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Abstract Percutaneous treatment of patent ductus arte-

riosus (PDA) in extreme premature infants is technically

difficult, and therefore, often not consider as an alternative

to surgery. The main objective of our work was to compare

respiratory status prior and post ductal closure and morbi-

mortality, in our series of preterm infants with percuta-

neous PDA closure versus surgical ligation in the same

time-period. Retrospective review of all premature infants

submitted to percutaneous and surgical PDA closure from

January 2011 to December 2016. All the antenatal, peri-

natal, and postnatal characteristics were collected. The

main outcome was the assessment of the pulmonary status

before and after ductal closure using a pulmonary score.

Secondary outcomes included moderate-severe disability in

neurodevelopment, death before discharge, moderate-sev-

ere chronic lung disease, and morbidity at discharge. 25

patients with a mean weight of 1330 g (± 280) underwent

percutaneous closure of PDA with ADO-II-AS, and a total

of 53 underwent surgical ligation. 28/53 with similar ges-

tational age, birth weight, and procedure weight to those in

the percutaneous group, were selected to perform the

comparative study. Ductal closure (percutaneous and sur-

gical) resulted in improved respiratory status. However,

percutaneous group achieved a fastest respiratory

improvement, than surgical group. The surgical closure

group associated higher morbidity among survivors (HIV,

number of sepsis, need, and duration of inotropics post-

interventionism). The incidence of recurrent laryngeal

nerve palsy among the surgical group was 17%. Percuta-

neous closure of PDA in carefully selected low-weight

preterm infants is a safe and reliable alternative to surgical

ligation.

Keywords Neonatal � Pulmonary score � Catheterization �
PDA � Morbidity � Premature

Introduction

Optimal treatment of patent ductus arteriosus (PDA) in pre-

term infants still carries huge controversy and debate. Tradi-

tionally, when the PDAdoes not close either spontaneously or

in response to pharmacological treatment, the physician has 2

options: surgical closure of the ductus or to conservatively

manage the possible adverse hemodynamic effects. The

general consensus being that a PDA in a preterm infant should

be closed to control problems associated with the persistence

of the shunt such as: heart failure, prolonged dependency on

mechanical ventilation [1, 2], hypotension (beyond the first

48 h of life) [3], pulmonary hemorrhage [4, 5] periventricular

hemorrhage [6], necrotizing enterocolitis (NEC) [7],
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anomalies in cerebral perfusion [8], or to avoid future risks [9].

Despite this, disagreement still exists on timing and strategies

for the management of PDA in preterm infants [10].

The objective of ductal ligation is the resolution of

adverse hemodynamic effects of the left to right shunt.

However, although successful ligation of the conduit leads

to cessation of pulmonary overcirculation and systemic

hypoperfusion, immediate and long-term adverse effects

secondary to ductal ligation do exist, such as: hemody-

namic instability secondary to left cardiac output dimin-

ishment and/or deterioration of global myocardial function

[11–13], known as post-ligature syndrome (PLS); alter-

ation in cerebral perfusion [14]; immediate diminishment

in pulmonary compliancy post ductal ligation [15]; evi-

dence of independent association between ligation and

deterioration in neurodevelopment [16], higher incidence

of bronchopulmonary dysplasia (BPD) [17]; vocal chord

paralysis with an incidence varying from 5.2 to 67%

[18–22]; association with chylothorax; and development of

scoliosis, amongst others.

Recently, these complications have led to the consider-

ation of other alternative strategies for ductal closure, such

as closure by percutaneous interventionism. PDA closure,

based on percutaneous approach, is one of the safest car-

diac interventionist procedures and is considered procedure

of choice in preterm infants C 5 kg [23–25].

Percutaneous duct closure in preterm infants may offer

an improved respiratory recovery, with less need for post-

procedure respiratory support than surgical ligation

[26, 27]. Several centers, including our institution, have

recently reported PDA percutaneous occlusion in extre-

mely premature infants [24, 28–35]. Different authors have

documented excellent safety data with new generation

devices like the Amplatzer Duct Occluder II Additional

Size (ADO-II-AS), the Medtronic Microvascular Plug or

the Amplatzer Vascular Plug-II (Table 1).

The main objective of this work was to compare respi-

ratory status prior and post ductal closure, in our series of

preterm infants with percutaneous closure and in our series

of preterm infants with surgical closure over the same time-

period and to evaluate the association between types of

ductal closure (Percutaneous vs. surgical) using a pul-

monary score.

The secondary objective was to compare the risk of BPD

or death, or survival without associated morbidity (degree

of intraventricular hemorrhage (IVH) C 3, periventricular

cystic leukomalacia, necrotizing enterocolitis (NEC)

requiring surgery or peritoneal drainage, or retinopathy of

prematurity (ROP) C 3).

