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ABSTRACT

Background: The aim of this study was to present an 
extrapleural approach for the closure of patent ductus arte-
riosus (PDA), with the repair of aortic coarctation (CoA) in 
the same session, in critically ill newborns and infants as an 
alternative to the transpleural surgical technique.

Methods: Between December 2007 and November 2010, 
44 critically ill patients with PDA and coarctation of the aorta 
were operated on during the same session with the extrapleural 
approach. The diagnoses of the patients were made by trans-
thoracic echocardiography (TTE). We investigated the aortic 
arch, the length of the coarctation segment, peak-to-peak gra-
dients, the aortic valve, and intracardiac defects prior to the sur-
gery using TTE. Cardiac angiography was performed to deter-
mine whether the patients were suitable for an interventional 
approach in hemodynamically stable patients. Twenty-eight 
patients had congestive heart failure with mild to moderate 
pulmonary and systemic hypertension. The median gestational 
age and weight of neonates were 2.1 kg (range: 1.4 to 2.9 kg), 
and 31.4 weeks (range, 28.6 to 37 weeks), respectively. During 
the operations, PDA was closed using double clips. Resection 
of coarctation with an extended end-to-end anastomosis was 
performed in 27 patients. Subclavian flap angioplasty was per-
formed in four patients, and an aortic patch repair was per-
formed in two infants. Postoperative PDA flow and residual 
aortic gradient were evaluated using echocardiography prior to 
discharge from the hospital and during the follow-up period.

Results: There were three in-hospital deaths (6.8%). 
During the follow-up period, two patients died (4.8%). The 
mean follow-up period was 48.3±21.5 months (range: 29-56 
months). Patent foramen ovale, atrial septal defect, and ven-
tricular septal defect were the additional cardiac pathologies. 
These were hemodynamically insignificant. We detected 
that the intracardiac defects closed spontaneously. During 
the follow-up period, recoarctation developed in six patients 

(20%). We found that the risk factors for recoarctation in 
patients were to have a gradient from coarctation area, which 
was higher than ≥ 50 mmHg, and the length of coarctation 
segment that was longer than 1 cm in their first operation 
(P = 0.033). The median time from the first surgery to reco-
arctation was 25.4±13.2 months (range: 16-36 months). Bal-
loon dilatation was performed in four patients. We performed 
redo-surgery in the remaining two patients with recoarcta-
tion. The mean intubation time was 9.1±13.4 hours (range: 
5.8-19.8 hours). Transthoracic echocardiography showed 
normal left ventricular dimensions and systolic function in 34 
patients during follow up (87.1%).

Conclusion: Our experiences show that surgical repair of 
aortic coarctation and PDA closure at the same session may 
be performed safely and with acceptable mortality and mor-
bidity via an extrapleural approach. Interventional approach 
as a less invasive method may be used in patients who have 
developed recoarctation.

INTRODUCTION

Pulmonary and systemic hypertension, and congestive 
heart failure may develop in children with hemodynamically 
significant PDA [Jaillard 2006]. In children who have a large 
PDA associated with aortic coarctation, the most common 
life-threatening problems are pulmonary hypertension and 
congestive heart failure [Redington 1990]. Conservative 
treatment may be the initial choice with fluid restriction 
and an intravenous administration of ibuprofen in patients 
without congestive heart failure (CHF) and with normal pul-
monary functions. Surgery was the most common preferred 
option in patients with coarctation associated with PDA until 
the 1980s. The efficacy of transcatheter treatment and its 
safety during the closure of PDA and simultaneous aortic bal-
loon dilatation in small babies or preterm infants has been 
reported in the early period of 1980 [Redington 1990]. Com-
plications after surgery or transcatheter interventions, such 
as aortic pseudoaneurysm, hemorrhage, residual gradient, 
incomplete PDA closure, and side effects of vascular access 
during intervention, have been described [Huggon 1994; 
Celermajer 2002; Bacha 2001; Ralph-Edwards 1995].

There is a limited number of case series with hemody-
namically significant coarctation that was treated with the 
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transcatheter approach in the literature [Celermajer 2002; 
Uddin 2000; de Bono 2005; Roos-Hesselink 2003]. Multiple 
transcatheter interventions in the same session for treatment 
of PDA in combination with CoA have been reported by 
Turkay et al. [Turkay 2010]. Simultaneous treatment of native 
coarctation of the aorta combined with patent ductus arterio-
sus using a covered stent [Sadiq 2003], and stent implanta-
tion for aortoplasty and closure of patent ductus arteriosus 
using the Amplatzer duct occluder [Hakim 1999] have been 
described. Recoarctation after surgery or balloon angioplasty 
in infants, and a pulmonary embolic event by coil during PDA 
closure were reported [Uddin 2000; de Bono 2005; Roos-
Hesselink 2003; Turkay 2010; Sadiq 2003; Hakim 1999].

