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Abstract
Tetralogy of Fallot (TOF) is a common cardiac malformation characterized 

by reduced pulmonary circulation. Long-term preservation of neopulmonary 
bicuspid valve function is crucial in paediatric cardiac surgery. In 2019, Iranian 
cardiac surgeon Amirghofran A. introduced a novel method of forming a 
neopulmonary valve from the right atrial appendage. Despite numerous 
previous attempts to preserve the pulmonary valve using both autologous and 
foreign tissue, results were often disappointing. The usage of the right atrial 
appendage as a bicuspid valve in the pulmonary position offers an alternative 
method for correcting TOF with a deformed, hypoplastic, or aplastic pulmonary 
valve. However, further follow-up is required to obtain more reliable data.
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Introduction
Tetralogy of  Fallot (TOF) is a common cardiac 

malformation characterized by reduced pulmonary 
circulation. For many years, the surgical technique for 
correcting TOF remained unchanged. Despite numerous 
attempts to improve the technique, many proposed 
methods were not practical. In 2019, Iranian cardiac 
surgeon Amirghofran A. introduced a novel method 
of forming a neopulmonary valve from the right atrial 
appendage. This method serves as an alternative option 
for hypoplasia and aplasia of the pulmonary valve 
annulus. One notable benefit is the use of autologous 
valves, which may facilitate growth and potentially 
reduce the need for repeat interventions in children 
with pulmonary valve insufficiency and restenosis. 
[3-5]. In our opinion, one of the most promising  
techniques is the use of the right atrium appendage as 
a neopulmonary valve. More than 100 operations using 
this technique have been performed with good results, 
but it has not been used in post-Soviet countries.

Clinical case 
The first successful surgical correction of 

Tetralogy of Fallot by using the appendage of the 
right atrium as a neopulmonary valve was performed 
in the paediatric cardiac surgery department of 
JSC NSMC (November 22, 2023) for the first time 
in Kazakhstan. Patient A., aged 11 months, was 
admitted with complaints of dyspnoea, sweating 
when feeding and crying, and lividity of the 
nasolabial triangle when restless. The examination 
according to echocardiography revealed the 
following: CHD. Tetralogy of Fallot: subaortic 
defect of the interventricular septum. Moderate 
tricuspid regurgitation. Aortic dextroposition of 
50%. Combined pulmonary artery stenosis with 
trunk and branch hypoplasia. Gradient on the RV/
PA is 85/42 mmHg. Condition after endovascular 
stenting of the RVOT. Hypertrophy of right ventricle 
myocardium. Ejection fraction (EF) is 75%. Left 
ventricular hypertrophy is present. Cardiac computed 
tomography angiography (CTA) with contrast reveals 
a functioning stent of the right ventricular outflow 
tract (RVOT), aortic dextraposition up to 50%, 
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Figure 1 – Harvesting 
and preparation 
of the right atrial 
appendage (photo 
was taken during 
the operation)

Figure 2 – Suturing the right atrial appendage valve in the place. (A) The posterior part of the annulus and then the two 
lateral edges are sutured to make the left and right commissures. (B) The bovine transannular patch covers the pulmonary 
arteriotomy, and the anterior annulus is sutured. (C) The final shape of the bicuspid right atrial appendage valve (the figure 
was taken from [1])

Figure 3 – Bicuspid 
neovalve (the figure was 
taken from [1]

RVOT obstruction, and myocardial hypertrophy of the right 
ventricle. Dilatation of all heart chambers is also observed. 
CTA findings are unremarkable, with no evidence of coronary 
artery obstruction, stenosis, or anomalies.

The duration of the operation was five hours, with a total 
time of artificial circulation of 178 minutes. The aortic clamping 
time was 78 minutes, with a blood loss of 15 ml. During the 
operation, the hypoplastic pulmonary artery trunk was opened 
and placed on holders. At the time of the revision, the pulmonary 
valve was bicuspid, the pulmonary leaflets were fused with 
the stent, and the leaflets were thickened and restricted in 
movement. Gradually, the valve leaflets were detached from 

the stent. Further, during revision through the pulmonary valve 
annulus, the bougie №5 was passed, which did not correspond 
to the calculated z-score parameters (z score parameters should 
be within 8-10 mm). It was therefore decided to cut the annulus 
and implant a neopulmonary valve formed from the appendage 
of the right atrium.  