Materials and Methods

Population

A retrospective review was carried out of all preterm

infants undergoing surgical ligation or percutaneous clo-

sure with ADO-II-AS of PDA, hospitalized in NICU in our

center between Jan 2011 and Dec 2016. Our experience in

percutaneous PDA closure in low-weight preterm infants

has been previously described in the literature [34] (Fig. 1,

example of percutaneous closure).

The percutaneous group included patients between 1 and

2 kg requiring continuous positive pressure respiratory

support (invasive or non-invasive) at time of procedure.

Patients with significant coexistent congenital heart disease

and patients not requiring positive pressure ventilation

were excluded.

The surgical group included the total of patients

undergoing surgical ligation (via left lateral thoracotomy,

between 3� and 4� intercostal space, with vascular clip)

requiring positive pressure ventilation, including only

patients with similar gestational age (GA), birth weight

(BW), and procedure weight (WT) to those in the percu-

taneous group, to compare respiratory status prior and post

ductal closure, and to compare the risk of BPD or death, or

survival without associated morbidity.

Informed consent was obtained from all individual

participants included in the study.

Pulmonary Score

Pulmonary scoring was used to evaluate basal pulmonary

state in both study groups prior and post ductal closure.

This was developed and validated in preterm infants

included in the STOP-ROP trial (649 preterm infants) and

was limited to descriptors of respiratory support retro-

spectively collected during the study. These descriptors

included the use of medication during the week prior to

randomization (methylxanthines, systemic or inhaled ster-

oids, diuretics), quantity of supplementary oxygen, and

type of ventilatory support. Relative weight (numerical

value) for each item was decided by neonatologist clinical

consensus. Greater importance was given to therapeutic

interventions and these reflected greater degree of respi-

ratory disease [36].

Pulmonary score was calculated as the Formula shown

in Table 2. Pulmonary score may have a range between

0.21 (absence of pulmonary support, absence of oxygen,

and no medication) and 2.95 (mechanical ventilation, Fi02
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of 1, and receiving treatment with systemic steroids,

diuretics, and methylxanthines).

To determine the basal state of the patient before PDA

closure, pulmonary scores were calculated weekly,

4 weeks prior to procedure. Furthermore, to highlight the

potential short and long-term benefits of PDA closure,

pulmonary score was calculated weekly, 4 weeks post

procedure (or until discharge), as well as immediately

(2 days) post procedure.

Fig. 1 a PDA type E in 1.700 g

patient, 36 days of life. b Final

angiographic result post-ADO-

II-AS 3/4 device deployment,

no residual shunt, no device

protrusion in left pulmonary

artery

Table 1 Reported experience of percutaneous PDA closure in extremely preterm infants

Author and period N Device Procedure

GA

(mean)

Procedure

weight

(median/range)

Procedure

time

Complications/

success

Residual

shunt

N (%)

Follow-up

(months)

(median)

Sathanandam et al. [24]

2015–2016

15 MVP 31 w 1.210 g

(700–3500)

48 min None/100% (1) 6.6% 11

Backes et al. [23]

2005–2014

52 ADO I (4)

AVP-II

(48)

36 w 1.602 g

(1210–3900)

13%\ 1 h

62% 1–2 h

25%[ 2 h

25%/88%

3 embolizations

10 acute arterial

damage

– 48

Francis et al. [28] 2002–2008 8 Gianturco

coil

35 w 1.117 g

(930–1800)

– None/100% (1) 12% 9

Zahn et al. [30]

2013–2015

24 AVP-II 31 w 1.249 g

(755–2380)

49 min 12%/88%

2 embolizations

1 LPA stenosisa

0% 11

Narin et al. [33]

2014–2016

10 ADO-II-

AS

29 w 950 g

(820–1000)

46 min None/100% – 11

Rodrı́guez et al. [34]

2011–2016

27 ADO-II-

AS

31 w 1.260 g

(1000–1980)

38 min 7%/100%

2 embolizations

(4) 15% 35

Morville et al. [35]

2013–2015

32 ADO-II-

AS

31 w 1373 g

(680–2.380)

28 min 7%/97%

1 LPA stenosisa

1

hemopericardium

(5) 16% –

ADO I Amplatzer Duct Occluder I, ADO-II-AS Amplatzer Duct Occluder II Additional Size, AVP-II Amplatzer Vascular Plug-II, GA gestational

age, MVP medtronic vascular plug, LPA left pulmonary artery, N number of cases, w weeks
aNeed to remove the device
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Morbi-Mortality

Outcomes

Outcomes were: (i) BPD diagnosis (any oxygen therapy at

36 weeks of post-menstrual age), (ii) death before

36 weeks of PMA, and (iii) survival without significant

neonatal morbidity (degree of intraventricular hemorrhage

(HIV) C 3, periventricular cystic leukomalacia, necrotiz-

ing enterocolitis (NEC) requiring surgery or peritoneal

drainage, or retinopathy of prematurity (ROP) C 3). Data

for each preterm infant were collected until death or hos-

pital discharge, (iv) Moderate-severe neurological impair-

ment (NI).