Owing to some technical difficulties, it is not possible 
to treat low-weight babies who have PDA associated with 
an aortic coarctation in the same manner through an inter-
ventional approach. Therefore, surgery is inevitable in 
these patients. According to the authors, surgical treatment 
is accepted as a gold standard in patients younger than 6 
months [Huggon 1994; Celermajer 2002; Bacha 2001; Ralph-
Edwards 1995]. A case-control study comparing surgery and 
balloon dilatation demonstrated significantly lower re-inter-
vention and complication rates after surgery compared to 
post balloon angioplasty [Uddin 2000; de Bono 2005; Roos-
Hesselink 2003; Turkay 2010].

The management of a large PDA and hemodynamically 
significant aortic coarctation in the same session is controver-
sial [Turkay 2010]. The seriously ill preterm infants present-
ing with medically intractable congestive heart failure is a spe-
cific entity. The authors traditionally preferred a transpleural 
approach for repairing CoA with the closure of PDA in the 
same session. This classical technique may increase the risk of 
bleeding, pneumothorax, hemothorax, or chylothorax as life-
threatening complications that may require revision surgery or 
longer intubation time after surgery. In order to prevent com-
plications of transpleural technique during an isolated PDA 
closure procedure, a minimally invasive extrapleural approach 
or video-assisted thoracoscopy previously has been described in 
a limited number of reports [Früh 2011; Wyss 2005; Mazzera 
2002; Vicente 2004; Iwase 2003; Leon-Wyss 2003; Pradegan 
2020; Sersar 2005]. In our study, we present coarctation repair 
in combination with PDA closure in the same session using an 
extrapleural approach in critically ill children.

In this retrospective review, we aimed to analyze postoper-
ative outcomes after an extrapleural approach and its efficacy 
in seriously ill infants who have hemodynamically significant 
PDA associated with coarctation over a 10-year period.

MATERIALS AND METHODS

Forty-four babies (N = 18 neonates) with a large PDA 
associated with aortic coarctation were operated in two ter-
tiary centers. Thirty patients were male. After approval by the 
hospitals’ ethics committee, informed consent was obtained 
from each patient’s family. In order to confirm the diameter 
and length of PDA, gradient from the coarcted segment and 
its location, as well as the type of pathology, transthoracic 

echocardiography (TTE) was performed prior to the surgery. 
The gestational age of neonates and infants was 29.9±4.5 
weeks and 33.9±6.2 weeks, respectively (P = 0.70). The median 
birth weight was 980±267 g in neonates and 1110±320 g in 
infants, respectively (P = 0.66). All patients received ibuprofen 
or indomethacin prior to the surgery. The mean weight at the 
time of surgery was 1650±370 g in neonates and 3450±660 g 
in the infant group, respectively (P = 0.034). The mean age at 
surgery was 28±4.3 d in neonates and 112.5±89.3 d in infants, 
respectively (P = 0.01). The size and length of PDA, median 
gradient from coarctation, and pulmonary artery pressures 
were measured using TTE for each patient. The length of 
the coarctation also was measured during surgery.

Patent foramen ovale, atrial septal defect, and ventricular 
septal defect were observed as intracardiac defects, which were 
hemodynamically insignificant. Twenty-eight infants had con-
gestive heart failure with mild to moderate pulmonary hyper-
tension. Patients’ characteristics, including median gestational 
age, gender, and weight are summarized in Table 1. (Table 1)

We followed the patients in the early and late postopera-
tive periods for the development of recoarctation and residual 
PDA flow, in terms of deaths and the need for reoperation. If 
we detected complications after surgery, such as the injury of 
parietal pleura and bleeding from anastomosis, the amount 
of blood transfusion, pulmonary complications such as atel-
ectasis or pneumonia, neurologic events, and pleural effusion 
were noted in the early and late postoperative period.

