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One measure of progress in medicine is the introduction 
of new and superior treatment options, which naturally 
replace older forms of therapy. Sometimes, newly intro-
duced treatment options compete against, rather than 
replace, older more established treatments. This is espe-
cially true when different forms of therapy for the same 
disease have their origins in different disciplines. In line 
with recent trends in the management of congenital 
heart disease, percutaneous catheter-based procedures 
have been introduced for managing cyanotic congenital 
cardiopathies with ductus dependent pulmonary blood 
flow in neonates. In this article we describe the surgical 
and percutaneous endovascular palliative procedures 
that can be performed in neonates having contraindica-
tions to performing a complete repair of their cyanotic 
congenital cardiac malformations, including their ad-
vantages, complications, results, and outcomes.

Key words: Central Shunt; Duct dependent cyanot-
ic congenital cardiopathies; Duct stent; Modified 
Blalock-Taussig Shunt; Right Ventricular Outflow Tract 
stent.

Una medida del progreso en la medicina es la introducción 
de opciones de tratamiento nuevas y superiores, que natu-
ralmente reemplazan las formas de terapia más antiguas. A 
veces, las opciones de tratamiento recién introducidas com-
piten, en lugar de reemplazar, tratamientos más antiguos y 
establecidos. Esto es especialmente cierto cuando diferentes 
formas de terapia para la misma enfermedad tienen su ori-
gen en diferentes disciplinas. En consonancia con las ten-
dencias recientes en el tratamiento de las cardiopatías con-
génitas, han sido introducidos procedimientos basados en 
técnicas percutáneos para el tratamiento de las cardiopatías 
congénitas cianóticas con flujo sanguíneo pulmonar depen-
diente del conducto en recién nacidos. En este artículo des-
cribimos los procedimientos paliativos endovasculares qui-
rúrgicos y percutáneos que se pueden realizar en neonatos 
que tienen contraindicaciones para realizar una reparación 
completa de sus malformaciones cardíacas congénitas cianó-
ticas, incluyendo sus ventajas, complicaciones, resultados y 
desenlaces. 

Palabras clave: Fístula central; Cardiopatías congénitas 
cianóticas dependientes de conductos; Stent de conduc-
to; Fístula modificada de Blalock-Taussig; Sent en el 
tracto de salida del ventrículo derecho. 
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In the las two decades there have been great advances in 
the neonatal cardiac surgery, that have allowed to perform 
corrective surgery at an earlier age avoiding the need of 

palliative procedures and become the primary repair the first 
choice in almost all the congenital cardiac diseases.  However, 
despite the advances, palliative procedures still have indica-
tions in complex cyanotic heart disease duct-dependent. The 
systemic to pulmonary artery shunts or endovascular stent 
are done as palliative procedures for a variety of complex 
cyanotic congenital heart diseases. The spectrum may range 
from simple tetralogy of Fallot (ToF)/pulmonary atresia (PA) 
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to complex univentricular hearts with major associated sur-
gical problems. These palliative procedures  provide the first 
line of management in these critically ill cyanotic neonates. 
They are less risky and provide regulated blood flow to the 
lungs allowing growth of pulmonary arteries for future com-
plete repair. The infant also reaches a proper age and body 
weight suitable for definitive corrective repair [1].

 
CLINICAL SCENARIO
A ten days old male neonate, first child of a non-consanguin-
eous couple, born at 34 weeks of gestational age by cesarean 
approach, weighing 2120 g. The Apgar scores were 9 and 10 at 
1 and 5 min, respectively. The pregnancy was uneventful and 
there was no relevant family history. The infant was asymp-
tomatic until 40 hours of life, when neonatal pulse oximetry 
screening for congenital heart disease detected hypoxemia 
with saturations of 70–85%. On clinical examination, there 
was no respiratory distress; however, she had a mild cyanosis 
that persisted. Septic screening was negative. He was start-
ed with infusion of Prostaglandin E2 and biphasic continues 
positive airway pressure.  Echocardiography showed pulmo-
nary atresia, severe infundibular stenosis, overriding aorta, 
right ventricle hypertrophy and non-restrictive subarterial 
ventricular septal defect (9 x2.5 mm). Computerized tomog-
raphy of thorax reported, pulmonary atresia, small pulmo-
nary annulus (z score -3.20), hypoplastic main pulmonary ar-
tery (z score -3), right and left pulmonary arteries hypoplastic 
(z score -4 and -2.86 respectively), patent arteriosus conduct, 
type A from the Krichenko classification. 
The questions are:
 1.What palliative procedure will you select: surgical or en-

dovascular procedure?
 2.If you selected surgical palliative procedure, which shunt 

will be your choice: a modified Blalock-Taussing shunt (by 
thoracotomy or median sternotomy), central shunt or right 
ventricle to pulmonary connection? 

 3.If you decided for endovascular procedure, which tech-
nical will you select: duct stent or right ventricular outlet 
stent?

PALLIATIVE SURGICAL PROCEDURES (Table 1)

Shunt procedures
A systemic-to-pulmonary artery shunt has been used for 

many years to establish unobstructed systemic blood flow, 
normalize pulmonary blood flow, pressure and relive pul-
monary venous obstruction. Systemic-to-pulmonary artery 
shunts were first described by Blalock and Taussig (and Vivi-
an Thomas) in 1945 (subclavian-to-pulmonary artery shunt) 
[2], Potts in 1946 (descending aorta-to-left pulmonary artery 
shunt) [3], Waterson in 1962 [4], and  Cooley in 1966 (both 
of them as ascending aorta-to-right pulmonary artery shunt) 
[5].

An ideal shunt is expected to have the following attributes: 
technical simplicity, promote uniform growth of the pulmo-
nary arteries, without causing distortion, good functionality, 
avoid excessive shunt resulting in significant diastolic run-off 
in the short term and elevated pulmonary vascular resistance 

or impaired ventricular and atrioventricular valve perfor-
mance in the long term, good long-term patency, easy take-
down before complete repair, no residual shunt after closure 
and no damage to anatomical structure that complicate a fu-
ture corrective surgery [6]. 

Modified Blalock-Taussig Shunt 
While the classic Blalock-Taussig shunt (BTS) shunt was 

a great advanced in treating cyanotic heart diseases and per-
formed in 1944 by Alfred Blalock of the Johns Hopkins Uni-
versity Medical Center [2,7,8], it was modified for de Leval in 
1975 using a  Dacron in the first cases and later  graft polytet-
rafluoroethylene (PTFE) interposition graft to avoid the risk 
of interrupted subclavian artery flow and since that time was 
popularly known as the modified BT shunt [9]. The advantag-
es of the modified BTS, that currently is the shunt choice at 
most congenital heart surgery centers include: preservation 
of the circulation to the affected arm, regulation of the shunt 
flow by the size of the systemic artery, high early patency rate, 
guarantee of the adequate shunt length and ease of shunt 
takedown [10].

The indication for modified BTS in TOF are limited to ne-
onates with low birth weight (< 2 Kg), premature gestational 
age (<34 weeks), intraventricular hemorrhage, sepsis, pulmo-
nary arteries structural anatomy no suitable for correction 
procedure, hemodynamic instability, multiple organ failure, 
non-cardiac malformations associated, anoxic spells,  pre-
senting any contraindication to cardiopulmonary bypass or a 
combination of these condition [11] . 