Moderate to severe NI was defined as a compound of

neuromotor, neurocognitive and/or neurosensorial deterio-

ration. Surviving preterm infants underwent neurological

development evaluation; clinical examination, visual and

auditive evaluation, and cognitive evaluation using the

Bayley Scale of Infant Development. Clinical examinations

and the standard motor evaluations identified the presence

of cerebral paralysis classified according to the Motor

Function Classification System [38]. Cognition and lan-

guage abilities were assessed mainly using BSID III at 12,

18 and 24 months of age.

Covariables

Covariables chosen for the analysis were: mother’s age,

multiple pregnancy, preeclampsia/eclampsia, spontaneous

onset of labor, premature membrane rupture, maternal

infection as indication for delivery, prenatal steroids,

cesarean section, gender; GA at birth, small for GA

(classified as weight at birth\ 3 SD or between percentiles

3 and 10 for GA and gender using Hadlock Reference)

[39, 40], mechanical ventilation 28 days post procedure

(surgical ligation or percutaneous closure), and number of

septicemias confirmed by blood culture (B 1 o[ 1).

Procedural and Follow-Up Complications

of the Percutaneous Interventional Group

All complications related to the intervention procedure

were recorded. A retrospective collection of clinical and

echocardiographic data was performed for all patients,

during hospital admission after percutaneous PDA closure,

and after hospital discharge.

Other Complications

Incidence of vocal cord paralysis was also collected, and

studied by direct laryngoscopy in the preterm infants with

feeding difficulties, weaning from respiratory support diffi-

culties, hoarseness, and developmental language problems.

Statistical Analysis

Standard descriptive statistics were used to summarize the

data and expressed as median (range) for continuous

variables and count (percentage of total) for categorical

variables. Differences between groups were tested using

t test for means comparison or Kruskal–Wallis test for

continuous data, and v2 test for proportions. Statistical

significance was established a priori using a two-tailed

P value\ 0.05. Associations between covariables and

comorbidities, and type of ductal treatment were analysed

using regression models, reported as Odds Ratio with

confidence intervals of 95%.

A mixed lineal model with random interception was used

to evaluate the tendency over time (effect of time) on mean

pulmonary score of the cohort before and after ductal

Table 2 Pulmonary score

Formula = (Respiratory support 9 Fi02) ? Medication (Weighted Sum)

Respiratory support Fi02 Medication (Weighted Sum)

Mechanical ventilation = 2.5 points

Non-Invasive ventilation (CPAP/BIPAP) = 1.5 points

Nasal cannula or non-oxygen = 1 point

0.21–1 Sistemic steroids = 0.2 points

Regular diuretics or inhaled steroids = 0.1 points.

Methylxanthines or intermittent diuretics = 0.05 points

Fi02 is expressed as the fraction (e.g., room air: 0.21) if ventilator was used, BiPAP (Bilevel positive airway pressure) or CPAP (continuous

positive airway pressure), or ‘‘effective Fi02’’ (calculated with 2 tables developed from the equation described by Benaron and Benitz [36, 37]),

if a nasal cannula was used; respiratory support is 2.5 for ventilator, 1.5 for nasal or endotracheal BiPAP/CPAP, or 1 for nasal cannula or without

oxygen; and medication is a weighted sum, 0.20 for systemic steroids used in bronchopulmonary dysplasia (BPD), 0.10 each for regular diuretics

or inhaled steroids, and 0.05 each for methylxanthines or intermittent diuretics. The use of medication was determined for the week preceding

pulmonary score calculation. If systemic steroids (or inhaled steroids) were used at any moment during this week, the patient was considered as

having received medication. If diuretics were administered regularly every day or every 2 days, administration was classified as regular. If

administered less frequently than on any other day it was considered intermittent; this even included a sole dose of diuretics during the period of

the week before the score calculation
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closure. This approach accounts for the correlation of

measurements between different points on the same subject.