Following the closure of the ventricular septal defect with a 
Gore-Tex patch and the excision of the right ventricular outflow 
tract by cutting hypertrophied and fibrotic tissues of the RVOT, 
the rudimentary pulmonary valve leaflets were excised, and a 
neopulmonary valve derived from the right atrium appendage 
was implanted in the location of the native pulmonary valve 
annulus (Fig. 1, 2, 3). The right atrium appendage was prepared 
in advance: The edges of the right atrium appendage were 
secured in position using prolene 5/0-10 thread. The rough 
portion of the right atrial appendage was then detached from 
the trabecular muscles. On the opposite edge of the appendage, 
a scalpel incision was made to correspond to the estimated 
diameter of the pulmonary valve annulus. Subsequently, the 
lateral edges of the neobicuspid valve were sutured in the 
projection of the pulmonary artery trunk. The next step involved 
suturing the lower edge of the leaflet of the neobicuspid valve 
to the pulmonary valve annulus. Subsequently, dilating plasty 
of the pulmonary artery trunk and right ventricular outflow 
tract was performed using xenopericardium. Additionally, the 
second leaflet of the neopulmonary valve was sutured to the 
xenopericardium in the region of the pulmonary valve annulus to 
preserve the haemodynamic geometry of the valve, thus avoiding 
neobicuspid valve deformation and insufficiency. On the control 
transoesophageal echocardiogram, the gradient on the RV/PA 

was 14 mmHg. There was no pulmonary valve regurgitation, 
and only light tricuspid regurgitation was observed. The VSD 
patch was found to be closed tightly. The patient's ejection 
fraction was 50%. The patient was admitted to the intensive 
care unit (ICU) for two days and was extubated on the first day 
after surgery without complications. The patient was discharged 
after ten days. On the control echocardiogram before discharge, 
the gradient in the right ventricle to pulmonary artery (RV/PA) 
was 22 mmHg. There was a mild pulmonary regurgitation. The 
right part of the heart was dynamic with a reduction. The left 



73
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 4

References 
1. Amirghofran A, Edraki F, Edraki M, Ajami G, Amoozgar H, Mohammadi H et al. Surgical repair of tetralogy of Fallot using autologous 

right atrial appendages: short- to mid-term re-sults. Eur J Cardiothorac Surg. 2021; 59: 697–704. https://doi.org/10.1093/ejcts/ezaa374.
2. Yang S, Wen L, Tao S, Gu J, Han J, Yao J et al. Impact of timing on inpatient outcomes of complete repair of tetralogy of Fallot in 

infancy: an analysis of the United States National Inpatient 2005–2011 database. BMC Cardiovasc Dis. 2019; 19: 46. https://doi.org/10
.1186%2Fs12872-019-0999-1.

3. Wankhade PR, Aggarwal N, Joshi RK, Agarwal M, Joshi R, Mehta A et al. Short-term clini-cal and echocardiographic outcomes after 
use of polytetrafluoroethylene bicuspid pulmo-nary valve during the repair of tetralogy of Fallot. Ann Pediatr Card. 2019; 12: 25–31. 
https://doi.org/10.4103%2Fapc.APC_51_18.

4. Hickey E, Pham-Hung E, Halvorsen F, Gritti M, Duong A, Wilder T et al. Annulus-sparing tetralogy of Fallot repair: low risk and 
benefits to right ventricular geometry. Ann Thorac Surg. 2018; 106: 822–829. https://doi.org/10.1016/j.athoracsur.2017.11.032.

5. Ishimaru K, Kanaya T, Sakamoto S, Sawa Y. Trileaflet pulmonary valve reconstruction for pulmonary regurgitation in childhood. Interact 
CardioVasc Thorac Surg. 2018; 27: 914–915. https://doi.org/10.1093/icvts/ivy196.

6. Adilbekova A, Marassulov Sh, Nurkeev B, Kozhakhmetov S. Evolution of surgery of ven-tricular septal defect closure. Journal of 
clinical medicine of Kazakhstan. 2022; 19(5): 4–8. https://doi.org/10.23950/jcmk/12505.

7. Adilbekova A, Marassulov Sh, Nurkeev B, et al. Mortality rates of ventricular septal defect for children in Kazakhstan: spatio temporal 
epidemiological appraisal. Congenital Heart Dis. 2023; 18(4): 447–459. https://doi.org/10.32604/chd.2023.028742.