The modified BT shunt can be performed through a right 
or left thoracotomy or a median sternotomy. The approach 

Palliative Surgical Procedures

Pulmonary-Systemic Shunts

Modified Blalock-Taussig shunt

Central Shunt

Mee or Melbourne Shunt

PTFE central shunt

Right Ventricle to Pulmonary Artery Connection

Direct posterior RVPA autologous connection with anterior heterologous patch conduit

Pulmonary outflow tract reconstruction using the left atrial appendage

Transannular patch

RVPA connection using a non-valve prosthetic

Palliative Percutaneous Procedures

Patent Arteriosus Duct Stent

Right Ventricular Outflow Tract Stent

RVPA: Right ventricle to pulmonary artery connection

Table 1. Palliative procedures for ductus dependent pulmonary 
blood flow in cyanotic congenital cardiac diseases.
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depends on the anatomy of the pulmonary arteries, the sub-
clavian artery, the presence and location of a ductus arterio-
sus, and the surgeon preference. Currently, (since 1990)  the 
sternotomy approach is the choice in the majority of pediatric 
cardiac center because it saves the child from a second scar, 
avoids morbid damage to the thorax with prospects of late 
scoliosis, but more importantly, the target pulmonary artery 
being intrapericardial, it is more accessible for eventual re-
construction after takedown, technically easier, provide easy 
access for alteration of the  plan, associated with fewer shunt 
failures [12,13], if necessary can be performed with the use of 
cardiopulmonary bypass, the shunt can be placed to a main 
artery if necessary, and the access to the ductus arteriosus  is 
always possible. Other disadvantages of a thoracotomy ap-
proach enumerated in the literature include chylothorax, 
chylopericardium, chylous ascites, phrenic nerve paralysis, 
Horner’s syndrome, distortion of lobar branch pulmonary 
arteries and preferential flow to one lung with unbalanced 
growth [13]. Disadvantage of the sternotomy approach does 
confront the surgeon with the challenges of a central run-off 
from the systemic artery leading to greater steal, low diastolic 
pressures, coronary malperfusion and pulmonary hyperper-
fusion. In addition, the often used truncus brachiocephalicus 
to the right pulmonary artery shunt may be at danger of being 
squashed between the dominant aorta and the superior vena 
cava, for which the parietal pericardial reflection over the su-
perior vena cava to the trachea should be divided to create 
space for the shunt. The increased adhesions at the time of 
sternal re-entry has not really been an issue [12].

While the Boston group [13] reported four times high-
er risk of shunt failures through a thoracotomy when com-
pared with a sternotomy, Shauq et al. [14] have reported 
significantly longer ventilation time, inotropic support, in-
tensive care unit (ICU) stay and hospital stay in the ster-
notomy group. These findings reflect the learning curve in-
volved with shunts created through a sternotomy [15]. 
Sachin Talwar et al. performed a research to find out the 
best evidence to answer the question: is sternotomy superi-
or to thoracotomy for mBTS?  From 58 paper studied they 
selected,  11 papers provided the best evidence. The studies 
that compared the thoracotomy and sternotomy approach-
es observed increased shunt failure rates in the thoracoto-
my group; the sternotomy approached was associated with 
advantages; like less pulmonary artery distortion , ease of 
technical performance, cosmetic advantage, ease ligation of 
the PDA, less phrenic nerve injury, less collateral formation 
in the chest wall adhesions and less thoracotomy induced 
scoliosis [15].

In case the approach was by sternotomy, there are some 
cases where the sternum must be left open , for example: if 
there were any fears about the fate of the shunt (especially 
in totally shunt-dependent pulmonary circulation) or about 
the shunt getting squeezed behind the aorta, the sternum is 
recommended  left open. It was believed that an open ster-
num lends itself to a quick response in case of an emergency 
when compared with a closed chest.

In order to select the most appropriate shunt size, the 
pediatric cardiac surgeon use as a rule thumb, a 3-mm graft 
for children around 3 kg or lower in body weight, whereas 
a 3.5-mm graft is used for children around 3.5 kg; the indi-

cation, whether palliating for a uni or biventricular heart, is 
very important to select  the size of the graft  in borderline 
weight-class children [16].

The recommendations of ligating or not the patent 
duct are: 1) if the patients have forward flow through their 
main pulmonary artery is ligate the duct, 2) in shunt-de-
pendent circulations, the patent duct is circumvented and 
almost obliterated using silastic sling and liga clips, to al-
low a quick rescue by re-establishing ductal flow in case of 
a shunt thrombosis emergency. In the end, whether or not 
to close the duct remains a strategic decision [14]. While a 
patent duct imparts significant safety in the case of a shunt 
failure, some reports have associated patent duct with shunt 
thrombosis [17]. Petrucci et al. (Society of Thoracic Sur-
geons [STS] database) have shown no association between 
closed duct and the risk of composite morbidity [18]. Clos-
ing or keeping the duct open during the MBTS procedure 
has advantages and disadvantages. Hence, it remains in the 
end, as an individual decision. 

Anticoagulation regimen is decided on a case-by-case 
basis. Therapeutic heparinization are performed in high-
risk shunt scenarios, such as shunt-dependent pulmonary 
perfusion, in cases with shunt clipping (shunt size reduc-
tion) or technical problems encountered during shunt con-
struction. Heparin infusion starting with 5–10 IU/kg/h, fol-
lowed by therapeutic dose as early as 2 h postoperatively, is 
started, if surgical bleeding was not an issue. Shunts without 
complications and considered normal risk received aspirin 
in the long term. 

Several single center reports evaluated the outcomes of 
shunt surgery, but the majority was published in an earlier 
era. These studies reported mortality ranging from 3.7% to 
14% [13,20-24]. Among these, Gold et al. reported the lowest 
mortality rate, but the patients in their series had a mean age 
of 3 months [22]. Williams et al. reported on the largest series 
of mBTS, where they analyzed 2,000 patients over a period of 
six decades in a multicenter study with an overall mortality of 
14%. However, patients who were older than a neonatal age 
were included in this report [25]. More recent publications 
analyzed the outcomes after shunt surgery and reported on 
only neonates [18,20,24].  Petrucci et al. included 1,273 pa-
tients using the multi-institutional STS Congenital Database. 
Remarkably, their data demonstrated that mBTS continues to 
be a high-risk procedure, with an overall mortality of 7.2% 
[18]. In 2014, Bove et al. reported on 150 neonates who had 
an overall hospital mortality of 8.7% after shunt surgery, with 
indications that excessive pulmonary blood flow could have 
contributed to mortality in the sternotomy group [20]. These 
findings point towards over-shunting and low body weight as 
a possible indicator of mortality in different series. An STS 
database harvest study [18] has identified preoperative ven-
tilation, pulmonary atresia and intact ventricular septum, 
univentricular hearts and weight <3kg as risk factors for mor-
tality. While Alkhulaifi et al. [24] identified weight <2 kg and 
preoperative ventilation as important risks factors. Rao et al. 
[27] identified restrictive atrial septal defect, univentricular 
physiology and postoperative intervention as risk factors for 
mortality. In the study of Keti Vitanova et al. showed that 
acute heart failure or septicemia was the predominant cause 
of death in patients who died with a shunt in situ. In these 
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patients, no pathology was found on the shunt and they iden-
tified two risk factors for shunt related mortality in neonates 
that have not been previously reported: a platelet transfusion 
and the implementation of postoperative ECMO [26]. 