Results

Patient Characteristics

A total of 27 preterm infants undergoing percutaneous

closure at our center were identified, two patients were

excluded from the study due to relevant associated con-

genital heart disease. Patient and procedural characteristics

were represented in Table 3. In the same time-period, a

total of 53 preterm infants underwent PDA surgical liga-

tion, 28 of these with weights between 1 and 2 kg at the

time of procedure.

Prenatal and perinatal characteristics of infants treated

percutaneously and surgically are shown in Table 4 (Total

and Group between 1 and 2 kg).

Preterm infants undergoing surgical ligation had lower

BWs than the preterm infants undergoing percutaneous

closure (P = 0.033), higher maternal age (P = 0.012), and

less ceserean section deliveries (P = 0.017), no differences

were found amongst the other antenatal and perinatal items

in both groups. However, when comparing the surgical

group of 1 to 2 kg with the percutaneous group, the differ-

ence in weight at birth was no longer significant, only higher

maternal age remained significant. Therefore, the percuta-

neous closure group and the surgical 1–2 kg group were

homogeneous as regards GA at birth and weight at birth.

All patients, surgical and percutaneous, received a cycle

of ibuprofen prior to closure indication. 92% of preterm

infants in the percutaneous closure group received 2 cycles

of treatment, as opposed to 79% in the surgical group (75%

in the 1–2 kg group). Table 5 shows weight and GA on

intervention in both treatment groups.

The preterm infants in the surgical ligation group had

lower weight, GA, and age (days) on intervention than

those in the percutaneous group (P\ 0.001). However,

when compared to the surgical 1–2 kg group on interven-

tion, the weight difference on intervention was no longer

significant, whereas lower GA on intervention and lower

age in the surgical group remained significant, with a dif-

ference of 1.2 weeks and 8 days of life, 95% CI of 0.003 to

2.32 and 0.9 to 15.5.

Comparative Study: Percutaneous Closure Versus

Surgical Closure (Group 1–2 kg)

Pulmonary Score

Figure 2a, b, show the trend of pulmonary status change

prior to and post intervention in the Percutaneous group

and Surgical group. In the percutaneous group (Fig. 2a),

although no significant change was observed prior to

catheterization, pulmonary score varied with time before

and after ductal closure (Fig. 2, P\ 0.001, global),

increasing until the moment of closure and decreasing after

closure. Furthermore, the time variable (passing of time)

only explained this variation of pulmonary score in 28%,

revealing a significative variation, between the pre-proce-

dure measurement (day - 2), from day ? 7 post

procedure.

The variation with time of pulmonary score in the sur-

gical group was significant (Fig. 2b, P\ 0.001, global).

Furthermore, the time variable (passing of time) only

explained this variation in pulmonary score in 19%.

Likewise, this decrease in pulmonary score does not occur

until ? 7 post ductal closure (the graph shows the increase

in pulmonary score on day ? 2 post procedure compared to

previous status, showing a significant improvement,

between pre-procedure measurements (day - 2), and from

day ? 14 post procedure (P = 0.045).

When comparing the different measurements of pul-

monary score in the different time intervals between the

surgical and percutaneous groups, taking the percutaneous

group as reference, no significant differences were

observed in scores prior to ductal closure, with a trend

towards increase in pulmonary score until PDA closure in

both groups. However, in the post ductal closure, there is

an earlier improvement in pulmonary status in the percu-

taneous group, which begins immediately post ductal clo-

sure. This difference is significant above all on days ? 7

and ? 14 post closure, whether compared to the surgical

group (Fig. 3).

Morbi-Mortality

Preterm infants undergoing surgical ligation had higher

morbidity rates during the postnatal period than the per-

cutaneous closure group (Table 6). This is statistically

significant for IVH 3–4 (P = 0.024) and inotropic therapy

duration post intervention (P\ 0.001).

Outcomes

In the univariate model (model 1), percutaneous PDA

closure was associated to lower hospital mortality rates

before 36 weeks of PMA (Difference of - 17% in the

percutaneous group with P = 0.045, OR 0.15.) No signif-

icant differences were found for the remaining variables

(BPD, Morbidity at discharge and moderate-severe neu-

rodevelopmental impairment). After adjusting the model

for the antenatal, perinatal, and postnatal variables (co-

variables) in Model 2, no relationship was found between

402 Pediatr Cardiol (2018) 39:398–410
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percutaneous closure and lower hospital mortality before

36 weeks (Table 7).

Procedural and Follow-Up Complications

of the Percutaneous Interventional Group

There were no major complications during the procedure.