Twenty-eight patients had CHF with mild or moderate 
pulmonary hypertension. All patients had systemic hyper-
tension and received antihypertensive medication, including 
diuretics, angiotensin-converting enzyme inhibitors, and dig-
italis. We excluded the patients who had metabolic or bleed-
ing disorders, immune deficiency, liver or kidney disease, or 
hemodynamically significant cardiac defect(s).

The operative data, including the duration of surgery, 
and aortic clamp time, were noted. The patients were evalu-
ated during the follow-up period using physical examination, 
patients’ weight, and findings of TTE. Patients’ characteris-
tics, including gestational age, age at the time of the opera-
tion, duration of mechanical ventilatory support, ICU, and 
hospital stay time, also were evaluated and compared.

Twenty patients already were intubated due to some comor-
bidities, hypoxia, or pulmonary disorders prior to the surgery. 
Operative data, including the duration of surgery, an aortic 
cross-clamp time, and postoperative gradient from the aorta, 
are summarized in Table 1. In addition, mortality, pulmonary 
complications related to cardiac or extracardiac defects, and 
post-surgery complications were evaluated. (Table 2)

We controlled echocardiography before discharging each 
patient home. Complications such as pneumothorax, chylo-
thorax or hemothorax, or presence of residual coarctation 
were noted. We controlled pedal pulses in physical examina-
tion. TTE was performed to check whether there was any 
residual blood flow from the PDA in the early periods after 
the surgery. Mortality and recoarctation were end-points.

Surgical technique: After induction of general anesthe-
sia, the patient was placed in the right lateral decubitus posi-
tion for mini-posterolateral thoracotomy (Figure 1A). (Figure 
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1) We preferred the 3rd or 4th intercostal space. The pleura 
was detached with blunt dissection away from the thoracic wall 
with careful attention to prevent entering into the pleural space 
(Figure 1B). The lung was retracted posteromedially to clearly 
expose the descending aorta and PDA. The left recurrent laryn-
geal and vagus nerves were clearly exposed and protected. After 
a clear identification of the CoA and PDA, we encircled both 
the CoA and PDA (Figure 2A and 2B). (Figure 2) We used 
double clips for the closure of the PDA. The descending aorta, 
as well as the proximal left subclavian arteries, were exposed 
and very carefully mobilized. Resection of coarctation with an 
extended end-to-end anastomosis was performed in 27 patients. 
We repaired CoA using a subclavian flap angioplasty technique 
in four infants. The subclavian flap technique was performed 
only in the presence of hypoplasia of the distal aorta. We used a 
biologic patch for repairing CoA in two patients.

Following the resection of the stenotic aortic segment with 
the remnant of PDA, we performed end-to-end anastomosis. 
After the completion of hemostasis, the lung was expanded to 
control the injury of the parietal pleura. The thoracic wall was 
closed without the use of chest wall drainage. (Figure 3) The 

patients were transferred to the ICU. Control chest x-ray film 
demonstrated that there was no pneumothorax, pleural fluids, 
or hemothorax in any patient. (Figure 4)

Statistical analysis: Analyses were performed using SPSS 
Version 19 (Illinois, Chicago, USA). Continuous variables 
were presented as mean value ± SD. We presented categorical 
variables with regard to frequencies and percentages. Pear-
son correlation analysis was used to explore possible corre-
lations between mortality and demographic factors, such as 
gestational age at birth, weight at birth, weight at operation, 
and age in days at operation. Comparisons of categorical vari-
ables were made using the Fisher’s exact or Chi-Square tests. 
To investigate risk factors for death and reoperation of aortic 
coarctation, we used Cox proportional regression analysis. 
We accepted statistical significance as P < 0.05.

RESULTS

Preoperative echocardiographic findings, including 
the mean gradient of CoA, PDA length and diameter, are 

Table 1. Demographic and the preoperative characteristics of the patients (N = 44)

Neonates (N = 18) Infants (N = 26) P

Gestational age (weeks)

   Mean±SD 29.9±4.5 33.9±6.2 0.70

Birth weight (g)

   Mean±SD 980±267 1110±320 0.66

   Male (n) 11 19 0.76

   Ibuprofen, n (%) 18 26 0.55

Weight at time of surgery (g)

   Mean±SD 1650±370 3450±660 0.034

   Median 1004 (770-1650) 2670 (1770-3650) 0.44

Age at surgery (d)

   Mean±SD 28±4.3 112.5±89.3 0.01

Size of PDA (mm)