Bove et al. reported that excessive pulmonary blood flow 
through shunts could contribute to mortality [20]. Dirks et 
al found that there was a trend toward increased mortality 
in patients in whom a shunt had to be decreased in size to 
reduce shunt size could be identified as a risk factor [16]. 
A great concern after shunt surgery is shunt failure because 
of thrombosis or a stenosis.  Thrombotic occlusion of a mBTS 
is a devasting event for an infant dependent on shunt for pul-
monary blood flow and can occur in the hours immediately 
after placement or before hospital discharge.  Shunt throm-
bosis is a grave complication of the mBTS procedure, 11.8% 
reported from Bristol and 13.7% reported from Boston [13]. 
Clinical predictors leading to the occurrence remain unclear. 
Tsai et al. [28] and Tamisier et al. [29] have suggested that 
young age and smaller size are significantly related to shunt 
thrombosis. Other reports have also linked weight <2 kg [24] 
and weight <3.6 kg [20] to shunt thrombosis. Gedicke et al. 
[17] have found weight <3 kg, high preoperative hemoglobin 
(>18 g/dl), postoperative transfusion of red blood cells, the 
pulmonary artery diameter, and a postoperative patent duct 
as significant factors for shunt thrombosis.

Current evidence supports the existence of an intimate 
relationship between inflammation and thrombosis [30-32]. 
The acute-phase response protein CRP is highly involved in 
inflammatory processes and possesses substantial prothrom-
botic properties [33]. In a recent article, Cholette and associ-
ates [34] identified an association between elevated preoper-
ative CRP levels and an increased postoperative thrombotic 
risk in neonates undergoing initial palliative surgery. 

At the beginning of performing mBTS  because of the 
complications  using of synthetic vascular prosthesis like 
life-threatening late infections, human vascular conduits were 
applied, obtaining a good results and functioning well up to 
six years, but after improve the synthetic vascular prosthesis, 
the saphenous vein graft was not employed for pediatric car-
diac surgeons but lately  Resham Kaur et al. conducted a ret-
rospective study of 129 consecutives patients who were palli-
ated with shunts between 2006 and 2005; 69 saphenous and 
58 PTFE conduct. There was a mortality of 12% and reported 
thrombosis in 5.2% of the saphenous modified BTS group 
and 20.6% of those with PTFE mBTS. This study showed that 
cryopreserved saphenous vein is safe alternative for mBTS 
and central shunt [35] although in 2008 Arvind Kumar and 
his teamwork reported no benefits using homograft saphe-
nous vein [36].

Although an association between an anticoagulation reg-
imen and shunt thrombosis could not be established, it does 
not be little the role of postoperative anticoagulation, partic-
ularly in high-risk patients. Al Jubair et al. [37] have shown, 
less-shunt failure occurs if heparin is given before clamping. 
An early postoperative phase with a fresh anastomosis, cou-
pled with phases of low systemic pressures, pulmonary hy-
pertension, external compression and resulting stasis, can 
initiate thrombus formation. It is these uncertainties that can 
be positively influenced by early anticoagulation. Li et al. [38] 
have demonstrated a beneficial effect of acetylsalicylic acid 

in infants palliated with a shunt, with reduced incidence of 
shunt thrombosis and death. Another prospective study has 
shown the beneficial effect of hemodilution with a significant-
ly higher shunt patency rate [39]. Rare coagulopathies, such 
as protein C deficiency [40], and primary antiphospholipid 
syndrome [41] have also been reported to cause shunt throm-
bosis. 

Late shunt obstruction has been reported as a cause up 
to 15% of out-of-hospital mortalities [18,22]. Wells et al. [42] 
have observed >50% obstruction of the MBTS in 21% of their 
patients and have identified a shunt size of <4 mm to be a risk 
factor for high- grade stenosis (>50%). 

For neonates or infants with a small pulmonary annulus 
or severe right ventricular outflow tract obstruction, an ear-
ly complete repair is the most recommended and preferred 
option  it is safe and effective, with low mortality in contrast 
with  the relatively high mortality with the BTS [16], but these 
patients in majority of the cases need a transannular patch, 
that in a future will cause  pulmonary regurgitation, leading 
to several adverse events resulting from dilatation of the right 
ventricle, biventricular dysfunction, heart failure symptoms, 
serious ventricular arrhythmia, and sudden death [43]. To 
prevent pulmonary regurgitation after primary repair pulmo-
nary annulus preservation without an incision to the annu-
lus should be considered, so mBTS could be a good choice in 
small patients and avoid the devasting problem that provoke 
pulmonary regurgitation. Although recently the timing of the 
complete correction and the repair age are not believed to af-
fect outcome, including the reintervention rate [44,45], pres-
ervation of an annulus of suitable size has been thought to be 
important in the RVOT for the prevention of PR in the long 
term after the repair [46–51]. The mBTS has advantages in 
annulus growth and annulus preservation. the BTS increased 
pulmonary annular size and left ventricular volume, such that 
approximately two thirds of patients previously thought to be 
candidates for only a transannular patch can have a pulmo-
nary valve–sparing operation, so it is necessary to research 
more about if the stage repair is a convenient strategy in neo-
nates without contraindication for complete repair. 

Central shunt 
An alternative method of delivering additional pulmo-

nary blood flow is to construct a shunt directly from the aorta 
rather than from one of its branches. If the origin of the shunt 
is from the aorta, then it is referred to as a “central shunt” 
(the term does not refer to a median sternotomy approach, 
since the shunt could be performed via sternotomy or thora-
cotomy). These shunts have the advantage of delivering high-
er flow.  Classically, central shunts were performed as direct 
anastomoses between the back of the ascending aorta and 
the right pulmonary artery (Waterson shunt) [4] or between 
the front the descending aorta and the left pulmonary artery 
(Potts shunt) [3]. These are now historical interest only.

Where a diminutive pulmonary arteries (PA) is present, 
staging procedures have been employed in an attempt to at-
tain PA growth.  These procedures include various types of 
central shunts as well as right ventricular outflow tract recon-
struction. The creation of a central shunt appears to be the 
best way to provide increased pulmonary blood flow to the 
small native central PAs in order to warrant patency, pulmo-
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nary arteries growth, and without distorting the branches. To 
create this type of shunt one can, use the direct anastomosis 
of the main pulmonary artery to the left and posterior side of 
the ascending aorta currently known like Melbourne shunt 
(Dr. Mee´s shunt) or using PTFE graft with anastomosis end 
to end or end to side  in the pulmonary artery or using a cryo-
preserved saphenous vein the ascending aorta to the most ap-
propriate pulmonary artery [51-58].

Melbourne or Dr Mee´s Shunt 
This shunt was first described by Dr Mee´s group [59] from 
Melbourne, Australia in 1991. If the Melbourne shunt is the 
only procedure to be performed, it is performed through a 
median sternotomy. A left thoracotomy is used if left-sided 
unifocalization is performed at the same time. In either case, 
cardiopulmonary bypass is not usually required. The ascend-
ing aorta and the diminutive main and branch PAs are mobi-
lized and silastic snare or soft clamps are placed around left 
and right PAs. Heparin(1mg/kg) is administrated intrave-
nously and the left side of the ascending aorta is side clamped 
as posterior as possible. A button of aortic wall is excised, and 
transected main PA is mobilized and anastomosed end to side 
to the aorta [60,61].

