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АННОТАЦИЯ
Обоснование. Частота возникновения тетрады Фалло составляет примерно 0,5/1000 живорождённых, что соответ-
ствует 7–10% всех случаев врождённых пороков сердца и является второй по частоте формой сложных врождённых 
пороков сердца. Достижения в области диагностики, хирургического и послеоперационного лечения тетрады Фалло 
привели к тому, что всё большее число пациентов этой категории достигает зрелого возраста, при этом наблюдается 
резкое увеличение выживаемости (почти до 90%) к 30 годам, что требует длительного мониторинга определённых 
анатомических параметров для своевременного выявления осложнений. Данное исследование направлено на изуче-
ние частоты осложнений, выявленных с помощью компьютерной томографии, после радикальной коррекции тетрады 
Фалло у пациентов детского возраста.
Цель ― выявить с помощью компьютерной томографии маркеры наиболее часто встречающихся осложнений после 
коррекции тетрады Фалло у пациентов детского возраста.
Материалы и методы. Проведён ретроспективный анализ данных 613 пациентов с тетрадой Фалло за период с октя-
бря 2011 по июнь 2020 года. В исследование были включены 116 пациентов, из них 69 мужского и 47 женского пола, 
у которых после коррекции тетрады Фалло возникли осложнения, выявленные с помощью компьютерной томографии. 
На момент операции средний возраст пациентов составлял от 10 до 36 (в среднем 12) месяцев, средняя масса тела 
21 кг, средний рост 105,4 см, средняя площадь поверхности тела 0,74 м2. Средний возраст пациентов на момент про-
ведения компьютерной томографии составил 17,5 (возрастной диапазон 7–36) лет. 
Результаты. Среди 116 пациентов с осложнениями после коррекции тетрады Фалло у 49 был стеноз лёгочной артерии, 
у 92 ― стеноз ветвей лёгочной артерии (из них у 56 ― основной ветви левой лёгочной артерии, у 36 ― основной вет-
ви правой лёгочной артерии), у 8 ― стеноз выходного тракта правого желудочка, у 32 ― дефект межжелудочковой 
перегородки, у 1 ― тромбоз шунта, у 12 ― послеоперационная деформация лёгочной артерии, у 10 ― выраженная 
дилатация правого желудочка, у 2 ― аневризма выходного тракта правого желудочка, в 6 случаях ― кальцификация 
и стеноз кондуита. У пациентов со стенозом ветви левой лёгочной артерии вероятность развития стеноза ветви правой 
лёгочной артерии была в 6,5 раз выше (p <0,001). 
Заключение. Наиболее частыми осложнениями, выявляемыми с помощью компьютерной томографии после коррекции 
тетрады Фалло, были стеноз лёгочной артерии и её ветвей. Пациенты со стенозом лёгочной артерии и её ветвей не имели 
существенных различий по возрасту, антропометрическим параметрам (рост, вес, площадь поверхности тела) и гендер-
ному распределению при наличии или отсутствии различных типов стеноза (лёгочной артерии, правой или левой лёгоч-
ной артерии), однако стеноз правой лёгочной артерии повышает вероятность развития стеноза левой ветви.