Three patients had a small residual shunt (\ 3 mm),

observed by angiography and echocardiography. In 4

patients (15%), a slight protrusion of the device was

observed in the left pulmonary artery (LPA) after its

release. Two patients suffer device embolization. In both

patients, the device migrated to the left pulmonary artery,

and was recovered without complications in the same

procedure, achieving successful closure, oversizing the

device waist diameter by 1 mm. Twelve patients (48%)

required blood transfusion immediately post procedure.

Renal function was preserved in all cases, despite using

contrast angiography (median contrast volume 7 ml/kg).

One patient died secondary to sepsis, not secondary to PDA

pathology, or related to the procedure.

Mean follow-up time of those who survived to hospital

discharge was 38 months (8–73 months). Complete PDA

occlusion without aortic arch or LPA stenosis, with normal

pulmonary pressures, was observed in all patients on fol-

low-up. The 4 patients who presented LPA protrusion,

producing slight stenosis solved in the following controls,

demonstrating adequate growth of the vessel within

3–6 months. Despite being a cohort of very low-weight

patients, no complications related to vascular access were

Table 3 Patient and percutaneous procedure characteristics

Pt

no

Procedure weight

(g)

PDA diameter

(mm)

PDA length

(mm)

Device

size

Duration

(min)

Fluoroscopy time

(min)

Complications

1 1700 2.5 10 5/6 60 24 Transit LPA

aliasing

2 1860 1.7 10.6 4/4 20 12 No

3 1200 2.2 10 4/4 42 13 No

4 1200 1.2 4.3 3/2 34 12 No

5 1800 2 5.5 3/2 53 12 Transit LPA

aliasing

6 1300 1.8 4.7 4/4 62 31 Embolization

Transit LPA

aliasing

7 1250 1.8 6.7 3/4 23 11 No

8 1260 2.5 10 4/4 48 9 No

9 1080 1.4 5.8 4/2 78 24 Embolization

10 1200 2 6 3/4 31 8 No

11 1060 1.1 5.6 3/4 22 7 No

12 1400 1.1 6 4/4 33 6 No

13 1160 1.5 6.8 3/4 25 8 Transit LPA

aliasing

14 1980 1.6 6.5 3/4 30 12 No

15 1120 1.1 6.9 3/4 40 10 No

16 1300 1 5.7 3/4 22 9 No

17 1450 1.8 6.5 3/4 28 11 No

18 1700 1.4 5 3/4 29 10 No

19 1400 1.2 5 3/4 40 11 No

20 1400 1.2 6 3/4 68 10 No

21 1000 2 7 4/4 24 9 No

22 1200 2 10.5 4/6 70 7 No

23 1000 1.55 7.9 3/4 35 10 No

24 1100 2.1 9 3/6 38 9 No

25 1000 2.1 7 4/6 57 8 No

The cannulation was performed exclusively via the femoral vein

PDA patent ductus arteriosus, LPA left pulmonary artery
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detected. In our experience, optimal control of the aortic

arch was obtained in recirculation, without the need to

obtain arterial access, limiting vascular damage.

Other Complications

The principle cause of mortality in the surgical group was

sepsis (95%), as well as higher rates of early respiratory

Table 4 Antenatal and perinatal characteristics

Characteristics Percutaneous closure

(N = 25)

Surgical ligation

(N = 53)

Difference (95%

CI)

P valuea Surgical ligation

1–2 kg

(N = 28)

Difference

(95% CI)

P valuea

GA, mean (SD)

weeks

26.5 (1.2) 25.8 (2) 0.72 (- 0.16 a

1.61)

0.105 26.48 (2.4) 0.02 (- 1.05 a

1.06)

0.997

BW, mean (SD)

g

919 (223) 792 (251) 127.6 (10.3 a

244.8)

0.033 879 (297) 40.5 (- 103 a

184)

0.581

SGA\ 10th

percentile

2 (8) 6 (11) - 3% 0.652 3 (11) - 1% 0.736

Male 13 (52) 32 (60) - 8% 0.485 14 (50) - 2% 0.884

Maternal age

Mean (SD) years

29.6 (5.7) 33.1 (5.1) - 3.5 (- 6.19 a

- 0.18)

0.012 33.8 (5.3) - 4.2 (- 7.2 a

- 1.1)

0.008

Multiple

gestations (%)

9 (36) 24 (45) - 9% 0.439 16 (57) - 5% 0.124

Cesarean section

(%)

19 (76) 24 (45) ? 31% 0.017 14 (50) ? 26% 0.051

Antenatal CS

(%)

18 (72) 38 (72) 0% 0.611 19 (68) ? 4% 0.743

Maternal

infection (%)

8 (32) 19 (36) - 4% 0.739 12 (43) - 11% 0.416

pPROM (%) 8 (32) 17 (32) 0% 0.995 9 (32) 0% 0.991

Pre-Eclampsy

(%)