The advantages of the Melbourne shunt technique com-
pared with a standard systemic-to-pulmonary artery shunt 
are numerous: 1) the tissue-to-tissue anastomosis greatly re-
duces the risk of thrombosis, 2) it is less likely to result in dis-
tortion of the branch pulmonary arteries, which by definition 
are markedly diminutive at the time of this operation and 3) 
the central location of the shunt usually results in balanced 
blood flow distribution to the right and left branch pulmo-
nary arteries [60 ]. 

The performance of a Melbourne shunt has reliably pro-
vided for uniform growth and development of central pulmo-
nary arteries but in some cases can lead to congestive heart 
failure or more rare pulmonary vascular occlusive disease. 
The stenosis of the right pulmonary artery is reported in al-
most 50% of the cases, and to prevent these is very important 
to perform the anastomosis the most posterior possible in the 
ascending aorta [62]. Nevertheless, some groups found this 
technique to be unreliable [63]. 

Central shunt using PTFE
In the case of patients have confluent central branch pul-

monary arteries, performing a central PTFE shunt is recom-
mended. This prosthetic shunt will regulate flow and pressure 
and lessen the possibility of excessive pulmonary blood flow 
or a reperfusion injury to the lung, or both. 

The Laks Technique is the recommended procedure to 
construct a central shunt with PTFE. This procedure can be 
performed without the need for cardio-pulmonary bypass, 
nonetheless, it is recommended full pump standby in such sit-
uations. After median sternotomy with pericardial opening, 
the pulmonary branches are mobilized as required, the main 
pulmonary artery is mobilized sufficiently to allow the place-
ment of a C-clamp on its anterior surface and snared. A single 
5/0 suture is passed at the base of the main PA. Traction on 
this suture and the two snugger provide optimal exposure. A 
longitudinal incision is made on the main PA, created under 
the C-clamp located central and not directed towards either 

branches. Care is taken not to interfere with a patent ductus 
arteriosus and to keep the C-clamp proximal on the main pul-
monary artery so that flow from the left to right main branch-
es of the pulmonary artery can occur through the distal main 
pulmonary artery. The largest possible shunt is inserted at this 
level (based on age/weight at the time of procedure), usually 
3.0 to 3.5 mm. The extremity of the shunt does not need to be 
beveled as a transverse cut fit adequately to vessel opening. A 
slight upwards or transverse course gives the best curvature 
to the shunt. A rectangular slit incision is made on the shunt 
and a side-biting clamp is applied on the ascending aorta. The 
proximal orifice is made with a punch of 2.8 or 3.5-mm. Care 
should be taken to avoid positioning any chest drains across 
the path of the shunt [64].

Laks et al. [64] found this technical modification of the 
central shunt to be reasonably easy to construct. Its advan-
tage over the end-to-side aortic technique is that the shunt 
assumes a short and straight course from the pulmonary ar-
tery to the aorta, this modification  reduce the incidence of 
thrombosis, by reducing surface area exposure and the poten-
tial for kinking, also avoid excessive shunt flow and prevent 
congestive heart failure and is very easy to performed. Fur-
ther, the shunt is easy to take down and unlikely to be injured 
on repeated sternotomy. 

Alternative technique is used is a U-shaped central shunt 
with side to side aorto-PTFE tube graft anastomosis  in the 
anterior wall of the ascending aorta and end to end main pul-
monary artery or side to side in ascending aorta and main PA 
[65].This technique also have the same advantages than the 
Laks technique. Kim and his team [65] preferred to use the 
U-shaped tube graft when the main PA segment is sizable, to 
make an end to end anastomosis between the main PA and 
the graft and his method is very similar than the Melbourne 
group.

Both techniques have had good results with in-hospital 
mortality around 0 – 4%, demonstrated that are effective for 
rehabilitation of diminutive PAs and complete repair is possi-
ble in more than 70% of the cases.

Palliative Right Ventricle to Pulmonary Artery Connection
Another palliative procedures to increase the pulmonary 

arteries blood flow, in order to increase the size of the dimin-
utive PAs and promote pulmonary artery rehabilitation are 
the construction of a connection between the right ventricle 
and PA (RVPA) connection that allows for an increase in the 
pulmonary blood flow without pulmonary hypertension re-
storing an anterograde flow with a route for subsequent cath-
eterization and improves survival due to a lower incidence of 
obstruction or thrombosis. 

Strategically there are four techniques for surgical recon-
struction depending on anatomical configuration and sur-
geon preference, the techniques are: a) direct posterior RVPA 
autologous connection with anterior heterologous patch con-
duit, b) the pulmonary outflow tract reconstruction using the 
left atrial appendage c) transannular patch and d) connection 
using a non-valve prosthetic in case where there is no the 
main PA (PA/VSD types II and III)[66-68].

All these procedures are performed through a median 
sternotomy under normothermic cardiopulmonary bypass 
(CPB) using bicaval cannulation and left ventricle venting. 
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The heart is arrested with antegrade Custodiol or Del Nido 
cardioplegia. The proximal branch pulmonary arteries to-
gether with the bifurcation are mobilized extensively and the 
arterial duct ligated and divided if present. Right atrial and left 
atrial pressures are monitored at the end of the procedure. In 
general, the best choice is to use autologous tissue to achieve 
reconstruction of the posterior wall of the RVPA connection 
to minimize the use of heterologous materials, in particular 
prosthetic conduits, at the time of complete repair. The direct 
posterior RVPA autologous connection is preferred in cas-
es of TOF and PA type I and III, which comprised a vertical 
incision of the main PA in continuity with an infundibular 
incision of 5–8 mm, together with limited resection of right 
ventricle outflow tract (RVOT) muscle bundles. Great care is 
taken to avoid injury to the coronary arteries when opening 
the infundibulum, particularly in low birth-weight babies 
with pulmonary atresia, where the distal infundibulum is in 
close proximity to the left anterior descending artery (LAD), 
aorta and right coronary ostium. In cases with marked hypo-
plasia of the pulmonary trunk or atresia, posterior continuity 
of the RVPA connection is augmented using interrupted su-
tures to approximate the distal margin of the ventriculotomy 
with the proximal end of the pulmonary arteriotomy. The an-
terior wall is reconstructed using a glutaraldehyde autologous 
pericardium that is easier to handle with the smallest pulmo-
nary arteries or heterologous pericardial patch to avoid any 
risk of aneurysm or calcifications of the patch itself, initially 
sized at 5–6 mm (depending on the patient weight), around a 
Hegar dilator; this is subsequently adjusted off-CPB accord-
ing to systemic arterial blood oxygen saturations, distal sys-
tolic pulmonary artery pressure and magnitude of the shunt 
through the VSD if necessary. In particular, where the central 
pulmonary arteries are of adequate caliber with no significant 
peripheral stenoses, care must be taken to ensure the RVPA 
connection will be sufficiently restrictive to pulmonary blood 
flow. The size adjustment is performed by means of a fine ‘U’-
stitch or a metal clip in the anterior heterologous patch. 