Ключевые слова: мультиспиральная компьютерная томография; тетрада Фалло; осложнения; врождённые пороки 
сердца; радикальная коррекция.
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ABSTRACT 
BACKGROUND: Tetralogy of Fallot represents 7–10% of all cases of congenital heart disease, as it occurs in approximately 
0.5 per 1,000 live births and is the second most common form of complex congenital heart disease. Advances in diagnosis, 
surgical techniques, and postoperative treatment have led to an increasing number of patients reaching adulthood, with a 
dramatic increase in the survival rate to almost 90% at 30 years, thereby creating a need for long-term monitoring of certain 
anatomic parameters to identify complications in a timely manner. This study aimed to investigate the frequency of computed 
tomography detected complications after radical correction of Tetralogy of Fallot in pediatric patients.
AIM: to identify markers between the most frequency computed tomography detected complications after repair of Tetralogy 
of Fallot in pediatric patients.
MATERIALS AND METHODS: A retrospective analysis was conducted on 613 patients with Tetralogy of Fallot from October 
2011 to June 2020. The study included a total of 116 patients (69 men and 47 women) who experienced complications after a 
repair of Tetralogy of Fallot, as identified by computed tomography. At the time of repair of Tetralogy of Fallot, the patient’s 
average age ranged from 10 to 36 months (mean: 12 months), average body weight was 21 kg, average height was 105.4 cm, 
and average body surface area was 0.74 m2. The patients’ median age at the time of the computed tomography examination 
was 17.5 years (age range: 7–36 years).
RESULTS: Among the 116 patients who exhibited complications after an repair of Tetralogy of Fallot, 49 had a pulmonary artery 
stenosis, 92 had a pulmonary artery branch stenosis (56 of them of the left main pulmonary artery branch, and 36 of them of 
the right main pulmonary artery branch), 8 had a right ventricular outflow tract stenosis, 32 had a ventricular septal defect, 
1 had a shunt thrombosis, 12 had a postoperative deformation of the pulmonary artery, 10 exhibited a marked right ventricular 
dilatation, 2 had an right ventricular outflow tract aneurysm, and 6 suffered from conduit calcification and stenosis. Moreover, 
patients with left main pulmonary artery branch stenosis had a 6.5 times greater chance of developing an right main pulmonary 
artery branch stenosis in (p <0.001).
CONCLUSION: The most frequently computed tomography detected complications after a repair of Tetralogy of Fallot were 
pulmonary artery stenosis and pulmonary artery branch stenosis. Patients with pulmonary artery stenosis and pulmonary 
artery branch stenosis exhibit no significant differences in terms of age, anthropometric parameters (height, weight, and body 
surface area), and gender distribution in the presence or absence of different stenosis types (pulmonary artery, right main 
pulmonary artery branch, or left main pulmonary artery branch). However, an right main pulmonary artery branch stenosis 
increases the chances of developing an left main pulmonary artery branch stenosis.

Keywords: multidetector computed tomography; tetralogy of Fallot; complications; congenital heart disease; total repair.
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简评 

论证。法洛四联症（Tetralogy of Fallot，ToF）占所有先天性心脏病（congenital heart 

disease，CHD）病例的7-10%，每1000例活产中约有0.5例发生，是第二种最常见的复杂先天

性心脏病。随着诊断、手术技术和术后治疗的进步，越来越多的患者长大成人，30岁时的存

活率急剧上升到近 90%，因此需要对某些解剖参数进行长期监测，以便及时发现并发症。本

研究旨在调查儿童患者患儿根治性矫正ToF后计算机断层扫描（computed tomography，CT）

发现并发症的发生率。

该研究的目的是确定小儿ToF修复术（repair of ToF，rToF）后CT检测到的最常见并发症之

间的标记。

材料和方法。我们对2011年10月至2020年6月期间的613例ToF患者进行了回顾性分析。116名

患者（69名男性和47名女性）被纳入该研究，这些患者在接受rToF后出现了通过CT发现的并

发症。患者接受rToF时的平均年龄为10至36个月（平均值为12个月），平均体重为21kg，平

均身高为105.4cm，平均体表面积（body surface area，BSA）为0.74m2。患者接受CT检查时

的中位年龄为17.5岁（年龄范围：7至36岁）。

结果。在116例rToF后出现并发症的患者中，49例有肺动脉（pulmonary artery，PA）狭

窄，92例有PA分支狭窄（其中56例有PA左主分支（left main PA branch，LPA），36例有

PA右主分支（right main PA branch，RPA）），8例有右室流出道（right ventricular 

outflow tract，RVOT）狭窄、32例有室间隔缺损，1例有分流道血栓形成，12例有术后PA变

形，10例有明显的右心室扩张，2例有RVOT动脉瘤，6例有导管钙化和狭窄。此外，对于LPA

狭窄患者来说，发生RPA狭窄的几率比正常人高出6.5倍（p<0.001）。

结论。rToF后最常在CT上发现的并发症是PA狭窄和PA分支狭窄。PA狭窄和PA分支狭窄患者在

年龄、人体测量数（身高、体重和BSA）和性别分布方面与是否存在不同狭窄类型（PA、RPA

或LPA）无明显差异。然而，RPA狭窄会增加发生LPA狭窄的几率。

关键词：多排计算机断层扫描；法洛四联症；并发症；先天性心脏病；根治性矫正术。
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INTRODUCTION
Tetralogy of Fallot (ToF) represents 7%–10% of all 

congenital heart disease (CHD) cases, as it occurs in 0.5/1,000 
live births and is the second most common form of complex 
CHD (1). Advances in diagnosis, surgical techniques, and 
postoperative treatment have led to an increasing number 
of patients reaching adulthood, with a dramatic increase 
in the survival rate to almost 90% at 30 years (2), thereby 
creating a need for long-term monitoring of certain anatomic 
parameters so that the complications can be identified on 
time.

