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ABSTRACT 
 

Right ventricular outflow tract (RVOT) dysfunction requiring pulmonary valve reconstruction 
following the surgical repair of Tetralogy of Fallot (ToF) is common. It remains a challenge in the 
pediatric population due to the small size of the pulmonary valve annulus, especially when the 
pulmonary valve is still growing in size. The use of monocusp valves and xenograft valved conduits 
tend to have long-term functional limitations arise over time, leading to early valve re-reconstruction 
or re-replacement. Studies reported the use of the Ozaki technique to reconstruct the pulmonary 
valve to overcome this problem. However, our centre did not have access to the equipments 
needed for the Ozaki procedure. We had an 8-year-old with ToF who was scheduled for total 
correction of ToF. However, after exposing the RVOT, we found that the pulmonary valves have 
fused and retracted bicuspid leaflets. We decided to reconstruct the pulmonary valve using a single 
strip of autologous pericardium. Postoperative transesophageal echocardiography showed mild 
pulmonary stenosis with a gradient of 33 mmHg without pulmonary regurgitation, as well as good 
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neo pulmonary leaflet motion and coaptation. The patient was discharged without any 
complications. With this technique, we can create three equal-sized leaflets without the need of any 
special equipment and still achieve physiological valve hemodynamics while being more economic, 
easily reproducible, and much simpler to shorten bypass time. If required, the procedure can also 
be done together with a trans-annular patch in the correction of ToF. 
 

 
Keywords: Pulmonary valve reconstruction; single strip pericardium; tetralogy of fallot. 
 

1. INTRODUCTION 
 
Tetralogy of Fallot, a type of cyanotic congenital 
heart defect, is characterised by an overriding 
aorta, a ventricular septal defect, right ventricular 
outflow tract obstruction, and right ventricular 
hypertrophy. These features cause 
deoxygenated blood to be diverted to the 
systemic circulation and cause cyanosis and 
hypoxemia. If not corrected, it may cause poor 
exercise tolerance, failure to thrive, recurrent 
respiratory tract infections, and heart failure [1]. 
To date, there has yet to be a standardized 
method for pulmonary valve reconstruction. 
Popular methods include the use of xenograft 
valved conduits or monocusp valves. However, 
despite a range of options available for 
pulmonary valve replacement, progressive 
functional limitations caused by those valves lead 
to a further replacement in the future. The use of 
valved conduits lead to frequent re-operations 
due to the change in the diameter of the valve’s 
annulus as the pediatric patient grows in size [2], 
not to mention it is expensive and subjects the 
patient to lifetime use of anticoagulants [3,4]. On 
the other hand, although monocusp valves 
prevent immediate pulmonary insufficiency [5], 
with time, monocusp valves tend to lead to right 
ventricular overload due the unnatural form of the 
single valve and its inability to withstand the 
backflow of blood in the main pulmonary artery 
[6]. Therefore, both these methods have limited 
competence in the long term and are also not 
broadly reproducible. To overcome this problem, 
surgeons have considered the use of autologous 
pericardium to reconstruct the pulmonary valve 
similar to a native pulmonary valve as they 
provide good hemodynamics and long-term 
durability [7]. 
 
In a study done by Ozaki, aortic valve 
neocuspidization using autologous pericardium 
was proven to be a safe, inexpensive, 
reproducible and effective alternative for aortic 
valve replacement in adults [8]. A study by Baird 
et al. showed acceptable early results and 
demonstrated aortic annular growth in the 
pediatric population [9]. However, a specific 

sizing device is required to measure the size of 
the leaflets, in which our center do not have 
access to. Thus, we report a case where a single 
strip of the pericardium was used to create a 
three-leaflet pulmonary valve without the need to 
measure individual leaflets but still formed a 
physiological valve, a suitable and applicable 
technique for developing countries with limited 
medical facilities and equipment. 
 

2. CLINICAL CASE 
 
An 8-year-old boy was referred to our hospital 
with progressive limitation of daily activities with 
signs of episodic central cyanosis but no 
complaints of dyspnea. On physical examination, 
a grade 2 pansystolic murmur was heard in the 
apex. Clubbing fingers were also found during 
examination. A chest X-ray revealed a “boot-
shaped” appearance, with an upturned apex and 
a concave pulmonary segment. An 
echocardiogram performed a week before the 
surgery showed an overriding aorta (>50%), 
severe infundibular pulmonary stenosis, left 
aortic arch, and single coronary artery, with no 
atrial septal defect nor any coarctation of the 
aorta. Cardiac catheterization prior to surgery 
showed the presence of the innominate vein, 
infundibular pulmonary stenosis, and a confluent 
pulmonary artery (PA). The diameters of the right 
pulmonary artery and the left pulmonary artery 
are 8.44 mm and 9.36 mm respectively, with a 
half size of 9.00 mm. Cardiac catheterization also 
showed a single, large malaligned ventricular 
septal defect (VSD) with an overriding aorta 
(50%), good left ventricular (LV) volume and a 
single coronary ostium, the absence of a patent 
ductus arteriosus (PDA), minimal collateral 
arteries, and a left aortic arch with the 
descending aorta being 8.07 mm in diameter. 
The McGoon ratio is 2.21, while the Nakata index 
is 208. The patient was planned for total 
correction of ToF. 
 