The second method of reconstruction used (called ‘au-
tologous tissue reconstruction’ due to the reconstruction of 
a posterior wall made of viable autologous tissue) this is the 
choice, in cases of PA (type II or III) with no main PA trunk. 
In this method, RVPA continuity was established without any 
extracardiac conduit; the pulmonary outflow tract is recon-
structed using the left atrial appendage. After extensive mo-
bilization of the pulmonary arteries and bifurcation, the left 
appendage was sutured to the distal end of the right ventric-
ulotomy and to the pulmonary confluence that was left in its 
anatomical position. The entire posterior wall of the RVOT 
was thus made of autologous vascularized tissue. The anterior 
wall was reconstructed with a bovine pericardial patch, again 
sized at 6 mm diameter and adjusted if necessary.

The third technique for reconstruction employed are the 
transannular patch enlargement or also known like modified 
right ventricle outflow tract. This technique included median 
sternotomy, CPB, and beating heart or cardioplegic to allow 
and incision into the right outflow tract across the pulmo-
nary annulus and ligate the PDA. The RVOT reconstruction 
is completed by transannular patching, using autologous or 
bovine pericardium according to surgeon preference.

The fourth technique for reconstruction employed a 5–6-
mm polytetrafluoroethylene (PTFE) tube graft to connect the 
RV to the pulmonary bifurcation. This has been used in the 
presence of an anomalous left coronary artery crossing the 
infundibulum or if the surgeon is not familiar with the use 
of the LAA reconstructive method in case of no PA with no 
pulmonary main trunk.

The management strategy described above is adopted, for 
some pediatric cardiac surgery center based on previous stud-
ies [52,55,56,68,69], to undertake a neonatal RVPA connec-
tion in order to achieve cardiopulmonary stability, improve-
ment in O2 saturation or preservation of pulmonary blood 
flow (for ductus-dependent circulation). 

In addition, this protocol is aimed to optimize pulmonary 
artery growth and allow for MAPCAs involution, particularly 
in patients who would otherwise be considered too high risk 
for early complete repair [70-73]. Evaluation of the suitabili-
ty of this strategy has to be made by taking into account the 
potential morbidity and mortality at any given stage as well as 
the adequate growth of pulmonary arteries. One should fur-
ther aim to avoid iterative palliative surgery and should also 
consider the expected rate of successful complete repair and 
any potential need for a valved conduit.

The early mortality in these procedures is around 3.5%, 
an interstage attrition of 6.6%, and successful biventricular 
repair in 77% in series of neonates which comprised main-
ly patients with symptomatic neonatal TOF or AP/VSD. In 
comparison, Kim et al. [74] reported the outcome for initial 
modified BT shunt palliation in TOF/PA and a ductus-depen-
dent pulmonary circulation with 22% overall mortality. 

These results seem confirmed by various series analyzing 
the mortality after systemic to pulmonary artery shunt inter-
vention in neonates with miscellaneous congenital heart dis-
eases. The early mortality after systemic to pulmonary artery 
shunt was more than 8% [10, 75]. The best results with RVAP 
connection may be at least in part due to the avoidance of 
shunt physiology (diastolic run-off, impaired coronary per-
fusion and left heart volume overload). These considerations 
have some parallels with the arguments for using Sano con-
duits vs BT shunts in Norwood patients [76]. This is in spite of 
the potential advantages of the BT shunt including avoidance 
of CPB, cross-clamp and ventriculotomy, and in some centers 
the BT shunts are extremely rare nowadays at our institution.

The complications found with this strategies are: Pulmo-
nary over circulations, that can be avoid decreasing the size 
of the connection, ligate the MAPCA, and minimizing the 
infundibulotomy and muscular band resection (is probably 
another key point in improving the tolerance to possible over 
circulation in TOF patients), and  ventricular aneurysm.

PALLIATIVE PERCUTANEOUS PROCEDURES

Patent Arteriosus Duct Stent
Ductal stenting is an attractive alternative to conventional 

shunt surgery in duct dependent congenital heart disease as 
it avoids sternotomy or thoracotomy and its related problems. 
Currently, this technique has become more refined because 
of improved technology with low profile stents available in 
variable lengths and diameters, smaller delivery sheaths and a 
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whole variety of guiding wires leading to a marked improve-
ment in outcome, but still the stenting of the PDA for duc-
tal‐dependent pulmonary blood flow (PBF) can be a techni-
cally challenging procedure. The first reports of PDA stenting 
for ductal‐dependent PBF infants were published in 1992 by 
Gibss et al. [77]. The stents that were initially used for this 
procedure were hand crimped on balloons, thus necessitating 
the use of relatively bulky delivery systems and sheaths. Since 
then, a number of innovations in techniques, equipment, and 
subsequent experience of operators have all played a vital role 
in how the procedure has evolved over the recent years [78-
85]. 

In fact, in the current era, PDA stenting for ductal‐depen-
dent PBF has been found to be an acceptable alternative to 
surgical BTS in select patients. In two relatively large multi-
center studies, one reported from Glatz et al. and one from 
the United Kingdom, PDA stenting was found to be nonin-
ferior or superior to BTS placement with regards to primary 
outcomes, in addition to having a number of important other 
advantages over BTS placement [86-87]. 

Most infants with ductal‐dependent PBF rely on PGE‐1 
infusion to prevent PDA constriction prior to stenting. A de-
tailed transthoracic echocardiogram is performed to delin-
eate the aortic arch anatomy, origin, and insertion of the PDA. 
In addition, it is important to note the morphology of the 
PDA in addition to the pulmonary artery (PA) anatomy. If the 
anatomy cannot be accurately discerned with standard trans-
thoracic echocardiography, a computerized tomography (CT) 
scan may be obtained to obtain high‐resolution definition of 
the PDA and branch PAs The typical duct in cyanotic CHD is 
elongated with one or more curves and arises more proximal-
ly from the underside of the aortic arch. It often becomes con-
stricted as it inserts onto the pulmonary artery. Some ducts 
are unusually long and have a very tortuous course with one 
or more constrictions. Computerized tomography scan imag-
ing allows the operator to exclude patients from the procedure 
in whom a highly tortuous or long PDA is present which may 
not be amenable to stenting, depending on operator comfort 
and center experience. In addition, complex PA anatomy may 
be better defined with CT imaging. Transthoracic echocardi-
ography and CT scan imaging are both helpful in planning for 
the intended vascular access route, to ensure the most direct 
trajectory. If it possible the prostaglandin must be stop and 
later the size of the PDA is taken in order to select the best size 
of the stent and prevent complications.

The procedure is performed in the cardiac catheterization 
laboratory with general anesthesia and special attention be 
given to minimize hypothermia. It is imperative to have se-
cure intravenous/central venous access in case the adminis-
tration of inotropes or vasopressors; emergency medications 
or blood products are necessary. Heparin is administered to 
achieve an activated clotting time (ACT) of > 250 seconds. 
PGE‐1 infusion may be continued during the catheterization, 
but in the event that the operator elects to hold the infusion, 
PGE‐1 should be kept in the line. If there is a downward trend 
in saturations, the infusion can then quickly be reinitiated. 
Similarly, if ductal spasm is encountered during wire or cath-
eter advancement in the PDA, PGE‐1 must be reinitiated 
unless a stent is placed immediately after the ductal spasm 
occurs. The blood pressure should be optimized. 

