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A b s t r a c t

This case describes a successful percutaneous stent implantation to critical stenosis of the right ventricle outflow tract in a fe-
male neonate with tetralogy of Fallot. At the time of the procedure she had poor development of the pulmonary arteries (McGoon 
and Nakata index 1.45 and 120, respectively). Stent implantation ensured an immediate increase in oxygen saturation level, and the 
physiological pulsating blood inflow caused good development of the pulmonary arteries during 12 months of follow up (McGoon 
2.5; Nacata Index 436). After this time she was qualified for surgery and underwent surgical correction without using a patch or 
conduit implantation.
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Introduction
Tetralogy of Fallot (ToF) comprises diverse anatomical 

variants that manifest with different clinical courses and 
haemodynamic conditions. The degree of right ventricle 
outflow tract (RVOT) obstruction and stenosis of pulmo-
nary arteries determine the severity of cyanosis. Forms 
with fully developed pulmonary arteries are less common, 
and various degrees of underdevelopment of pulmonary 
vessels are usually present. An example of the latter group 
is critical stenosis of RVOT with hypoplasia of pulmonary 
arteries. In this setting, percutaneous RVOT stenting could 
serve as an alternative treatment to surgically placed sys-
temic-to-pulmonary artery shunt or ductal stenting [1, 2]. 

We report on interventional treatment of a 7-day-old 
infant, who underwent stent implantation to the RVOT 
and surgical correction 1 year later.

Case report
A  female baby was born at 40 weeks of gestation 

and with 3200 g of birth weight. The patient received 
continuous prostaglandin infusion and was stabilised 
with oxygen saturation approaching 80%. Echocardio-
gram revealed enlargement of the right ventricle, large 
ventricular septal defect (8.4 mm), dextroposition of the 

aorta (50%), and severe RVOT with predominant subval-
vular stenosis (PG 70 mm Hg). Pulmonary blood flow was 
secured manly by wide ductus arteriosus. Additionally, 
micropthalmos was suspected, and corneal opacity and 
22q11.2 microdeletion were diagnosed. The patient was 
qualified for right heart catheterisation with the inten-
tion of implanting a stent into the RVOT. 

On the 7th day of life, under general anaesthesia with 
standard antibiotic prophylaxis, the femoral vein was 
punctured and one dose of heparin (100 IU/kg) was ad-
ministered. Subsequently, a 4 Fr NIH catheter (Cook) was 
introduced into the right ventricle. Angiogram showed 
severe RVOT obstruction and narrow main pulmonary 
artery (5 mm) with stenosis at the subvalvular and val-
vular level and pulmonary arteries of 4.8 mm in diameter 
(Figure 1). It corresponded to McGoon and Nakata index 
1.45 and 120, respectively. Wide ductus arteriosus sup-
porting pulmonary blood was also noticed. After place-
ment of a soft coronary guidewire 0.014 inch (0.356 mm) 
(Terumo) in the right pulmonary artery, pulmonary val-
vuloplasty was performed with a  Tyshak II 6 × 20 mm 
balloon (NuMed). The original guidewire was replaced 
with a  Teflon-coated 0.032 inch (0.812 mm) guidewire 
(Cordis), and a Palmaz-Genesis 7 × 18 mm stent (Cordis) 
was implanted below the pulmonary valve (Figure 2). 
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Figure 1. Angiography before procedure; catheter 
is placed in the right ventricle (RV). Critical ste-
nosis of the right ventricle outflow tract (RVOT), 
arrow shows the site of future stent implantation 
– subvalvular stenosis

Figure 2. Staged stent implantation into the critical RVOT stenosis in fluoroscopy. A – Early phase of balloon infla-
tion and Palmaz-Genesis 7 × 18 mm stent (Cordis) expansion. B – Late phase of balloon inflation with only local 
incision in balloon shape – the site of main stenosis of the RVOT. C – Fully expanded Palmaz-Genesis 7 × 18 mm 
stent with the inflated balloon inside. D – Stent after implantation procedure
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Control rotational angiography from the right ventricle 
showed correct stent localisation with a minimal diam-
eter of 6.8 mm and unobstructed blood flow (Figure 3). 
While oxygen saturation increased to 95%, prostaglandin 
infusion was stopped. For the next 3 days the patient 
received low molecular heparin once daily followed by 
acetylic acid (3 mg/kg). Control echocardiographic study 
showed turbulent flow through the RVOT with a maximal 
velocity of 3.6 m/s. Leaflets of the pulmonary valve were 
mobile, and mild insufficiency was noted as well. After  
10 days of hospitalisation the patient was discharged 
home with oxygen saturations approaching 90%. 

