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YacToTa cepaeyuHbiX 0CNOXXKHEHUN Y fieTeH, Sheckles
BbIIBJIEHHbIX NOCNe paaUKa/ibHOW KOPPeKLMUK

TeTpaabl ®anno ¢ NoMoLLbI0 KOMNbIOTEPHOM

ToMorpadum

AM. Kabpoynnuua', B.E. Cunuupin?, P.W. Paxumanosa', T.b. laytos?, A.b. Capyakacosa®,
b.5. Kanues', J1.A. Bactapbexosa', 3.A. MonpaxaHosa'

! MeauumHckmit yHnsepeuTeT ActaHa, Actana, Kasaxcrak;

2 MOCKOBCKWIA rocy1apCTBEHHbIN YHMBEpCHTET MMeHn M.B. JloMoHocosa, Mockea, Poccuiickan ®epepaums;

% HaumoHanbHbIl HayuHbll Kapamoxvpyprideckuii ueHtp Pecnybnukm Kasaxcraw, ActaHa, Kasaxcran;

* BonbHMUa MeanumHEKoro LeHTpa Ynpasnenua aenamu Mpesuaenta Pecny6nvku Kasaxcran, Actana, Kasaxcrad

AHHOTALIUA

O6ocHoBaHMe. YacTota Bo3HMKHOBeHMs TeTpapbl ®anno coctaensieT npumepHo 0,5/1000 KMBOPOMKAEHHBIX, YTO COOTBET-
cTByeT 7-10% Bcex cyyaeB BPOXKAEHHbIX MOPOKOB CEpALA U ABNIAETCA BTOPOM No YacToTe GOpMON COXHBIX BPOXKAEHHbIX
nopoKoB cepAua. [locTuKeHWs B 06nacTv AUarHOCTUKM, XMPYPrUYecKoro W Noc/eomnepaLuyoHHoro neyeHus Tetpaabl ®anno
MPUBENW K TOMY, 4TO BCE HOMbLLEe YMCNO NALMEHTOB 3TOW KaTeropum JOCTMraeT 3penoro Bo3pacta, Npu 3ToM Habnoaaetcs
pesKoe yBenmueHue BbixuBaeMocTu (noutn ao 90%) k 30 rosam, yto TpebyeT ANUTENBHOTO MOHWUTOPUHIA OMpeAeNEHHbIX
aHaTOMMYECKWX NapaMeTpoB Afs CBOEBPEMEHHOMO BbISBIEHNS OCNOXHEHWIA. [laHHOe nccieoBaHue HampaBneHo Ha usyye-
HWe YacTOTbl OC/OXHEHWH, BbISIBNEHHBIX C MOMOLLbIO KOMMbOTEPHOI TOMOrpaduy, NoCie paguKanbHOM KOPpPeKLMK TeTpabl
(®anno y nauMeHTOB AETCKOr0 BO3pacTa.

Lienb — BbISBATL C NOMOLLBK KOMMbIOTEPHOI TOMorpaduv MapKepbl Haubosnee 4acTo BCTPEYAILLMXCA OCNOMHEHUI nocne
KoppeKumv TeTpagbl Panno y naumeHToB AETCKOro BO3pacTa.

Martepuansl u MeToabl. TpoBeAEH PETPOCNEKTUBHBIN aHanu3 AaHHbIX 613 naumeHToB ¢ TeTpason ®anno 3a nepuog, ¢ oKTS-
6psa 2011 no wioHb 2020 ropa. B uccnepoBaHmne 6biam BKoYeHbl 116 NaLMeHTOB, U3 HUX 69 MYMKCKOTO 1 47 KEHCKOro nona,
Yy KOTOpbIX Mocre KoppeKumm TeTpagsl Dano BO3HUKIM 0CNOKHEHMS, BbISIBEHHbIE C MOMOLLbI0 KOMMbIOTEPHOM ToMorpadum.
Ha MoMeHT onepauumm cpeHuii BospacT naumeHToB cocTansan ot 10 no 36 (B cpeaHeM 12) MecsiLeB, cpefHss Macca Tena
21 Kr, cpeqnmit poct 105,4 cM, cpeauHas nnowwaas nosepxHoctv Tena 0,74 M2, CpeiHWiA BO3PACT NALMEHTOB HAa MOMEHT Npo-
BEIEHMsA KOMMboTepHOM ToMorpaduu coctaeun 17,5 (Bo3pacTHol AnanasoH 7-36) net.

