH, intracranial hemorrhage.
*Data available for 16 patients.
**Data available for 14 patients.χ2Pearson’s chi-squared test.uMann–Whitney U-test.

Table 3.  Comparisons of Patients According to the Ductal 
Ligation Day

PDA Ligation 
Day < 20

PDA Ligation 
Day > 20

Pn = 8 n = 9
Sex, female, n (%) 4 (67) 5 (45.5) .64χ2

Birthweight, g 780 (680-1118) 1400 (910-2340) .027u

Birth age, gestational 
weeks

26 (25-27) 29 (28-38) <.001u

Inotropic support, n (%) 5 (62.5) 5 (56) 1.0χ2

Preoperative ventilation 
duration days

19 (14.5-31) 15 (7-52) .64u 

Postoperative ventilation 
duration,** days

44 (11-68.5) 12 (2-73) .43u

Hospitalization 
duration,** days

102 (73.5-135) 72.0 (20.0-106) .34u

Sepsis (no, early, 
late),** n

0/3/4 2/3/2 .26χ2

Exitus, n (%) 0 2 (25) .47χ2

Continuous data are presented as median (25th-75th percentile), and 
categorical data are presented as n (%).
PDA, patent ductus arteriosus.
**Data available for 14 patients. χ2Pearson’s chi-squared test. uMann–Whitney 
U-test.
PDA, patent ductus arteriosus.
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We found that longer exposure to PDA was associated with a 
significant increase in the risk of developing hospitalization 
comorbidities, including ICH, BPD, sepsis, and longer ventila-
tion duration. Six of our patients had BPD. Although we are 
unable to offer good estimations of the duration of the “wait-
ing time,” the transport to a center with the surgical capacity to 
have the PDA ligated may have adversely affected outcomes 
for some of our patients.

The limitations of the study were first we had few patients to 
make comparisons and secondly the data were collected ret-
rospectively from records.

In conclusion, even though we have a limited number of 
patients, we share our experiences of premature infants having 
surgical ligation of PDA in another center. This is the first study 
to explore the results of surgical ligation of PDA in centers to 
which babies had to be transported. According to our observa-
tion, infants with moderate-to-large PDAs requiring intubation 
and resistant to medical therapy for more than 2 weeks should 
have surgical ligation as soon as possible. Our findings support 
the need for RCTs to reexamine the benefits and risks of surgi-
cal ligation timing for PDA. 
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