3. SURGICAL TECHNIQUE  
 
A median sternotomy was performed. A portion 
of the anterior pericardium was harvested 
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according to the necessary size. The excised 
pericardium is then immersed in 0.6% 
glutaraldehyde solution for 10 minutes. The 
treated pericardium is then rinsed and soaked in 
saline 3 times for 5 minutes. After establishing 
cardiopulmonary bypass and cardioplegic arrest, 
the right atrium is incised and left ventricular 
venting was performed through the patent 
foramen ovale (PFO). Afterwards, the pulmonary 
artery is incised and the RVOT is exposed to the 
resect the RVOT tissue to relieve the stenosis. 
However, we found that the pulmonary valves 
have fused and retracted bicuspid leaflets. Thus, 
we decided to reconstruct the pulmonary valve. 
The pulmonary leaflets were carefully cut out 
with scissors and a scalpel as not to damage the 
annulus. The annulus of the pulmonary valve 
was then measured with a hegar dilator 
according to the patient's body weight (Fig. 1). 
The diameter of the RVOT annulus and the 
height of the pulmonary commissure are 
measured. These measurements would be used 
to measure the length and width of the 
pericardium respectively to obtain a rectangular-
shaped pericardium (Fig. 2). The two ends of the 
pericardium would then be joined to form a 
cylindrical tube, which is then adjusted to the 
pulmonary valve annulus. Excess pericardium 
was trimmed off and the upper edge of the 
pericardium was sewn with 5-0 polypropylene 

suture to the pulmonary annulus and 
transannular pericardial patch, in a way that the 
pericardium tube leads towards the right ventricle 
(Fig. 3). Then, the pericardial tube was inverted 
upwards so that the inside of the pericardial tube 
is now outside (Fig. 4). The lowest point of the 
pericardium was sutured with 5-0 polypropylene 
suture to the lowest point of the commissures, in 
reference to the three previous commissure 
points, suturing upward towards the end of the 
commissure in which the direction of the neo-
commissure sutures were perpendicular to the 
annulus. After that, sutures made along the 
commissure is fixated with a pledget, where two 
sides were fixated to the annulus and one was 
fixated to the RVOT roof made from the 
transannular patch (Fig. 5). Avalve competency 
test was carried out using saline liquid with the 
result as shown in (Fig. 6). The time taken for 
cardiopulmonary bypass as well as aortic cross 
clamp time was 149 minutes and 56 minutes 
respectively. Immediate postoperative 
transesophageal echocardiography evaluation 
revealed a PFO, a left-to-right shunt, no residual 
VSD, mild pulmonary stenosis (gradient is 33 
mmHg) without pulmonary regurgitation, as well 
as good neo pulmonary leaflet motion and 
coaptation. The patient was discharged after 8 
days without any complications. 

 

 
 

Fig. 1. Measurement of RVOT diameter using a Hegar dilator 
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Fig. 2.  A Rectangular-shaped pericardium was obtained with the circumference of the 
pulmonary annulus as the length and height of the commissure as the width 

 

 
 

Fig. 3. The upper edge of the pericardium was sewn to the pulmonary annulus 
 

4. DISCUSSION  
 
RVOT dysfunction such as pulmonary 
regurgitation and pulmonary stenosis requiring 
pulmonary valve reconstruction is common and 
remains challenging in the pediatric population 
following surgical repair of ToF. Monocuspid 

valves implantations carry a risk of endocarditis 
and the risk of pulmonary regurgitation as the 
pulmonary annulus continues to grow [7]. On the 
other hand, xenograft valved conduits are not 
readily available in some countries, are prone to 
stenosis and lacks growth potential [10]. 
Reconstruction of the pulmonary valve using 
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bovine pericardium has shown good outcomes 
but is more expensive, not readily available, and 
comes with a risk of infection [11]. Therefore, in 
this regard, the use of autologous pericardium is 
the better choice. 

 
The aortic valve neocuspidization (AVNeo) or 
Ozaki procedure is technically reproducible and 
have acceptable results for both aortic and 
pulmonary valves in adult and pediatric patients 
[9,12]. The Ozaki procedure needs special 
equipments, which include the AVNeo template 
and sizing device. However, these equipments 
are not readily available in our center. A single 
strip of the pericardium as an alternative 
procedure can be done more simply as we can 

create three equal-sized leaflets to optimize 
coaptation height and distribute tension equally 
throughout the valve using an old commissure 
point, without the need of any special equipment. 
Thus, the method of using a single strip of the 
pericardium is more favorable as the overall 
procedure does not require any specific devices 
and is much simpler, thus shortening surgical 
bypass time. This technique is also more 
economical and easily reproducible. If required, 
the procedure can be done together with a trans-
annular patch in the correction of ToF. However, 
this is a relatively new technique, so further 
research is still needed to assess the valve’s 
durability as well as long term outcomes.

 

 
 

Fig. 4. The pericardial tube is inverted and sewn vertically towards the end of the commissure 
 

 
 

Fig. 5.  Fixation of the suture along the neo-commissure with pledget 
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Fig. 6. Results 
 
 

5. CONCLUSION 
 
Using a single strip of pericardium for pulmonary 
valve reconstruction in ToF is feasible without the 
need for equipments such as templates and 
sizing devices. This is favorable especially for 
developing countries with limited facilites. This 
procedure can also be done together with a 
trans-annular patch to correct ToF, With this 
technique, we can create three equal-sized 
leaflets without the need of any special 
equipment and still achieve physiological valve 
hemodynamics while being more economic, 
easily reproducible, and much simpler to shorten 
bypass time. 
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