After repair of ToF (rToF), imaging tools should be 
used to assess the right ventricular (RV) volume and any 
pressure overload due to the tricuspid and pulmonary 
regurgitation or stenosis, and scan for any RV and left 
ventricular systolic and diastolic dysfunction, the presence 
of any postoperative scars, the presence of any RV 
aneurysms and fibrosis, as well as the presence of any 
associated anomalies, such as aortic root dilation and 
aortic insufficiency (1).

Noninvasive imaging plays a critical role in the follow-
up of patients after a rToF. Transthoracic echocardiography 
(TTE) is the primary and routine clinical investigation tool for 
anatomical and the functional assessment required in these 
cases. However, it is important to note that the results of 
the TTE are largely dependent on the operators. Cardiac 
computed tomography (CT) and magnetic resonance imaging 
(MRI) have been generally regarded as the complementary 
tools for this purpose (3)(4).

Multidetector computed tomography (MDCT), with 
its high spatial, and temporal resolution, plays a crucial 
role in evaluating complex anatomical findings in both 
unrepaired and repaired ToF patients (2). A cardiac CT 
can provide the necessary functional and anatomical 
information for making informed decision-making in 
complex CHD cases. Image interpretation is aided by 
the knowledge of the common approaches to operative 
repair and the residual hemodynamic abnormalities (5). 
Technical advances have allowed high-quality images 
and a marked decrease in the radiation dose of the 
cardiac CT. For selected indications, cardiac CT may 
provide better information with a lower risk compared 
with other diagnostic modalities, proving helpful in the 
ToF evaluation (1). In contrast, cardiac MRI in small 
children is mainly limited due to the long examination 
time requiring conscious sedation or general anesthesia, 
and the relatively low spatial resolution, which may partly 
explain the sparse cardiac MRI data in young children 
with ToF in the literature. Moreover, CT imaging does not 
interfere with pacemakers and defibrillators, even with 
the older models that are noncompatible with cardiac 
magnetic resonance models. The aim of this study was to 
identify markers between the most frequency CT-detected 
complications after an rToF in pediatric patients.

MATERIALS AND METHODS
Ethical considerations

The study was approved by the Institutional Review Ethics 
Committee of the National Research Cardiac Surgery Center 
(approval #01-92/2021 on 22 April 2021). No anticipated risks 
to the participants were identified. During data collection, 
all personal information of the patients was encoded and 
depersonalized to safeguard patient rights and prevent the 
disclosure of personal information. Researchers received 
the electronic database that was limited to the information 
regarding the demographic and clinical characteristics of the 
patients, which was analyzed, and reported in an aggregated 
form only, thereby assuring its confidentiality. This study was 
conducted according to the principles of the Declaration of 
Helsinki. Informed consent was obtained from all patients or 
their legal guardians prior to participation.

Study venue and patients
This is a retrospective study, conducted at a tertiary, 

highly specialized hospital. CT examinations were performed 
from December 2011 to June 2020 on patients with a history 
of rToF who were referred for a cardiac CT examination 
as part of a clinically necessary standard of care, by the 
Cardiothoracic Surgery, and the Cardiology Departments. A 
retrospective analysis of 613 patients with ToF was carried 
out. Written informed consent was obtained from each 
participant and the parents of minors before their data was 
included in the study. We identified 116 patients (69 men, 
47 women) with complications of the rToF through their 
CT results. The patients’ average age when the rToF was 
performed ranged from 10 to 36 months (mean: 12 months), 
and the patients had an average body weight of 21 kg, an 
average height of 105.4 cm, and an average body surface 
area (BSA) of 0.74 m2. The patients’ median age at the time 
of the CT examination was 17.5 years (age range: 7–36 years) 
(Table 1).

Patients with the following conditions were excluded 
from the study population: (i) iodine allergy, (ii) high 
creatinine levels, and (iii) adults with unrepaired ToF (n = 4). 
Subsequently, the following inclusion criteria were applied: 
(i) presence of an informed consent and (ii) prior correction 
of ToF.