8. Adilbekova A, Marassulov Sh, Baigenzhin,A et al. Hybrid versus traditional method closure ventricular septal defect in children. JTCVS 
Techniques. 2024; 24: 137–144. https://doi.org/10.1016/j.xjtc.2024.01.015.

9. Vida VL, Guariento A, Zucchetta F, Padalino M, Castaldi B, Milanesi O. Preservation of the pulmonary valve during early repair 
of tetralogy of Fallot: surgical techniques. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu. 2016; 19: 75–81. https://doi.
org/10.1053/j.pcsu.2015.12.008.

10. Amoozgar H, Salehi M, Borzoee M, Ajami G, Edraki MR, Mehdizadegan N et al. Balloon valvuloplasty for pulmonary stenosis 
in children: immediate outcome and cardiac remodel-ing during midterm follow-up. Iran J Pediatr. 2017; 27: e10058. https://doi.
org/10.1111/j.1540-8183.1995.tb00575.x.

11. Choi KH, Sung SC, Kim H, Lee HD, Ban GH, Kim G et al. A novel predictive value for the transannular patch enlargement in repair of 
tetralogy of Fallot. Annals Thorac Surg. 2016; 101: 703. https://doi.org/10.1016/j.athoracsur.2015.10.050.

12. Ylitalo P, Nieminen H, Pitka¨nen OM, Jokinen E, Sairanen H. Need of transannular patch in tetralogy of Fallot surgery carries a higher 
risk of reoperation but has no impact on late sur-vival: results of Fallot repair in Finland. Eur J Cardiothorac Surg. 2015; 48: 91–97. 
https://doi.org/10.1093/ejcts/ezu401.

13. Myriam Galicia-Tornell , Alfonso Reyes-López , Sergio Ruíz-González , Alejandro Bolio-Cerdán , Alejandro González-Ojeda , Clotilde 
Fuentes-Orozco Treatment of Fallot tetralogy with a transannular patch. Six years follow-up. Cir Cir. 2015; 83: 478–484. https://doi.
org/10.1016/j.circir.2015.06.003.

ventricular pumping and contractile function was satisfactory, 
with an ejection fraction (EF) of 60%.

Discussion
In the long term, the preservation of neopulmonary 

bicuspid valve function in Tetralogy of Fallot has a key value 
in paediatric cardiac surgery. Previously, numerous attempts 
have been made to preserve the pulmonary valve using both 
autologous and foreign tissue, but the results have been 
disappointing. Given that the use of the biological or mechanical 
valve in small children is not possible, this technique represents 
a potential solution to this problem. It is now possible to preserve 
the pulmonary valve for a long period of time, thanks to our 
colleagues from Iran, led by Amirghofran A. However, it should 
be noted that this method is not a panacea for all patients and 
that careful selection is required. In the case of an abnormally 
short, fused or absent appendage of the right atrium, this method 
is not applicable. In preparing the right atrial appendage (RAA), 
the following criteria must be met: the width of the RAA should 
be equal to half the circumference of the design annulus, and the 
height should be equal to the diameter of the design annulus. 
Additionally, the inner part of the right atrial appendage should 
be thoroughly cleaned of rough trabeculae. Given that the tissue 
of the right atrial appendage is autologous, anticoagulant therapy 
is not required. This surgical technique has no age restrictions 
and can be used in both 15-day-old babies and 57-year-old 
patients with tetralogy of Fallot. It is not limited to this condition 
and can also be applied in the treatment of pulmonary atresia 

type 1, Nikaidoh operation, common arterial trunk, and absent 
pulmonary valve syndrome [9-13].

Conclusion
It can be concluded that the use of the right atrial appendage 

as a bicuspid valve in the pulmonary position represents an 
alternative method for the correction of Tetralogy of Fallot 
with deformed, hypoplastic and aplasic pulmonary valve. The 
new technique is safe, easy to perform and the first successful 
results in Kazakhstan are promising. Given that the right atrial 
appendage is autologous tissue, there is a possibility of valve 
growth, which could represent a new branch in the improvement 
of surgical tactics in Tetralogy of Fallot. However, further 
follow-up is required to obtain data that are more reliable.
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