Special attention is given to the morphology of the PDA, 
as this can influence techniques and help anticipate important 
outcomes. Unlike the Patent ductus arteriosus as an isolated 
lesion, the ductus in cyanotic heart disease has a remarkable 
morphologic variability. The ductus tends to arise more prox-
imally under the aortic arch, giving rise to a vertical ductus 
or occasionally it may arise from the subclavian artery. It also 
tends to be long and sometimes very tortuous, rendering stent 
implantation technically impossible. The ductus in these pa-
tients may also insert onto one of the branch pulmonary ar-
teries with some stenosis at the site of insertion. So, it is very 
important to know the origin of the PDA and the tortuosity 
index (relatively straight, single turn, multiple turn) and the 
origin can be classified like as originating from the descend-
ing aorta, underside of the aortic arch, innominate artery, 
subclavian artery, or ascending aorta. 

Ductal stenting may be done by the retrograde femoral 
artery route or the antegrade transvenous route depending 
on the ductus morphology and the underlying cardiac lesion. 
Vascular access is a vital part to the success of the procedure. 
It is crucial that the straightest trajectory to access the PDA is 
chosen based on preprocedural imaging. While PDAs origi-
nating from the descending aorta (and some from the head 
and neck vessels) are accessible with relative ease from a ret-
rograde femoral or umbilical arterial approach, PDAs that 
originate from the underside of the aortic arch can be chal-
lenging to access from a femoral arterial approach [88].

The umbilical vessels may mitigate the risk of vascular 
access complications if available for use. For PDAs that origi-
nate from the underside of the aortic arch (and some from the 
head/neck vessels), percutaneous axillary artery or common 
carotid artery access facilitates a direct and straight trajectory 
which allows for easier maneuverability of guidewires/stent 
systems [89-92].

It is important that there is enough constriction in the PDA 
(constriction in one focal point will suffice) to allow a stent to 
be anchored securely. Measurements of the PDA are made to 
help choose the desired stent (s) length needed. Although a 
number of factors must be considered with regards to nomi-
nal stent diameter (eg, presence or absence of antegrade flow, 
length of PDA to be stented), in general, for infants weigh-
ing > 3.0 kg, a 3.5‐4 mm diameter stent is chosen, for those 
weighing 2.0‐3.0 kg, a 3.5 mm diameter and for those < 2 kg, 
a 3mm stent is chosen for deployment. The stents typically 
used for PDA stenting are newer generation, flexible coronary 
artery stents that are available in over‐the‐wire or monorail 
(eg, “Rapid Exchange”) systems. Though primarily bare metal 
stents have been used, recently, drug eluting stents have been 
used for their potential benefits when deployed in PDAs.

 If any hemodynamic instability occurs due to ductal 
spasm, quick decision making is crucial. At times, wire with-
drawal should be performed to allow relief of ductal spasm 
if immediate stent implantation is not feasible. In other sit-
uations, quick placement of the ductal stent is necessary to 
reestablish stable PBF. However, if there is persistent hemo-
dynamic instability, the procedure may need to be abandoned 
and the patient should be referred for a surgical shunt. Rapid 
availability of veno-arterial extracorporeal membrane oxy-
genator support (ECMO) can be live saving. 

The complication most frequent encountered are vascu-
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lar‐related injury (9%), but also can occur acute thrombosis 
(2-3%), spasm of the ductal arteriosus (<1%), ductal dissec-
tion, migration of expanded stent, inability to enter the duct, 
incomplete stenting of full ductal length, and pulmonary ar-
tery branch stenosis [93]. 

The acute thrombosis is not a common complication, but 
it is very serious and life threatening. It presents in a dramatic 
fashion and requires immediate action. Angiography typical-
ly reveals thrombus occluding stent completely or partially. If 
the guidewire is still across the ductus, a small balloon (2.5-3 
mm) may be passed into the stent and inflated several times, 
advancing the balloon forward towards the pulmonary artery 
each time. The purpose of this maneuver is to mechanically 
break up the thrombus. Thrombolytic therapy with strepto-
kinase or recombinant tissue plasminogen activator is also 
recommended at the same time and maintained for at least 24 h. 
However, there is a real risk of bleeding complications with 
thrombolytic therapy, especially if a surgical shunt is required 
when adequate oxygenation cannot be maintained. Acute 
thrombosis occurs fairly soon after stent expansion; it is thus 
advisable that the wire be kept across the ductus for about 15 
min before terminating a successful procedure. Acute throm-
bosis occurs even in those patients who are adequately hep-
arinized during the procedure, because of, heparin’s action is 
dependent on anti‐thrombin III, which may be deficient in 
neonates. Attention to maintenance of adequate ACTs and 
administration of heparin for a period of time after the pro-
cedure may be necessary. It is not known if giving antiplatelet 
agents the day before the procedure would reduce this com-
plication, but it may be worthwhile extrapolating this adult 
coronary intervention practice to neonatal ductal stenting. 
If ductal stenting gains wider acceptance, this is an area that 
merits investigation. 

Spasm of the ductal arteriosus tends to occur with manip-
ulation of guidewire and placement across the ductus. This 
is manifested by sudden deterioration in oxygenation as one 
is preparing the balloon-stent. If the guidewire is well po-
sitioned, it is a matter of rapidly going through the steps of 
stent implantation. However, if this occurs only at the stage of 
guidewire manipulation into the ductus, it is best to remove 
the wire and re-start the PGE1 infusion, recommencing the 
procedure after a period of stabilization. If the problem re-
curs, it is best to abandon the procedure and send the patient 
to surgery. Given its very low occurrence, it is not possible to 
predict which patient is likely to develop this complication. 
It is advisable to have the PGE1 infusion on standby in the 
catheterization laboratory. 

Stent migration or malposition is not a life-threatening 
complication, but nonetheless serious as the patient needs to 
go to surgery semi-electively for stent removal and construc-
tion of a BT shunt. This is likely to occur if the pulmonary 
end of the ductus is not sufficiently constricted (>2.5 mm). If 
the ductal size is large is recommended not to proceed with 
catheterization and leave the patient without PGE1 infusion 
for a longer period if the patient is only mildly cyanosed and 
has evidence of significantly large ductal flow clinically and 
on echocardiography. Once an expanded stent has migrated 
to the pulmonary artery, it is not possible to remove it except 
surgically. With adequate allowance for ductal constriction 
by keeping patient off PGE‐1, the chances of this complica-

tion are reduced. Nevertheless, if the ductus arteriosus is not 
adequately constricted at the time of stent implant, the stent 
can potentially migrate forward (or backward during balloon 
withdrawal). If the stent cannot be repositioned in the cardiac 
catheterization laboratory, it can be left in place (jailing of a 
branch PA or systemic arterial branch is usually not flow lim-
iting) and dealt with at the time of subsequent surgical repair/ 
palliation. Rarely, the stent may need to be acutely retrieved 
in the operating room with concomitant placement of a BTS. 

Pulmonary artery branch stenosis could be provoked sec-
ondary to the intense neointimal proliferation and fibrosis in 
ductal tissues that extends into the media of the PA wall. It 
tends to accelerate pre-existing PA branch stenosis, requiring 
a salvage shunt [85,87,94]. This is especially true for patients 
with PA/VSD with tendency for ductal insertion into the 
proximal left pulmonary artery [84]. 