In a total of 613 cardiac CT examinations screened, 138 
were performed before any surgical procedures, 20 were 
performed after a palliative operation (such as shunt, RV 
outflow tract (RVOT) stent placement, or RVOT widening), 285 
were performed after a total surgical rToF (consisting of a 
closure of the ventricular septal defect (VSD) and of a relief of 
the RVOT obstruction), and 26 were performed after pulmonary 
valve replacement (that comprised four treatment stages).

Cardiac CT 
Children who had undergone palliative operations and 

had rTOF underwent scanning using a SOMATOM Definition 
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AS 64 CT scanner at the Radiology Department. The scans 
were conducted with prospective cardiosynchronization and 
reconstruction, utilizing a slice thickness of 0.6 mm.

All patients were examined in a supine position, head 
first, with an intravenous bolus administration through an 
automatic tubeless CT-injector Ohiotandem, and an infusion 
rate of 1–2 mL/sec.

Infants and young children up to 4 years of age were 
sedated using oral chloral hydrate (75 mg/kg of body weight) 
and ketamine (1 mg/kg of body weight), while older children, 
and adults underwent the examination without sedation.

To optimize the radiation dose during CT, our institution 
employed standard body-size-adapted protocols. These 
protocols were based on combinations of body weight and 
the size of the cardiac shadow observed on scout images, 
which allowed us to determine the optimal tube current–time 
product per rotation (6).

Data analysis and interpretation
Descriptive data are presented as percentages (for 

categorical variables) and as mean ± standard deviation or 
median (interquartile range), as appropriate. The cohorts 
were divided into two groups: survivors and deceased 
patients. Categorical variables were compared using χ2 tests, 
while continuous variables were compared using t-tests or 
Mann–Whitney U tests.

Comparisons among the three groups were made 
using a bivariate analysis for normally distributed data. 

The same analysis was used to assess the association 
between PA stenosis and other variables. The Pearson’s 
correlation coefficient or the Spearman’s rank coefficient 
was used to assess the correlation between the functional 
parameters examined in the three different groups. 
P-values were two-sided and were reported as significant 
at a p < 0.005 in all analyses. All statistical analyses were 
performed using the SPSS software (version 24.0; IBM 
Corp.).

RESULT
This retrospective study was carried out from October 

2011 to June 2020, and 613 patients with ToF were involved. 
We identified 116 patients with complications after a total 
rToF through their CT examinations.

In patients post-rToF, 49 had PA stenosis (Table 2), and 
92 demonstrated a PA branch stenosis. In 56 of them, the 
stenosis affected the left main PA branch (Table 3), while in 
36 of them; the stenosis affected the right main PA branch 
(Table 4). Moreover, 8 patients were diagnosed with RVOT 
stenosis, 32 had developed a VSD, 1 patient had a shunt 
thrombosis, 12 suffered from a postoperative deformation 
of the PA, 10 exhibited a marked RV dilatation, 2 had an 
RVOT aneurysm, and 6 suffered from conduit calcification 
and stenosis (Figure 1).

A 12-year-old male with repaired tetralogy of Fallot, 
after implantation of valve-containing conduit Contegra No. 
16 and bilateral stents Palmaz Genesis XD 19-10. Cardiac 
CT image clearly demonstrates thrombosis conduit. All the 
complications detected by CT were validated with angiography 
and were operated on.

The most frequent complications observed were PA 
stenosis and PA branch stenosis. We decided to compare 
the medical characteristics between the patients with and 
without PA and PA branch stenosis by conducting a bivariate 
analysis and by calculating the odds ratios.

Among the three comparison pairs examined, no 
significant differences were found in terms of patients’ 
age, anthropometric parameters (height, weight, and BSA), 
and gender distribution in the presence or absence of the 
different stenosis types (PA, RPA, and LPA). Moreover, there 
were no significant differences regarding the type of ToF, 
presence of shunt thrombosis and palliative surgery, or the 
type of surgery performed (p > 0.05). In fact, the data of 
the comparison groups were comparable according to the 
aforementioned criteria.

Patients with a VSD exhibited a lower risk for developing 
LPA stenosis (odds ratio or: 0.039; 95% confidence interval or 
95% CI: 0.160.89; p < 0.005). At the same time, the presence 
of VSD was not associated with the risk of developing a 
stenosis of the PA or of the RPA (p > 0.005).