During follow-up the baby slowly gained weight, pre-
sumably due to genetic syndrome, with stable oxygen 
saturations remaining in the mid-80s. Micropthalmos 
was ruled out, and corneal opacity subsided gradually. 
In consecutive control echocardiography, maximal flow 
through the stent of up to 4 m/s was noticed. In the 12th 
month of life angio-computed tomography (CT) was per-
formed to visualise pulmonary vessels prior to planned 
corrective surgery. The main pulmonary artery (15 mm) 
and both pulmonary arteries (10 mm each) were well 
developed, corresponding to satisfactory indices of pul-
monary vessel growth (Mc Goon 2.5; Nacata Index 436). 
Under cardiopulmonary bypass the stent was excised 

and the right ventricle outflow tract was reconstruct-
ed without using a  patch or conduit implantation. The 
post-operative course was uneventful, and the patient 
was discharged home after 14 days.
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Figure 3. Angiography from the right ventricle 
shows unobstructed blood flow through RVOT, the 
pulmonary artery, and its main branches

Discussion
Both surgical and interventional treatment can be 

successfully applied for treatment of ToF with critical ste-
nosis of the RVOT [3–5]. Stent implantation to the RVOT 
could be an alternative treatment to surgically placed sys-
temic-to-pulmonary shunt or stenting of ductus arterio-
sus, especially in patients with severe under development 
of pulmonary arteries. Surgical systemic-to-pulmonary 
shunt in this group caries a high risk of thrombosis or dis-
tal pulmonary stenosis, and hence there is a need for rein-
tervention [6, 7]. A further disadvantage of surgical shunt 
is the possibility of asymmetric growth of pulmonary ar-
teries, which can also be an issue after ductal stenting if 
the duct takes off more distally from a pulmonary branch.

Stenting of the RVOT secures the physiological di-
rection of pulsating blood flow and enables symmetric 
growth of both branch arteries and the main pulmonary 
artery. This approach is more commonly utilised in pa-
tients with restenosis after surgical reconstruction of the 
RVOT [8–10]. It can also be performed as an additional 
treatment in unstable patients with hypoplastic pulmo-
nary arteries, despite a surgically placed systemic-to-pul-
monary shunt to augment pulmonary blood flow, in-
crease oxygen saturation, and stabilise the patient’s 
general condition [9].

It is crucial in this type of intervention to place the 
stent below valve leaflets in order not to hinder its move-
ment and induce insufficiency. 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 embolisation, especially 
during balloon withdrawal. This risk can be reduced with 
placement of a  long introducing sheath into the right 
ventricle outflow tract. Patent ductus arteriosus provides 
continuous pulmonary blood flow during stent introduc-
tion and balloon inflation and therefore gives more time 

for proper stent positioning without causing desatura-
tion and bradycardia [1, 2].

Restenosis within the stent, stent fracture, or insuffi-
cient blood flow due to patent growth can complicate the 
clinical course. In the presented patient repeated echo-
cardiographic studies showed a gradual increase in the 
maximal velocity through the stent, up to 4 m/s, with 
oxygen saturations slowly declining to 80%. In echo- and 
angio-CT no stent fragmentation was noticed, which was 
confirmed during surgical excision of the stent.

Stenting of the RVOT in patients with ToF and critical 
subpulmonary stenosis has been reported previously [1, 
2]. However, in most cases the time interval between the 
percutaneous intervention and the surgery was short-
er. In the presented patient corrective surgery was per-
formed after 12 months, which was related to gradual 
weight gain, concomitant anomalies (genetic syndrome, 
corneal opacity) with stabile and acceptable oxygen sat-
urations (above 80%).

Conclusions
Early neonatal stenting of the right ventricle outflow 

tract allowed for augmentation of pulmonary blood flow 
in a physiological direction with correct pulsating inflow 
resulting in an immediate increase in oxygen saturations 
and patient stabilisation. During follow-up, such inter-
vention results in symmetric growth of pulmonary arter-
ies and creates better conditions for surgical correction.
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