3 (12) 1 (2) ? 10% 0.07 0 (0) ? 12% 0.052

Apgar

5 min\ 7 (%)

5 (20) 13 (25) - 5% 0.658 5 (18) ? 2% 0.842

BW birth weight, CS corticosteroids, GA gestational age, pPROM premature membrane rupture, SGA small for gestational age
at test or Wilcoxon test for continuous data, or v2 test for categorical data. Reference group: percutaneous closure

Table 5 Procedural age and weight characteristics

Percutaneous closure

(N = 25)

Surgical ligation

(N = 53)

Difference

(95% CI)

P valuea Surgical ligation 1–2 kg

(N = 28)

Difference

(95% CI)

P valuea

Procedure

weight

Mean (SD)

Kg

1.33 (0.28) 0.99 (0.27) ? 0.34 (0.2 a

0.47)

\ 0.001 1.21 (0.28) ? 0.12 (- 0.34

a 2.7)

0.126

Procedure

GA

Mean (SD)

weeks

31.6 (2.21) 29 (2.22) ? 2.5 (1.5 a

3.6)

\ 0.001 30.4 (1.9) ? 1.2 (0.033 a

2.32)

0.044

Procedure

age

Mean (SD)

days

35 (14.5) 23 (15.3) ? 12 (5 a 19) 0.001 27 (11.6) ? 8 (0.9 a

15.5)

0.027

GA gestational age
at test or Wilcoxon test for continuous data, or v2 test for categorical data. Reference group: percutaneous closure
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failure. Rates for recurrent vocal cord paralysis in the surgical

group were 17% and no cases in the percutaneous group.

No significant association was found between PDA size

(recorded by echo) and pulmonary score (pre- and post-

PDA closure), moderate-severe disability in neurodevel-

opment, death before discharge, moderate-severe chronic

lung disease, and morbidity at discharge.

Discussion

Percutaneous treatment of PDA in preterm infants under

2 kg is technically complex due to the size of delivery

sheaths for occlusion devices, the size of vascular struc-

tures adjacent to PDA, as well as the size and morphology

of the PDA itself (moderate size tubular PDA). Compli-

cations described include: residual short-circuits,

embolization, and obstruction of aorta and left pulmonary

artery. Therefore, percutaneous PDA closure is not a rou-

tine alternative for surgery when medical treatment fails.

Nevertheless, the secondary effects thoracotomy may cause

in these patients should not be underestimated, lung edema,

bronchial obstruction, diaphragmatic paresia, thorax

deformation, recurrent vocal cord paralysis, chylothorax,

and/or long-term sequelae like scoliosis [41, 42]. These

considerations have led to a tendency to avoid definitive

treatment and to a permissive approach to PDA in preterm

infants; fluid restriction, diuretics, and positive pressure

increase at end of expiration [12, 43]. Although various

studies have reported no worse outcomes, and in some

cases better results than with surgical ligation [44, 45],

more recent studies have associated this approach with an

increase in morbidity and mortality [46, 47]. The lack of an

ideal evidence-based therapy for treatment of PDA in

preterm infants led our group to explore the possibility of

Fig. 2 Pulmonary score pre-

and post-cardiac catheterization

(a) and pre- and post-surgical

ligation (b). X-axis represents
time (days), with negative

values denoting days prior to

catheterization. Y-axis

designates Pulmonary Scores

(mean). Table designates

Pulmonary score (Maximum,

p75, mean, p25, minimum).

Pulmonary scores decreased

following PDA closure (linear

mixed-effect model, P\ 0.001)

in both groups
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Fig. 3 Comparison of pulmonary score before and after PDA closure

(red: surgical ligation; blue: percutaneous closure). X-axis represents

time (days), with negative values denoting days prior to surgery.

Y-axis designates pulmonary scores (mean). Table designates the

mean differences (95% CI, P value). Reference group: percutaneous

closure

Table 6 Postnatal characteristics during hospitalization

Morbidity Percutaneous closure (N = 25) Surgical ligation 1–2 kg

(N = 28)

Difference (95% CI) P valuec

ROP stage C3

N (%)

3 (12) 4 (14) - 2% 0.806

Surgical NEC

N (%)

4 (16) 7 (25) - 9% 0.420

IVH grade 3–4

N (%)

1 (4) 7 (25) - 21% 0.024

cPVL

N (%)

0 (0) 2 (7) - 7% 0.455

Neonatal septicemia[ 1

N (%)a
11 (44) 19 (68) - 24% 0.079

MV 28 days after PDA closure

N (%)