Patients are monitored in the hospital for at least 24 hours 
after the procedures with follow up chest radiographs and 
echocardiograms. Patients are started on aspirin 3‐5 mg/kg/
day and heparin is administered if there are any concerns of 
decreased pulses, occlusion of the access vessel/s or occur-
rence of stent thrombosis during the procedure. A decrease 
in oxygen saturations in follow‐up should prompt a repeat 
cardiac catheterization for interrogation/dilation/restenting 
of the PDA or surgical repair/palliation if an appropriate time 
has been reached. 

The durability of palliation by ductal stent is generally less 
compared to that from a surgical shunt (see below); hence, 
close follow-up and definitive surgery within 6-18 months are 
advocated [84,85,94-101]. The PA growth is good and in the 
majority of cases the stents are easily removed, with very few 
patients requiring reconstruction for PA distortion.

According to the 2011 AHA guidelines [102], PDA stent-
ing with sole supply PBF is a Class II b indication (level of 
evidence: C). Similarly, the presence of branch pulmonary 
artery stenosis is currently listed as a Class III indication for 
PDA stenting (level of evidence: C). However, some groups, 
have stented in cases where a significant proximal branch PA 
stenosis is present (using techniques of intentional jailing of 
a branch PA and dilation/stenting through stent side cells). 
Partial or complete jailing of a branch PA (with or without 
preexisting branch PA stenosis) was noted in 22% of patients 
in our experience, more often with higher degrees of tortu-
osity [103]. This was also associated with greater planned/
unplanned reintervention rates and PA plasty. However, in 
the long term, there does not appear to be any significant dif-
ference in branch PA size and symmetry whether a branch 
PA is jailed or not. It is important to note that though these 
above situations may not be an absolute contraindication to 
PDA stenting in all patients, they must be approached with 
caution and based on each individual center’s experience. As 
with any other complex interventional procedure in a neo-
nate, ductal stenting requires a high degree of technical skill, 
expert pediatric cardiac anesthesiology support, and ready 
access to surgical backup and ECMO support. The learning 
curve associated with PDA stenting has been demonstrated 
by Santoro et al [79,82,83]. With more expertise being accu-
mulated in the recent years and the increase in the volume of 
cases, we should expect to see more widespread adoption of 
initial palliation with PDA stenting, even in highly tortuous 
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PDAs with challenging anatomy. 
Techniques of ductal stenting for infants with ductal‐de-

pendent PBF have evolved rapidly over the last decade. Atten-
tion to anatomic and technical details optimizes the success 
of the procedure. The morphological classification scheme 
is helpful in anticipating acute and long-term outcomes of 
the procedure. It is likely that we will see further refinement 
of imaging, procedural techniques, and equipment used for 
PDA stenting in the ensuing years. 

BTS vs PDA stent
In 1992, stenting of the patent ductus arteriosus (PDA) 

was de- scribed as an alternative to BTS placement to provide 
PBF, and the use of this technique has expanded considerably 
since that time. PDA stent has the advantages of being less in-
vasive, thereby avoiding a median sternotomy or lateral tho-
racotomy, potentially avoiding exposure to cardiopulmonary 
bypass, and potentially allowing for more symmetric growth 
of the pulmonary arteries [82,83,104].

The previously touted potential disadvantages of PDA 
stenting include procedural complications unique to this 
procedure (primarily vascular access related, see above), con-
cerns regarding stent longevity, and potential problems relat-
ed to the ductal stent during subsequent surgical procedures 
[105,106].

There are few medical papers that directly compare the 
BTS vs PDA stent, and the majority just represent the single 
center experience where is included a small cases series and 
only give emphasis at specific lesions. 

A 2009 study by Santoro et al. [107] looked at pulmonary 
artery growth following palliation with a PDA stent com-
pared to a BTS at a single center between 2003 and 2009. The 
size of each group was small with 13 patients in the PDA stent 
group, and 14 patients in the BTS group. Both groups expe-
rienced significant growth of the pulmonary arteries as mea-
sured by the Nakata index and McGoon ratio, with no differ-
ence between the groups in terms of overall pulmonary artery 
growth. The PDA stent group did, however, promote more 
symmetric growth of the pulmonary arteries as measured by 
left pulmonary artery/right pulmonary artery diameter ratio. 

A 2013 study by Amozgar et al. [100], compared the safe-
ty, efficacy, complications, and short-term outcomes of neo-
nates who underwent PDA stenting to those who underwent 
surgical shunt (primarily BTS) from 2009 to 2011. They in-
clude in this study 18 patients in the PDA stent group, and 20 
patients from a different center in the surgical shunt group. A 
PDA stent was successful in 15 of the 18 patients. This study 
showed no difference in pre- or post-procedure oxygen sat-
urations, left pulmonary artery diameter, McGoon ratio, or 
Nakata index, but did show a larger right pulmonary artery 
diameter in the PDA stent group. The PDA stent cohort was 
also demonstrated to have a shorter mean hospital LOS com-
pared to the surgical shunt cohort. 

McMullan et al. [108] in a study realized in 2014, evaluat-
ed the safety and the durability of a PDA stent as an alternative 
to a BTS from 2002 to 2011 at a single center. The numbers 
in the PDA stent group were 13 patients, with a slightly larger 
BTS group (42 patients). There was no difference in surviv-
al difference, in time to second stage palliation or definitive 
repair, in postprocedural systemic oxygen saturation, in the 

number of interval reinterventions to maintain adequate PBF, 
and no significant difference in the time to reintervention in 
those that did undergo reinterventions, between the PDA 
stent and the BTS groups.

Another research made by Mallula et al. [109] compared 
the PDA stent to the surgical shunt in patients with pulmo-
nary atresia with intact ventricular septum from 2006 to 2013. 
There were 13 patients who underwent PDA stent and 16 pa-
tients who underwent surgical shunt placement (10 central 
and 6 modified BTS). The baseline characteristics were simi-
lar between the 2 groups except for the PDA stent group being 
larger at the time of intervention. The PDA stent group had a 
shorter duration of mechanical ventilation, and lower median 
hospital lengths of stay. Acute complications and acute rein-
terventions were more common in the surgical shunt group; 
however, postdischarge reinterventions were more common 
in the PDA stent group, along with a shorter time to reinter-
vention. 

Although valuable, these four studies all have important 
bias and limitations due to their single center nature, small 
cohort sizes, and nonrandomized assignment to treatment 
strategies that could create confusion at the time to choose 
the best treatment for an individual case. 