As indicated in Tables 2 and 3, there were no significant 
associations between the presence of an RVOT stenosis or 
aneurysm and the development of PA, RPA, or LPA stenosis. 

Table 1. General characteristics of participants (N = 116)

Patient characteristics Frequency/
mean

Gender, n (%)

Male 69 (59)

Female 47 (41)

Age at initial correction (months) 12 (10–36)

Previous shunt procedure, n (%) 25 (21,5)

Initial correction, n (%)

Transannular patch, n (%) 67 (57,7)

Myectomy/valvulotomy, n (%) 40 (35,5)

Contegra valved conduit, n (%) 9 (7,7)

Weight, kg 21,08

Height, cm 105,4

Body surface area, m2 0,7

Note: cm, centimeter; kg, kilogram; m2, meter square.
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Table 2. Comparison of medical characteristics between patients with and without PA stenosis (N = 116)

Variable No
(n=67)

Yes
(n=49) p-value

Age, months 28,5 (29,5) 24,6 (27) 0,48
Height, cm 107,1 (29,4) 103,1 (29,8) 0,47
Weight, kg 22,6 (17,4) 19 (12,9) 0,23
BSA 0,75 (0,29) 0,72 (0,34) 0,5
Gender 0,14
Male 36 (52,2%) 33 (47,8%)
Female 31 (66%) 16 (34%)
Palliative operation 0,8
No 52 (57,1%) 39 (42,9%)
Yes 15 (60%) 10 (40%)
ToF type 0,08
Pulmonary artery stenosis 56 (55%) 46 (45%)
Pulmonary atresia 11 (79%) 3 (21%)
Operation type 0,69
TAP 38 (56,7%) 29 (43,3%)
No TAP 23 (56,1%) 18 (43,9%)
Conduit 6 (75%) 2 (25%)
Shunt thrombosis 0,58
No 66 (57,4%) 49 (42,6%)
Yes 1 (100%) 0
VSD 0,84
No 49 (58,3%) 35 (41,7%)
Yes 18 (56,3%) 14 (43,7%)
RVOT stenosis 0,26
No 61 (56,5%) 47 (43,5%)
Yes 6 (75%) 2 (25%)
RVOT aneurysm 0,33
No 65 (57%) 49 (43%)
Yes 2 (100%) 0
PA deformation 0,61
No 60 (58%) 44 (42,3%)
Yes 7 (58,3%) 5 (41,7%)
RPA stenosis 0,93
No 46 (57,5%) 34 (42,5%)
Yes 21 (58,3%) 15 (41,7%)
LPA stenosis 0,03*
No 29 (48,3%) 31 (51,7%)
Yes 38 (67,9%) 18 (32,1%)
RV dilation 0,58
No 61 (57,6%) 45 (42,4%)
Yes 6 (60%) 4 (40%)
Conduit calcification and stenosis 0,19
No 62 (56,4%) 48 (43,6%)
Yes 5 (83,3%) 1 (16,7%)  

Note: *Chi-square test. ORLPAstenosis yes = 0.44. Interpretation: The odds ratio of PA stenosis for those who have LPA stenosis is 0.44 times (56% lower) 
than for those who does to have LPA stenosis.
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Table 3. Comparison of medical characteristics between patients with and without LPA stenosis (N = 116)

Variable No
(n=60)

Yes
(n=56) p-value

Age, months 29,3 (32,2) 24,3 (24,1%) 0,35

Height, cm 108 (28,3) 102 (30,7) 0,3

Weight, kg 20,3 (12,4) 21,9 (18,7) 0,6

BSA 0,76 (0,33) 0,72 (0,29) 0,46

Gender 0,1

Male 40 (58%) 29 (42%)

Female 20 (42,6%) 27 (57,4%)

Palliative operation 0,35

No 45 (49,5%) 46 (50,5%)

Yes 15 (60%) 10 (40%)

ToF type 0,06

Pulmonary artery stenosis 56 (55%) 46 (45%)

Pulmonary atresia 4 (28,6%) 10 (71,4%)

Operation type 0,96

TAP 34 (50,8%) 33 (49,2%)

No TAP 22 (53,7%) 19 (46,3%)

Conduit 4 (50%) 4 (50%)

