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The use of pediatric cardiothoracic CT for congenital heart disease (CHD) was traditionally limited to the morphologic
evaluation of the extracardiac thoracic vessels, lungs, and airways. Currently, the applications of CT have increased, owing to
technological advancements in hardware and software as well as several dose-reduction measures. In the previously
published part 1 of the guideline by the Asian Society of Cardiovascular Imaging Congenital Heart Disease Study Group, we
reviewed the prerequisite technical knowledge for clinical applications in a user-friendly and vendor-specific manner. Herein,
we present the second part of our guideline on contemporary clinical applications of pediatric cardiothoracic CT for CHD
based on the consensus of experts from the Asian Society of Cardiovascular Imaging CHD Study Group. This guideline

describes up-to-date clinical applications effectively in a systematic fashion.
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INTRODUCTION

With its increased utility, cardiothoracic CT has replaced
diagnostic catheter angiography in patients with congenital
heart disease (CHD) [1,2]. CT protocols need to be
optimized to prevent outliers with high radiation exposure
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[3] and, thus, to increase its benefit-risk ratio [4-6]. In
patients with CHD, the clinical applications of CT have
been traditionally confined to the morphologic evaluation
of the extracardiac thoracic vessels, lungs, and airways
[7,8]. The recent introduction of electrocardiography (ECG)-
synchronized CT scan enables us to perform quantitative
and functional evaluations of the cardiovascular structures
[9,10]. In CHD, combined multiple cardiac defects are
commoner than isolated ones and often associated with
anomalies of other systems or organs. In such cases,
a systematic organ-based approach seems to more
appropriately demonstrate clinical applications compared to
overlapped descriptions among specific cardiac defects as
in the so-called systematic segmental approach commonly
used to evaluate patients with CHD.

An expert consensus describing the rationale and utility
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of CT in patients with CHD was previously provided by

the Society of Cardiovascular Computed Tomography [11].
However, ample accounts on the clinical experiences

with pediatric cardiothoracic CT in Asian countries [12]
may provide more useful information about the practical
applications. Furthermore, guidelines need to be updated
to include new information. Therefore, we comprehensively
discuss the contemporary organ-based clinical applications
of pediatric cardiothoracic CT, as the second part of the
guidelines provided by the Asian Society of Cardiovascular
Imaging Congenital Heart Disease Study Group.

Pulmonary Artery

Most pulmonary artery anomalies are associated with
CHD, and they may have underlying syndromes [13,14].
Cardiothoracic CT is useful for evaluating these pulmonary
artery anomalies associated with CHD [11].

In tetralogy of Fallot, the most common congenital
cyanotic heart disease, a broad spectrum of pulmonary
artery hypoplasia in addition to pulmonary annular and
infundibular narrowing is observed on CT [15]. The sizes
of these structures are usually close to normal in pink
tetralogy of Fallot. In contrast, pulmonary artery hypoplasia
tends to be severer in patients with severe cyanosis, and
severe infundibular narrowing is observed during hypoxic
spells. This information is crucial for planning right surgical
ventricular outflow tract reconstruction. In patients with
severe pulmonary artery hypoplasia, a palliative shunt may
be necessary to increase pulmonary artery flow.

Goo et al.

In CHD, pulmonary artery stenosis may involve central or
peripheral branches. Central stenosis occurs commonly in a
juxtaductal region of the pulmonary artery, most commonly
involving the left side. In contrast, peripheral stenosis is
often associated with genetic syndromes, such as Williams
and Alagille syndromes, and its morphologic types on CT
varies from focal narrowing to long-segment hypoplasia.
Recently, CT was used to provide an accurate quantitative
measure of differential pulmonary vascularity in patients
with pulmonary artery stenosis [16].