A multicenter large retrospective review of patients from 
four centers that comprise the Congenital Catheterization 
Research Collaboration from 2012 to 2015 made by Glatz et 
al. in 2018 [86], compared the outcomes between the BTS 
and the PDA stent when used as palliation for infants with 
ductal-dependent PBF. The primary outcome of this study 
was a composite of death or unplanned reintervention for 
cyanosis. The secondary outcomes included the individual 
components of the primary outcome, other reinterventions, 
intensive care unit (ICU) and hospital lengths of stay, di-
uretic use at hospital discharge, procedural complications, 
and pulmonary artery size at last follow-up prior to defin-
itive surgical repair. This study includes 106 patients in the 
PDA stent group and 251 patients in the BTS group. There 
were differences in treatment strategies across centers, and 
some differences in patient-level factors. The PDA stent 
group included a larger number of PA/IVS (44%) patients, 
while the BTS group included more patients with pulmo-
nary atresia in the setting of ventricular septal defect (39%). 
There were more patients with expected 2-ventricle physiol-
ogy (60%) and antegrade PBF (61%) in the PDA stent group. 
There were no differences in gestational age, birth weight, 
genetic syndromes, or other comorbid conditions between 
the groups. There was no difference in pre-intervention ven-
tricular function or atrioventricular valve regurgitation by 
echocardiography between the groups. The unadjusted anal-
ysis favored the PDA stent group with regard to the primary 
composite outcome of death or unplanned reintervention 
for cyanosis. There was less use of diuretics at discharge and 
shorter total hospital and intensive care unit lengths stay in 
the PDA stent group. The PDA stent group had larger and 
more symmetrical pulmonary arteries at later follow-up. 
The BTS group was favored in terms of other reinterventions 
(planned reinterventions or unplanned reinterventions to 
treat issues other than cyanosis), which occurred more fre-
quently in the PDA stent cohort. Other outcomes examined 
in the unadjusted analysis showed a difference in the type 
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of definitive surgical repair with more patients in the BTS 
group undergoing a superior cavo-pulmonary connection. 
The PDA stent group was older at the time of subsequent 
repair with a longer time interval between initial pallia-
tion and the definitive repair, contradicting the prevailing 
assumption that PDA stenting is less durable than surgical 
shunt. 

There was no difference in the need for pulmonary ar-
tery plasty at the time of definitive surgical repair, or in the 
rate of subsequent surgical or transcatheter pulmonary ar-
tery intervention. 

Another large multicenter study is a 2018 United King-
dom (U.K.) study published by Bentham et al. [87]. This 
study included patients identified from the National Con-
genital Heart Disease Audit from 9 U.K. centers, < 30 days 
of age with ductal-dependent PBF from January 1, 2012 to 
December 31, 2015. The primary outcome was survival to 
next stage surgery (either palliation or repair). The second-
ary outcomes were survival to 30 days, to discharge, and to 
1 year, and need for postprocedural extracorporeal mem-
brane oxygenation (ECMO). There were 83 patients in the 
PDA stent group, and 171 patients in the BTS group. PDA 
stenting was successful in 70 of the 83 patients. There were 
no baseline differences between the groups in terms of age, 
weight, diagnosis, or comorbidities. The unadjusted analy-
sis in this study showed the BTS group was intubated more 
commonly postprocedure, and had longer stay in the hospi-
tal and ICU, had longer mechanical ventilation, had lower 
oxygen saturation post-procedure, and had higher hemo-
globin. There were more reinterventions before repair in the 
PDA stent group. 

Despite, the inherent limitation to the existing body of lit-
erature notwithstanding, we can conclude that, although the 
BTS will continue to be an essential tool in the care of patients 
with ductal-dependent PBF, the use of a PDA stent appears 
to be an acceptable alternative palliative strategy in select 
patients, though prospective evaluation and longer term fol-
low-up are necessary. 

Right Ventricular Outflow Tract Stent
Stent implantation to the RVOT is other alternative treat-

ment to surgically placed systemic-to-pulmonary shunt or 
stenting of ductus arteriosus, especially in patients with se-
vere under development of pulmonary arteries. RVOT stent-
ing was initially described by Gibbs et al. [110]; however, a 
larger, more contemporary series of 52 patients reported by 
Stumper et al. [111] demonstrated excellent outcomes. The 
authors concluded that RVOT stenting is a viable first-line 
treatment option for selected patients with severe RVOT ob-
struction as an alternative to systemic-to-pulmonary artery 
shunting procedures and for whom early complete repair car-
ries significant additional risk or complexity. 

Stenting of the RVOT secures the physiological direc-
tion of pulsating blood flow and enables symmetric growth 
of both branch arteries and the main pulmonary artery. This 
approach is more commonly utilized in patients with reste-
nosis after surgical reconstruction of the RVOT [112-114]. It 
can also be performed as an additional treatment in unstable 
patients with hypoplastic pulmonary arteries, despite a sur-
gically placed systemic-to-pulmonary shunt to augment pul-

monary blood flow, increase oxygen saturation, and stabilize 
the patient's general condition [115].

The decision to indicate RVOT stenting is mainly based on 
severe associated comorbidities, which are thought to be nega-
tively affected by mBTS hemodynamics (e.g., pre-palliative gut  
and brain pathologies, prematurity) or where the surgical inter-
vention with potential necessity for cardiopulmonary bypass was 
thought to be high risk patient. Centers with excellent outcomes 
for early infant repair have identified low weight, severe cyanosis, 
pulmonary atresia rather than stenosis, hypoplastic pulmonary 
arteries, and noncardiac comorbidities as risk factors for higher 
mortality and reintervention. Risk factors for primary repair lie 
on a continuum with no sharp decision boundaries defined with 
respect to management. Because the experience in some center 
have increased and are getting very good outcome they prefer 
palliate with RVOT to patients with duct-dependent pulmonary 
blood flow, complex anatomy, and hypoplastic PAs are preferably 
palliated with RVOT stenting [115].

The RVOT stenting procedure is performed under general 
anesthesia and mechanical ventilation. Right femoral venous ac-
cess is the preferred approach in children weighing more than 
2.5 kg. In smaller children, a right internal jugular approach is 
frequently chosen. The patients received 50 IU heparin/kg and 
standard antibiotic prophylaxis. Selection of the size and the type 
of stent to be implanted is guided by the size of the patient, the 
dimension of the outflow tract, and the anticipated length of pal-
liation. In small children in whom only short term (3–6 months) 
palliation is required, preference is to use a coronary stent; in 
larger patients, or in those with required medium to longer-term 
palliation, a bare metal peripheral vascular stent is selected. It is 
crucial in this type of intervention to place the stent below valve 
leaflets in order not to hinder its movement and induce insuf-
ficiency. Appropriate stent length and meticulous positioning 
are of outmost importance. If a stent is chosen with too small a 
diameter, there is the risk of stent instability and embolization, 
especially during balloon withdrawal. This risk can be reduced 
with placement of a long introducing sheath into the right ven-
tricle outflow tract. Patent ductus arteriosus provides continuous 
pulmonary blood flow during stent introduction and balloon in-
flation and therefore gives more time for proper stent positioning 
without causing desaturation and bradycardia [116,117].

In patients ≤ 2 kg, the percutaneous method may cause he-
modynamic instability secondary to the pass of the stiff coronary 
wire across the tricuspid valve and on order to avoid this com-
plication Niall Linnane et al. are using a hybrid procedure that 
consist in a small suphxiphoid incision. A 5-F sheath is placed 
through the anterior surface of the right ventricle. Following 
sheath angiography is placed in the distal right pulmonary artery 
and subsequently the stent (s) is placed [118].

The reported complications rate of RVOT stenting is about 
7% [111]. Potential problems include RVOT or pulmonary ar-
teries rupture, stent embolization to pulmonary artery or aor-
ta, stent fracture/compression and in-growth stenosis. Howev-
er, stenting the RVOT as palliation leaves a virgin field for the 
surgeon during repair and does not have the failure rate of a BT 
shunt which is around 8%. The eventual repair takes slightly 
longer but with no clinical implications. 

The reported mortality in infant more than 2.5 kg is 
around 1-2%, the oxygen saturation increased from a median 
of 70 (51-83%) to 93 (81-100%), post procedure time ven-
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