Shunt thrombosis 0,52

No 59 (51,3%) 56 (48,7%)

Yes 1 (100%) 0

VSD 0,024*

No 38 (45,2%) 46 (54,8%)

Yes 22 (68,8%) 10 (31,3)

RVOT stenosis 0,6

No 56 (51,8%) 52 (48,2%)

Yes 4 (50%) 4 (50%)

RVOT aneurysm 0,23

No 60 (52,6%) 54 (47,4%)

Yes 0 2 (100%)

PA deformation -

No 56 (53,8%) 48 (46,2%) 0,15

Yes 4 (33,3%) 8 (66,7%)

RV dilation 0,42

No 54 (51%) 52 (49%)

Yes 6 (60%) 4 (40%)

Conduit calcification and stenosis 0,63

No 57 (51,8%) 53 (48,2%)

Yes 3 (50%) 3 (50%)

Note: *Chi-square test. ORVSD yes = 0.38. Interpretation: The odds of developing LPA stenosis is 0.38 times (62% lower) for those with VSD tan for 
those without VSD.
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Table 4. Comparison of medical characteristics between patients with and without RPA stenosis (N = 116)

Variable No
(n=80)

Yes
(n=36) p-value

Age, months 26 (29,5) 28,7 (26,8) 0,64

Height, cm 107,8 (28,2) 100 (31,9) 0,19

Weight, kg 20 (12) 23,6 (22) 0,26

BSA 0,75 (0,32) 0,72 (0,29) 0,61

Gender 0,32

Male 50 (72,5%) 19 (27,5%)

Female 30 (63,8%) 17 (36,2%)

Palliative operation 0,35

No 64 (70,3%) 27 (29,7%)

Yes 16 (64%) 9 (36%)

ToF type 0,45

Pulmonary artery stenosis 71 (69,6%) 31 (30,4%)

Pulmonary atresia 9 (64,3%) 5 (35,7%)

Operation type 0,86

TAP 47 (70,2%) 20 (29,8%)

No TAP 28 (68,3%) 13 (31,7%)

Conduit 5 (62,5%) 3 (37,5%)

Shunt thrombosis 0,69

No 79 (68,7%) 36 (31,3%)

Yes 1 (100%) 0

VSD 0,68

No 57 (67,9%) 27 (32,1%)

Yes 23 (71,9%) 9 (28,1%)

RVOT stenosis 0,52

No 74 (68,5%) 34 (31,5%)

Yes 6 (75%) 2 (25%)

RVOT aneurysm 0,09

No 80 (70,2%) 34 (29,8%)

Yes 0 2 (100%)

PA deformation 0,55

No 72 (69,2%) 32 (30,8%)

Yes 8 (66,7%) 4 (33,3%)

LPA stenosis <0,001*

No 52 (86,7%) 8 (13,3%)

Yes 28 (50%) 28 (50%)

RV dilation 0,62

No 73 (68,9%) 33 (31,1%)

Yes 7 (70%) 3 (30%)

Conduit calcification and stenosis 0,39

No 75 (68,2%) 35 (31,8%)

Yes 5 (83,3%) 1 (16,7%)

Note: *Chi-square test. ORLPA yes = 6.5. Interpretation: The odds of developing RPA stenosis is 6.5 times (550%) higher for those with LPA stenosis than 
for those without LPA stenosis.
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Similar results were obtained for the presence or absence of 
a PA deformation (p > 0.005).

The development of PA stenosis was significantly lower 
(OR: 0.44; 95% CI 0.21–0.94; p < 0.005) among patients with 
an LPA stenosis, but not with an RPA stenosis (p > 0.005). At 
the same time, patients with an LPA stenosis had a 6.5 times 
(95% CI: 2.62–16.15; p < 0.001) greater chance of developing 
an RPA stenosis.

No significant associations were found between the 
RV dilation or the conduit calcification and stenosis and 
the development of a PA, an RPA, or an LPA stenosis 
(p > 0.005).

DISCUSSION 
An increasing number of adult patients with CHD continue 

to require life-long diagnostic imaging surveillance through 
cardiac CT and MRI. These patients are characterized by a 
large spectrum of unique anatomical and functional changes 
resulting from either single- or multistage palliation and 
surgical correction. Radiologists involved in the diagnostic 
task of monitoring treatment effects and detecting potential 
complications should be familiar with common cardiac CT 
and MRI findings observed in patients with repaired, complex 
adult CHD (7).