   Mean±SD 6.2±1.7 7.4±2.1 0.56

   MG of CoA (mmHg) 47±11.7 51±9.8 0.67

   Length of CoA(mm) 7±2.8 9.5±2.9 0.44

Already intubated prior to surgery (n) 11 9 0.022

   AoCT (min.) 21±5.8 19±6.1 0.80

   Postop.Ao MG (mmHg) 6.90±4.2 7.4±3.1 0.56

Cardiac anomaly (n) 9 13 0.54

   PFO (n) 5 7 0.90

   VSD (n) 2 4 0.70

   ASD (n) 2 2 0.003

PDA, patent ductus arteriosus; SD, standard deviation; MG, mean gradient; AoCT, aortic cross-clamp time; Postop. MG, postoperative aortic mean gradient; 
PFO, patent foramen ovale; VSD, ventricular septal defect; ASD, atrial septal defect
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summarized in Table 1. Although ibuprofen was given to 
all patients before the operation, no closure or decrease in 
the flow was observed in PDA. The gestational age of neo-
nates (N = 18) and infants was 29.9±4.5 weeks and 33.9±6.2 
weeks, respectively. The birth weights of neonates and infants 
were 980±267 g and 1110±320 g, respectively (P = 0.66). The 
patients’ weight at the time of surgery was 1650±370 g in neo-
nates and 3450±660 g in infants, respectively (P = 0.034). Pre-
operative echocardiography showed that the mean PDA diam-
eter was 6.45±3.40 mm (range: 2.5-9 mm). TEE showed there 
was no significant difference, when compared to the size of 
PDA in neonates and infants (6.2±1.7 mm vs. 7.4±2.1 mm) (P = 
0.56). The median (±SD) (IQR-interquartile range) preopera-
tive gradient of coarctation was 47±11.7 mmHg in neonates 
and 51±9.8mmHg in infants, respectively (P = 0.67) (Table 1).

At presentation, TTE demonstrated that there was con-
gestive heart failure in 28 patients (61.1%). Out of 28, 19 
patients were neonates. Because of the number of patients 
who had unstable hemodynamic situations and some comor-
bid disorders and hypoxia, we intubated 20 patients with 
ventricular dysfunction and pulmonary congestion preopera-
tively. Eleven neonates had bronchopulmonary dysplasia and 
moderate pulmonary hypertension. Acute respiratory distress 
syndrome (ARDS), sepsis, pneumonia, or pulmonary conges-
tion were the main reasons for intubation.

Three patients died in the early postoperative period, two 
of whom were from the neonatal group (6.8%). Congestive 

heart failure that was resistant to medical treatment, sepsis, 
and intestinal complications after surgery were the reasons 
for mortality factors.

 In 12 patients, patent foramen ovale (N = 2), small muscular 
ventricular septal defect (N = 6), and atrial septal defects (N = 4) 
were additional cardiac pathologies that were hemodynamically 
insignificant. We intubated two neonates prior to the surgery 
because of intestinal or pulmonary reasons. We started antibi-
otics, digitalis, and diuretics. Neither necrotizing enterocolitis 
(NEC) nor intracranial hemorrhage was seen in the preopera-
tive period. We successfully performed surgery 7-10 days after 

Figure 1. The posterolateral minithoracotomy incision. A) After the 
blunt dissection of visceral pleura, the right lung pushed posteriorly to 
expose patent ductus arteriosus and the descending aorta (B).

Table 2. Postoperative characteristics of the patients

Neonates (N = 18) Infants (N = 26) P

Acute complications and death (n, %)

   Death (n, %) 2 (11.1) 1 (3.8) 0.034

   Pneumothorax 0 0 -

   Intestinal complication 1 (5.5) 0 0.46

   Bleeding 0 0 -

   Inotropic use (n) 9 13 0.56

   IVH 0 0 -

   Chylothorax 0 0 -

   Dysphonia 0 0 -

Follow-up (median: 48.3±21.5 month)

   Death after discharge (n, %) 2 (12.5) 0 -

   Recoarctation(n, %) 4 (25) 2 (8) 0.01

   TI 4 2 -

   Redo surgery 1 1 -

   Flow from PDA (n, %) 0 0 -

   Oxygen at 48 weeks (n, %) 13 (72.2) 11 (42.3) 0.024

   Oxygen at home (n, %) 6 (33.3) 7 (26.9) 0.67

IVH, intraventricular hemorrhage; TI, transcatheter intervention
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medical treatment in those two patients. Clinically significant 
anemia requiring transfusion was detected in four infants. A 
ventriculoperitoneal shunt was performed in two neonates with 
hydrocephalus two weeks after the cardiac surgery.