1 (4) 6 (21) - 17% 0.114

Inotropics after PDA closure

Mean (SD) (days)b
0.64 (0.9) 3.3 (2.9) - 2.68 (- 3.9 a - 1.43) \ 0.001

NICU stay

Mean (SD) (months)

1.6 (0.76) 1.57 (0.83) ? 0.036 (- 4.4 a ? 0.51) 0.880

In-hospital stay

Mean (DS) (months)

3.3 (1.42) 3.39 (1) - 0.05 (- 0.79 a ? 0.7) 0.897

IVH intraventricular hemorrhage, cPVL cystic periventricular leukomalacia, MV mechanical ventilation, NEC necrotizing enterocolitis, NICU

Neonatal Intensive Care Unit, ROP retinopathy of prematurity
aCulture positive sepsis
bDuration of inotropic after procedure
ct test or Wilcoxon test for continuous data, or v2 test for categorical data. Reference group: percutaneous closure
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performing percutaneous closure of PDA in this

population.

Pulmonary Status

There has been a recent shift in the management of PDA in

preterm infants. Meta-analysis of clinical trial literature on

treatment of ductus shows that early treatment may not be

beneficial, and conservative treatment may encourage

better mid to long-term results, limiting ductus treatment to

those whose clinical, hemodynamic, and/or respiratory

evolution is not favorable. As seen in our cohort of preterm

infants receiving surgical or percutaneous treatment, evo-

lution of respiratory status until the moment of interven-

tion, far from improving, suffers progressive worsening

until the moment of closure, and after closure, begins to

improve. To tackle the fundamental questions regarding

clinical and/or hemodynamic thresholds for PDA surgical

or percutaneous closure, large, multi-centric studies are

necessary to detect clinically significant differences in

results in a range of weighted categories. Furthermore,

consideration of specific factors beyond weight (preterm,

congenital anomalies, comorbidity) underlying the risk are

fundamental for the development of risk stratification

models.

These data support the idea that percutaneous PDA

closure in preterm infants with significant respiratory

support is effective with a safety profile comparable to

surgical ligation. Furthermore, patients undergoing percu-

taneous closure, in our series, recovered respiratory status

earlier than the surgical group. A decrease in pulmonary

score was appreciated immediately post ductal closure and

improved significantly from the first week post procedure,

as opposed to the surgical group, in which an initial rise in

the post-procedure score was observed, and no significant

improvement was observed until the second week post

procedure, which could indicate and confirm the effects of

thoracotomy and possible lung edema produced by the

surgical ligation technique. These data, however, should be

interpreted with caution, as the higher rates of mortality

and morbidity in the surgical group, even long after suc-

cessful PDA closure, reflect the complicated baseline

medical situation and the multiple comorbidities leading to

prolonged positive pressure ventilation after birth.

Morbi-Mortality

In this study, we also tried to establish whether the per-

cutaneous approach would be less likely than the surgical

approach to produce signs and symptoms of cardiac com-

promise, commonly known as post ligation syndrome

(PLS), as well as the development of BPD (requiring 02 at

36 weeks of PMA), development of NEC requiring surgi-

cal revision or grade[ 2, ROP C grade 3, IVH grade 3–4

and/or cPVL (comorbidity at discharge amongst survivors),

lower probabilities of moderate-severe neurodevelopmen-

tal impairment on evolution, and lower probabilities for

hospital death before week 36 of PMA. As well as the

incidence of problems commonly associated with surgical

ligation like recurring vocal cord paralysis.

In this study, the percutaneous group required less use of

inotropic therapy post procedure and for shorter intervals

when used. Patients with PLS suffer hemodynamic

Table 7 Neonatal and neurodevelopmental outcomes of infants who underwent surgical ligation (group 1 to 2 kg) versus percutaneous treated

infants

Outcome Percutaneous closurea

(N = 25)

Surgical ligation

(N = 28)

Model 1b: OR (95%

CI)

Model 2c: AOR (95%

CI)

Death before 36 weeks PMA 1 (4%) 6 (21%) 0.15 (0.1–0.9) 0.89 (0.4–1.4)