Due to its high spatial and temporal resolution and 
the capability of providing high-quality three-dimensional 
reconstructed images, MDCT has become the primary 
modality for several patients, predominantly for the 
evaluation of PA and of the major aortopulmonary collateral 
arteries (8). In this study, we found that the most frequent 
complications occurring after a total rToF are PA and PA 
branch stenosis. 

Echocardiography is still considered as the first modality 
in the evaluation of the postoperative complications 
following CHD treatment procedures, due to its known 
advantages of being safe, affordable, and lacking ionizing 
radiation, along with its superior capabilities in the 
delineation of the intracardiac anatomy and of the cardiac 
physiological functions. However, due to its dependency on 
its operator and the limitation of its narrow acoustic window, 
echocardiography faces difficulties in the visualization of 
extracardiac anatomy as well as a number of challenges 
in the quantitative assessment of the RV size, function, and 
valve regurgitation (9).

Cardiac CT and cardiac MRI are considered as minimally 
invasive techniques in the evaluation of the extracardiac 
postoperative vascular complications. However, in 
contrast to cardiac MRI, CT is superior in its inherent 
capability to identify intracardiac anatomical elements, to 
assess small vessel anatomy (including pulmonary veins, 
distal PA branches, and aortopulmonary collaterals), 
and to identify functional, and structural abnormalities 
or postoperative complications following CHD surgical 
procedures. Therefore, CT is steadily becoming an 
invaluable imaging modality capable of filling the gap 
between echocardiography, cardiac catheterization, and 
cardiac MRI (10).

Different types of conduits are used in the surgical rToF. 
The immediate postoperative results are excellent, but with 
time, progressive conduit obstruction occurs due to patient-
prosthesis mismatch, distal anastomotic stenosis, conduit 
kinking, thrombosis, and the development of calcifications. 
MDCT can accurately assess the exact mechanism of such 
conduit obstructions, as well as assess the stenosis level, 
degree, and extension (2).

Fig. 1. CT of valve-containing conduit Contegra No. 16 and bilateral stents Palmaz Genesis XD 19-10.

a b
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Transannular patch repair frequently leads to RVOT 
dilatation and aneurysms, chronic and severe pulmonary 
regurgitation, and subsequent RV dilatation, and dysfunction. 
An RVOT aneurysm is a ventricular wall swelling or its 
restored outflow, which is considered as an independent 
predictor of RV dilatation and systolic dysfunction in patients 
that have been subjected to an rToF. It is also a suitable 
substrate for the generation of ventricular arrhythmias. 
MDCT images clearly delineate the RVOT aneurysms as well 
as any associated dilatation of the main PA and its central 
branches. MDCT is excellent in depicting the morphology of 
the RVOT and cardiac abnormalities related to PR, in addition 
to accurate measurements of the enlarged RV volumes 
that serve as one of the major criteria for pulmonary valve 
replacement (2).

The present study had several limitations. First, this study 
was retrospective, and thereby limited by the small sample 
size. Additionally, being an observational study, it lacked gold 
standard for comparison.

CONCLUSION
Our study demonstrated that the most frequent 

complications observed in pediatric patients with repaired 
ToF were PA stenosis and PA branch stenosis. Patients with 
PA and PA branch stenosis exhibit no significant differences 
in terms of their age, anthropometric parameters (height, 
weight, and BSA), and gender distribution in the presence or 
absence of different stenosis types (PA, RPA, LPA). However, 
the presence of an RPA stenosis provides a greater chance of 
developing an LPA stenosis.

MDCT is an extremely useful imaging method for 
evaluating normal and abnormal findings after the surgical 

rToF due to its wide availability and high spatial and temporal 
resolution. MDCT is being used with increasing frequency to 
evaluate patients with ToF, as it provides reliable and accurate 
assessment of complex anatomy and associated anomalies 
in unrepaired ToF patients and guides the surgical approach 
and the necessary type of surgery needed. In addition, MDCT 
has given us the opportunity to fully understand and assess 
the late surgical sequelae, surgical complications, and 
residual lesions. Therefore, it is now essential that corrected 
ToF patients should have regular follow-ups in order to 
assess the existence of any residual lesions and surgical 
complications and to manage them appropriately and in a 
timely manner.
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