We genetically confirmed Down Syndrome (Trisomy-21) 
in three patients who were found to have duodenal atresia. 
Four weeks after the cardiac surgery, two of the three patients 
were operated on due to duodenal atresia. There was the pres-
ence of clinically significant hypothyroidism in five patients. 
Thyroid replacement therapy was applied to these patients by 
the endocrine department for 5-7 days before the operation. 
Since many of our patients had some comorbid diseases or 
additional anomalies, 2-3 doses of ibuprofen were adminis-
tered. Despite the administration of ibuprofen, the continu-
ation of PDA patency has been confirmed using TTE. Thus, 
surgery was decided after hemodynamic stability was achieved.

The postoperative results of the patients are summarized 
in Table 2. Echocardiographic examinations showed that the 
mean gradient after CoA repair in the neonates and infants 
was 6.5± 3.8 mmHg (range: 0-7.6 mmHg) and 4.8±1.1 mmHg 
(range: 1.4-6.9 mmHg), respectively.

The median mechanical ventilatory support time was 
44.3±33.9 h (range: 22.1-104 h) in neonates. In the infant 
patients, ventilatory support was 25±14.9 h (range: 11.1-66.2 
h). When comparing the intubation time of both groups, it 
was significantly longer in the neonates (P = 0.033). The mean 
hospital stay time was longer in the neonates when compared 
with the infants (68.4±85.4 d vs. 38.4±55.9 d) (P = 0.001). Intu-
bation time (P1 = 0.03) and supplementary oxygen requirement 
(P2 = 0.022) were significantly high in the neonates compared 
with the infants. Pre- and postoperative ARDS development, 
due to sepsis or pneumonia, was significantly high in the neo-
nates. We think that the reasons for significant differences 
were lung immaturity, the easy vulnerability of neonates, and 
presence of bronchopulmonary dysplasia in neonates.

We did not detect residual flow from PDA or significant 
aortic gradient in any of our patients on postoperative control 
echocardiography. Postoperative pedal pulses were patent in 
all patients. Systemic hypertension regressed in all patients 
with the application of postoperative medication. In patients 
with pulmonary congestion due to cardiac reasons, symptoms 
improved significantly, and blood oxygen saturation increased 
after surgery. After achieving hemodynamic stability and 
adequate blood oxygen saturation, the neonates and infants 
were extubated. Neither phrenic nerve nor ductus thoracicus 
injury was seen. All patients underwent regular echocardiog-
raphy before being discharged to their homes.

Follow-up period: The clinical results of patients’ follow up 
are summarized in Table 2. Two neonates died during the fol-
low-up period without any cardiac-related reason (4.8%). One 
patient died because of sepsis in the 11th month. Another patient 
died due to a hemorrhage. TTE showed that PFOs, ASDs, and 
VSD closed spontaneously, except for two patients with ASD.

Recoarctation developed in six patients (20%), four of 
whom were neonates. The mean gradient was 41±11.4 mmHg 
(range: 24-56 mmHg). Systemic hypertension was detected in 
those six patients. TTE showed that there was no evidence 
of congestive heart failure in six patients. We performed 

Figure 2. The coarctation of aorta (black arrowhead) and post-stenotic 
aortic dilatation (A), and a large patent ductus arteriosus which is being 
encircled prior to clipping (Black arrowhead).

Figure 3. After closure of the thoracotomy incision. No tube thoracos-
tomy is needed after the surgery.

Figure 4. Chest X-ray film of a neonate in the intensive care unit. No 
pneumo- or hemothorax is seen.
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transcatheter balloon dilatation successfully in four patients. 
The median gradient decreased to 6.1±3.2 mmHg (range:3.5-
11.0). Because balloon dilatation failed in the remaining two 
patients, we performed reoperation through left posterolateral 
thoracotomy using a transpleural technique. No adhesion in 
the pleural space was seen related to the first surgery. An end-
to-end anastomosis was performed successfully in those two 
patients. The mean gradient after surgery was 4.1±1.9 mmHg 
(range: 2-8 mmHg). Pedal pulses were patent in all patients 
after the interventions and surgeries. No mortality or morbid-
ity was seen after interventions and surgical approaches. All six 
patients were extubated in the operating room. Two patients 
required inotropic administration for two days in the ICU, 
and we discharged all patients without complications.