Moderate-severe neurodevelopmental

impairmentd
1 (4%) 2 (7%) 0.43 (0.27–1.4) –

Morbidity before discharged,e 8 (33%) 10 (35%) 0.88 (0.6–2) –

BPDf 14 (56%) 17 (61%) 0.49 (0.31–1.3) –

AOR adjusted odds ratio, BPD bronchopulmonary dysplasia, OR odds ratio, PMA post-menstrual age
aReference group: percutaneous closure
bUnivariate analysis
cAdjusted for antenatal and perinatal covariables: presence of preeclampsia/eclampsia, spontaneous onset of labor, pPROM, maternal infection as

indication for delivery, antenatal corticosteroid treatment, mode of delivery, gestational age, birth weight, infant sex, small for GA
dAmong Hospital discharge survivors
eSurvival to hospital discharge with: intraventricular hemorrhage grade C 3, and/or cystic periventricular leukomalacia, and/or retinopathy of

prematurity stage C 3, and/or surgical necrotizing enterocolitis
fAny oxygen treatment at 36 weeks PMA
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instability, an increase in need for inotropic therapy and an

increase in respiratory support in the immediate 24 h post

ductus ligation. Etiology of PLS is not well understood, but

probably includes the incapacity of the premature neonatal

myocardium to tolerate sudden increases in post load

resulting in deterioration of left ventricle performance and

lung edema. The mechanical manipulation of the left lung,

necessary in surgical ligation, may also contribute to this

clinical scenario.

In this study of a retrospective cohort of preterm infants

with hemodynamically significant PDA, in whom an

intervention for closure was performed, lower probabilities

for development of comorbidities were observed, when

compared to the surgical group with lower rates for the

percutaneous group which could indicate a protective

effect for percutaneous approach as opposed to the surgi-

cal. However, in the multi-variate analysis, including pre-

natal, perinatal, and postnatal variables, this protective

association could not be proved, so we demonstrate asso-

ciation, rather than causality. As previously mentioned, to

tackle these fundamental questions regarding which strat-

egy to use in PDA closure, large, multi-centric studies with

sufficient power are needed to detect differences clinically,

furthermore, the consideration of specific patient factors

underlying risk, is essential for the development of risk

stratification models.

Feasibility of the Percutaneous Approach

Percutaneous PDA treatment in preterm infants with

weights below 2 kg is technically complex, due to the size

of the delivery device systems; the size of the vascular

structures adjacent to the PDA, and the PDA size and

morphology found in most of these patients, with compli-

cations described such as residual shunts, embolizations,

vascular damage, and obstruction of the aorta and left

pulmonary artery. Therefore, percutaneous PDA closure is

not routinely considered as an alternative to surgery when

medical treatment fails. However, percutaneous PDA clo-

sure in this context, with the emergence of new devices and

improvement in the learning curve, supported by recent

works (Table 1) [24, 28–35], has shown near 100%

occlusion success rate, with a low rate of complications,

demonstrating similar incidences of adverse events as their

homologous with higher weights [48]. Therefore, percuta-

neous PDA closure approach in preterm infants with very

low BW, appears to be a promising option, to reduce the

consequences of conservative therapy and to avoid the

possible adverse effects of left thoracotomy.

Limitations

This study is retrospective and the assignation of treatment

strategy was not randomized. Although, we attempted to

control factors which could bias results, other differences

between the study groups may exist and therefore, a

definitive causal relationship could not be established

between the method of PDA closure and respiratory

function recovery time as well as and morbi-mortality

probability.

Even in an institution with a focus on preterm PDA

management, the decision to refer for percutaneous closure

or not, lies with the attending physician, with marked

variation in referral timing for percutaneous closure. Thus,

questions relative to selection and optimal timing for per-

cutaneous closure remain unanswered. Although currently

there is no standard criteria to determine which preterm

infants should undergo PDA closure, all the study patients

treated with percutaneous closure fulfilled the surgical

criteria.

Given that this study was carried out in a highly spe-

cialized center, the risk of reference bias is acknowledged.

Although vascular lesions were not observed during

follow-up (clinical examination), vascular echo-doppler

was not performed in all patients in the percutaneous

group, so we could not safely state that there were no

problems with vascular access.

As previous data have proven that mechanical ventila-

tion increases risk of chronic lung disease in very prema-

ture infants, the improved respiratory state post

percutaneous closure is encouraging and adds to the

increasing proof on the potential value of this approach

[23]. However, we recognize that the possibility of non-

measured effects, including improvement of respiratory

function over time (nutrition, lineal growth), may con-

tribute to clinical improvement.

Conclusion

The positive impact of percutaneous PDA closure on pul-

monary recovery post intervention is greater than with

surgical closure with equal weights and GAs, showing an

early recovery and less need for short-term respiratory

support.

The negative impact of PDA closure in preterm infants

on hemodynamics is lower in the percutaneous group with

equal weights and GAs, proving less need for inotropic

support post ligation.
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Percutaneous ductal closure associates lower morbidity

and lower mortality when compared to the surgical group.

However, more controlled clinical trials are necessary to

evaluate the clinically relevant differences in results post

percutaneous approach of ductal closure versus alternative

management strategies (surgical ligation).
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