Pesynbtatbl. Cpeam 116 naumeHTOB C 0CNOKHEHUAMM NOCNe KoppeKuuy TeTpaabl Panno y 49 Obin cTeHO3 NEFOYHOI apTepuy,
y 92 — cTeH03 BeTBEM JIEFOYHOI apTepum (M3 HUX y 56 — OCHOBHOW BETBY JIEBOI JIETOYHOM apTepuu, Y 36 — OCHOBHOM BET-
BM NpaBoii NIEroYHol apTepum), y 8 — CTeHO3 BbIXOAHOIO TpaKTa NPaBoro Keiyaouka, y 32 — AedeKT MexoKenya04KoBOi
neperopofKu, y 1 — Tpomb03 WyHTa, y 12 — nocneonepaunoHHas AedopMaums NéroyHoi aptepun, y 10 — BbipaxeHHas
Auvnatauus npaBoro XenyiouKa, y 2 — aHeBpu3Ma BbIXOJHOIO TpaKTa NpaBoro XenynoyKa, B 6 Clydasx — KanbLuduKaums
M CTEHO3 KOHAYWTA. Y NaUMeHTOB CO CTEHO30M BETBU JIEBOM NEr0YHOW apTepUM BEPOATHOCTb Pa3BUTMA CTEHO3a BETBU NPaBOiA
NEro4Homn aptepum beina B 6,5 pas soiwwe (p <0,001).

3akntoyeHue. Havbonee YacTbiM1 OCIIOXKHEHUAMM, BbISBIIEMBIMM C MOMOLLBI0 KOMMbBIOTEPHOI TOMOrpadumn nocse KoppeKLum
Tetpagbl ®anno, ObiM CTEHO3 NEFOYHON apTepum 1 e€ BeTBeM. [NaLumMeHTbI CO CTEHO30M JIErO4YHOM apTepum 1 e€ BEeTBEN He UMeNn
CYLLIECTBEHHBIX PasfMumii N0 BO3PacTy, aHTPONOMETPUYECKUM NapaMeTpaM (pocT, Bec, NoLLafb NOBEpPXHOCTU TeNa) U reHaep-
HOMY pacnpefenieHuto Npy HalMuuW UK OTCYTCTBUW Pa3NKYHbIX TUMOB CTEHO3a (NEFQYHOM apTepuu, MpaBoM UNM JIEBO NEroY-
HOVi apTepum), 0AHAKO CTEHO3 MPaBOM JIErOYHON apTepuu MOBLILLAET BEPOATHOCTL Pa3BUTUS CTEHO3a JIEBOI BETBU.

KnioueBble cnoBa: MynbTUCNNPaibHaA KOMNbOTEPHAA TOMOFpad)VIFI; TeTpaaa (®anno; ocNoXHeHuS; BpO)KD,éHHbIe MOPOKK
cepAaua; paanKanbHaa KOppeKUua.
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Frequency of various cardiac complications
in children with repaired tetralogy
of Fallot identified by computer tomography

Azhar M. Kabdullina', Valentin E. Sinitsyn?, Raushan I. Rakhimzhanova',
Tairkhan B. Dautov®, Aigul B. Saduakassova®*, Bauyrzhan B. Kaliyev',
Lyazzat A. Bastarbekova', Zhanar A. Moldakhanova'

! Astana Medical University, Astana, Kazakhstan;

Z Lomonosov Moscow State University, Moscow, Russian Federation;

3 Department of the Radiology of National Research Cardiac Surgery Center, Astana, Kazakhstan;

“ Medical Centre Hospital of President’s Affairs Administration of the Republic of Kazakhstan, Astana, Kazakhstan

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 m?. 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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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.
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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 m?. 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 (jii) 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 RVQT 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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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
Weight, kg 21,08
Height, cm 105,4
Body surface area, m? 0,7

Note: cm, centimeter; kg, kilogram; m?, meter square.

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 ¥’ 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.
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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% Cl: 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.
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Table 2. Comparison of medical characteristics between patients with and without PA stenosis (N = 116)

Variable (n§z7) (nYiS?) 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 (42,6%)
Yes 6 (60%) 4 (L0%)
Conduit calcification and stenosis 0,19
No 62 (56,4%) 48 (43,6%)
Yes 5 (83,3%) 1(16,7%)

Note: *Chi-square test. OR|ppqiengsis 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)
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Variable (n':zo) (nY=e556) 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 (L2%)
Female 20 (42,6%) 27 (57,6%)
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. ORyp o, = 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 (nEgﬂ) (nY=e3$6) 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. OR,p, s = 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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Fig. 1. CT of valve-containing conduit Contegra No. 16 and bilateral stents Palmaz Genesis XD 19-10.

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% Cl 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% Cl: 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.

DOl https://doiorg/1017816/DD375285

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).
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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
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