During the first operation in our six patients who devel-
oped recoarctation, we found a high preoperative gradient 
(35 mmHg and above) and CoA segment length longer than 
10 mm. Transthoracic echocardiography showed normal left 
ventricular dimensions and systolic function in 80% of the 
patients. The mean weight at the last control echocardiogra-
phy reached 14.6±5.3 kg (range: 2344-16400 g). No compli-
cation (e.g., chylothorax, hemothorax, or pneumothorax) was 
detected during the follow-up period.

DISCUSSION

Patent ductus arteriosus associated with an aortic coarc-
tation is a common cardiovascular pathology in premature 
infants. Conservative treatment, interventional, or surgi-
cal approaches are being used to treat this pathology. Fluid 
restriction, digitalis, and diuretics administration are being 
used in conservative treatment. In addition, ventilation strate-
gies, advances in medication, including exogenous surfactant 
administration, increase spontaneous PDA closure. However, 
the treatment of hemodynamically significant aortic coarcta-
tion associated with PDA is controversial, especially in infants 
with congestive heart failure [Huggon 1994; Celermajer 2002; 
Bacha 2001; Ralph-Edwards 1995]. In premature newborns 
with a CoA, resection of coarctation segment with an end-to-
end anastomosis has been accepted as the gold standard thera-
peutic option in a number of centers until the 1980s [Huggon 
1994; Celermajer 2002; Bacha 2001; Ralph-Edwards 1995; 
Uddin 2000; de Bono 2005; Roos-Hesselink 2003]. Since the 
early period of the 1980s, transcatheter treatment has been 
described for the treatment of native coarctation [Redington 
1990; Huggon 1994; Celermajer 2002]. For the closure of 
PDA, a transcatheter intervention using a coil or Amplatzer 
device has been introduced at the same time [Jaillard 2006; 
Turkay 2010; Sadiq 2003; Hakim 1999; Früh 2011]. Balloon 
angioplasty for treating coarctation with PDA closure using a 
coil or Amplatzer device in the same session as an interven-
tional approach has been proposed as an alternative to sur-
gery [Roos-Hesselink 2003; Turkay 2010; Sadiq 2003; Hakim 
1999; Früh 2011]. Unfortunately, the recoarctation rate is 
high after interventional approach, especially in low-birth-
weight infants and neonates [Turkay 2010; Sadiq 2003; Hakim 
1999; Früh 2011; Wyss 2005; Mazzera 2002; Vicente 2004]. 

Therefore, re-intervention using transcatheter or surgery has 
been proposed [Redington 1990; Huggon 1994; Celerma-
jer 2002; Bacha 2001; Ralph-Edwards 1995; Uddin 2000; de 
Bono 2005; Roos-Hesselink 2003; Turkay 2010].

In surgery, the transpleural technique for closure of PDA 
and coarctation repair, are being used in a number of centers. 
Since it has some complications, such as pleural effusion or 
phrenic nerve damage, an extrapleural or video-assisted mini-
mally invasive surgery have been described for the closure of 
PDA in critically ill patients [Früh 2011; Wyss 2005; Mazzera 
2002; Vicente 2004; Iwase 2003; Leon-Wyss 2003; Pradegan 
2020; Sersar 2005; Demirturk 2011; Chen 2011; Villa 2004]. 
No report has been published concerning PDA closure in 
combination with coarctation repair in the same session using 
an extrapleural technique in neonates or infants with conges-
tive heart failure. Thus, to our knowledge, we presented our 
experiences of extrapleural surgical technique for the closure 
of PDA and coarctation repair in children with hemodynami-
cally significant PDA associated with native aortic coarctation 
and their clinical outcomes for the first time in literature. We 
administered antihypertensive medication, including digitalis 
and diuretics, in hemodynamically unstable patients prior to 
their surgery. In patients who were resistant to medical treat-
ment or conservative management, we preferred surgery in 
neonates with congestive heart failure. We preferred resection 
of the coarcted segment and extended end-to-end anastomosis 
or subclavian flap aortoplasty. Postoperative peak-to-peak gra-
dients were within normal limits, and pedal pulses were patent 
in our patients. We observed that the congestive heart failure 
improved, and the ventilation support time decreased dramati-
cally after surgery. We initially suggest a conservative approach 
in hemodynamically stable patients with a PDA diameter lower 
than 2*3 mm, and a gradient from the coarctation segment that 
is between 20-30 mmHg. We restricted fluid administration, 
diuretics, and antihypertensive drugs for 3-5 days. Therefore, 
surgery may be delayed in these types of patients.

The recurrence rate of CoA after surgery or transcatheter 
balloon angioplasty was higher in patients whose age was lower 
than 6 months [Redington 1990; Huggon 1994; Celermajer 
2002; Bacha 2001; Ralph-Edwards 1995; Uddin 2000; de Bono 
2005; Roos-Hesselink 2003; Turkay 2010]. In case of the recur-
rence of coarctation after surgery or balloon angioplasty, then 
transcatheter re-intervention may be performed as a therapeutic 
option. Unfortunately, an aortic aneurysm or periaortic hema-
toma may be seen after the transcatheter intervention. In most 
premature babies whose weight is 1,000 g or less, CoA associ-
ated with PDA may go on to become hemodynamically signifi-
cant, and thus, it will require immediate medication and sur-
gery. Surgical ligation or interventional closure of PDA using 
a coil or Amplatzer may be performed immediately if patients 
have a hemodynamically significant case that results in cardiac 
dysfunction and respiratory failure. Ligation of PDA may be 
performed via transpleural or extrapleural technique using a 
clip or tying. Some adverse effects, such as phrenic nerve injury, 
bronchopulmonary dysplasia, NEC and IVH, may be seen after 
surgery of PDA in combination with CoA repair.

Complications encountered during or after balloon angio-
plasty for both native and recurrent coarctation include 
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femoral artery injury, dissection of the entry side, and aneu-
rysm formation. Stenting during coarctation angioplasty has 
been suggested in older children (≥ 6 years) since the use of 
stent implantation has some limitations [Sadiq 2003; Hakim 
1999; Früh 2011]. Complications encountered during or after 
stent implantation are similar to those encountered after bal-
loon angioplasty, with the added potential risk of stent malpo-
sition [Hakim 1999; Früh 2011].

The authors suggested that transcatheter interventions, 
including stent implantation following balloon angioplasty in 
older children, might be decided [Sadiq 2003]. In children 
whose ages are more than 6 years, some authors preferred 
stent implantation with the use of a 5-14 mm length balloon 
with a maximum pressure of 3.5 atm to achieve the dilata-
tion of the aortic coarctation [Hakim 1999; Früh 2011]. The 
authors showed that there was a higher decrease in the gradi-
ent of patients treated with surgery (70.2%) compared with 
balloon dilatation (34.4%). Früh et al. showed that there was 
a lower residual gradient after stent implantation compared 
with balloon dilatation in patients who are older than 6 years 
(73.7% vs. 10.3%) [Früh 2011]. Transcatheter intervention, 
surgery, and hybrid procedures as treatment options have 
been suggested depending on the patient's age, anatomic 
properties of the pathology, and the size of PDA associated 
with aortic coarctation in previous reports [Jaillard 2006; 
Redington 1990; Huggon 1994; Celermajer 2002; Bacha 
2001; Ralph-Edwards 1995; Uddin 2000; de Bono 2005; 
Roos-Hesselink 2003; Turkay 2010].

Infants with a peak-to-peak coarctation gradient ≥ 20 
mmHg is accepted as a critical point, which is the risk for 
sudden death when PDA closes. In order to provide patency 
of PDA prior to surgery or intervention, continuous intrave-
nous infusion of prostaglandin E1 is essential.

With surgical experiences and technological advance-
ment, successful trans- and extrapleural or minimally invasive 
(endoscopic) surgical approaches may prevent late complica-
tions such as scoliosis, winged scapula, chest wall deformi-
ties, breast malformation, and rib fusion after the transpleu-
ral technique, which also may cause secondary respiratory 
compromise. The advantage of an extrapleural technique has 
been described in a limited number of patients [Wyss 2005; 
Mazzera 2002; Vicente 2004; Iwase 2003; Leon-Wyss 2003; 
Pradegan 2020; Sersar 2005; Demirturk 2011].

To our knowledge, closure of PDA in combination with 
the repair of CoA at the same session using the extrapleural 
approach in seriously ill babies was not previously reported. 
Our aim of retrospective review has focused on clinical 
results of surgical approach after surgical coarctation repair 
combined with PDA closure in neonates and infants. We pre-
sented clinical results of our patients in the early stages and at 
the end of the follow-up period. We compared mortality and 
morbidity rate, intubation and hospitalization period, and 
ICU stay-time of our groups (neonates and infants older than 
6 months). According to our results, we suggest an extrapleu-
ral technique for the closure of PDA using double clipping 
in combination with end-to-end anastomosis technique in 
critically ill children with or without congestive heart failure 
and its complications. No side effects or complications were 

detected related to our technique as a less invasive method.
The clinical results of medication or surgery of small infants 

and neonates with an isolated PDA have been reported in a 
number of studies [Villa 2004; Alexander 2009; Uddin 2000; 
Villa 2005; Alvarez 2015]. However, the results of different 
treatment methods of PDA associated with coarctation have 
not been well studied. Thus, we need prospective randomized 
clinical trials and comparisons between the treatment meth-
ods, including the conservative option, transcatheter interven-
tion, and surgery for each age group. Many centers preferred 
an interventional approach in patients with an isolated PDA or 
coarctation of the aorta. Because the recoarctation rate is high 
after the percutaneous approach in small children, surgery 
may be decided as a first option. Thus, minimally invasive sur-
gery, such as video-assisted thoracoscopic surgery (VATS) or 
extrapleural technique was performed as alternative options. 
However, body weight is one of the main restrictions for 
VATS, and its price is high for poor and developing countries.

The extrapleural option was chosen due to earlier reports 
of successful PDA used for term and preterm infants in our 
experiences. Two new minimally invasive techniques are 
described by Mazzera et al. [Mazzera 2002] and Vicente et al. 
[Vicente 2004]. Wyss et al. described the modified extrapleu-
ral ligation of patent ductus arteriosus as a convenient surgery 
[Wyss 2005]. Mazzera et al. and Vicente et al. described the 
transverse cervicectomy approach and the dorsal minithora-
cotomy method for clipping PDA alone.

Our technique may lead to minimal stress on organ sys-
tems, such as the intestine, liver, or kidney. No complications 
such as NEC, IVH, parietal pleura injury, and neural damage 
were detected during and after the surgery. In our cohort, 
the operation needs only a central line and the radial and 
femoral arterial monitorization of systemic pressure. Because 
this technique does not require thoracic tube thoracostomy 
after surgery, the quality of life of these babies was found to 
be more comfortable. Since performing tube thoracostomy 
might increase the risk for atelectasis of the lung, we avoided 
tube thoracostomy. Our technique includes less dissection 
with muscle-sparing and obviates encircling of the PDA, and 
descending aorta, both of which result in less risk of hem-
orrhage or other surgical complications. We provide better 
hemodynamics, and also an excellent surgical exposure of 
the left recurrent nerve and the thoracic duct. Thanks to the 
extrapleural technique, we may avoid injury to the left recur-
rent nerve, vagus or ductus thoracicus.

In a previous report of preterm neonates, the authors 
reported bleeding, pneumothorax, hemothorax, vocal cord 
paralysis, chylothorax, and injury to the phrenic nerve [Man-
dhan 2009]. According to our retrospective review, com-
plications after PDA and coarctation repair surgery may 
be decrease using the extrapleural approach. However, we 
need a comparative study to define whether the extrapleural 
approach has advantages over another techniques. No nerve 
injury, chylothorax, pneumothorax, or bleeding in our babies 
was detected compared to our transpleural approach for PDA 
in premature infants. Some rare complications may be seen 
after surgery in some patients, such as a residual gradient after 
coarctation repair or inadvertent closure of the PDA.
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CONCLUSION

Conservative treatment may be the first choice in hemo-
dynamically stable children who have PDA associated with 
aortic coarctation. Extrapleural minithoracotomy technique 
may be used with a less invasive surgical option by an expe-
rienced surgeon for the closure of PDA in combination with 
coarctation repair in the same session. Recoarctation may be 
seen during the follow-up period (in 20% of patients of our 
series). An extrapleural technique may provide some advan-
tage with a low complication rate for critically ill neonates 
and small infants. We conclude that this technique is a safe, 
cost-effective, and an effective method in selected neonates 
and small infants with a comorbid disease.

Study limitations: We operated on a limited number of 
patients who underwent PDA closure and coarctation repair 
in the same session and presented the clinical outcomes of 
the patients in the last decade in our clinic. Unfortunately, we 
presented a small number of patients, and a control group was 
unavailable in our study. We also could not present a compar-
ison of the surgical outcomes and interventional approaches.
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