In pulmonary atresia and ventricular septal defect,
multiple pulmonary arterial flow sources originate from the
systemic arterial system, including a patent ductus arteriosus
(PDA) or major aortopulmonary collateral arteries. CT is
useful to accurately map the morphological characteristics,
including the size, number, location, and stenosis, of these
collateral arteries and small central pulmonary arteries
at various stages of unifocalization (Fig. 1A) [17]. The
presence and confluence of the central pulmonary artery
can be evaluated accurately with CT although the size is
small because of its high spatial and contrast resolutions
[18]. The presence/absence of communication between the
central pulmonary artery and the systemic arterial collaterals
is also important for optimal surgical planning, which should
be evaluated with CT (Fig. 1B) and subsequently confirmed
on catheter angiography. Stenosis may be observed in the
origin or proximal portion of the major aortic collaterals (Fig.
1C), and its presence decreases hemodynamic contribution
of the affected collateral artery to total pulmonary arterial
flow. The key role of CT is to reduce procedure time and

Fig. 1. Pulmonary atresia, ventricular septal defect, and major aortopulmonary collateral arteries.

A. Merged frontal volume-rendered CT image obtained in a 9-month-old girl illustrates color-coded pulmonary artery mapping including two major
collateral arteries (red and greed) originating from the DA and the central pulmonary arteries (blue) supplied by a 4-mm central shunt (arrow).

B. Posterior volume-rendered CT image obtained in a 6-month-old boy shows a connection (asterisk) between a larger aortopulmonary collateral
artery (arrows) and the right central pulmonary artery (R). The pulmonary arteries appear dilated and tortuous, suggesting increased pulmonary
arterial pressure. C. Oblique coronal reformatted CT image obtained in a 6-day-old boy shows two focal stenoses (arrows) at the proximal portion
of one major aortopulmonary collateral artery. AA = ascending aorta, DA = descending aorta
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potential diagnostic errors of preoperative diagnostic cardiac
catheterization and help optimally plan unifocalization
surgery.

In truncus arteriosus, a single great artery with a single
semilunar valve supplies the pulmonary, systemic, and
coronary circulations. Four types based on the branching
pattern of the pulmonary artery can be accurately evaluated
with CT, which is helpful for surgical planning (Fig. 2) [19].

Aortopulmonary window is a rare anomaly, characterized
by abnormal communication between the ascending aorta
and pulmonary artery and classified into the proximal,
distal, and total defects depending on the location and
extent of the defect (Fig. 3) [20].

In absent pulmonary valve syndrome, CT is useful for
assessing vascular bronchial compressions due to markedly
dilated pulmonary arteries before and after surgical
treatment (Fig. 4) [21].

In left pulmonary artery sling, stenosis of the affected
pulmonary artery and associated tracheobronchial
abnormalities can be accurately evaluated with CT (Fig.

5) [22]. CT is also useful after reimplantation of the left
pulmonary artery with or without tracheoplasty.

Pulmonary Vein

In anomalous pulmonary venous returns, where part or
all of the pulmonary veins drain anomalously into the right
atrium directly or indirectly, CT shows high diagnostic
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accuracy in delineating pulmonary vein morphology,
obstruction of the pulmonary venous drainage, and
associated anomalies [23,24].

Partial anomalous pulmonary venous return (PAPVR)
involving at least one, but not all, pulmonary veins (Fig. 6) is
usually asymptomatic or mildly symptomatic, and it is often
detected incidentally. The anomaly most commonly involves
the right upper thorax, in which the right upper pulmonary

vein anomalously drains into the right atrium or the superior

Fig. 3. Aortopulmonary window in a 1-month-old boy. Color-
coded volume-rendered CT image with superior view demonstrates a
small communication (white) between the ascending aorta (red) and
the pulmonary trunk (blue) at their distal portion.

Fig. 2. Truncus arteriosus demonstrated on cardiothoracic CT.

A. In an 11-year-old girl, color-coded volume-rendered CT image with oblique posterior view shows truncus arteriosus type 1, in which the
pulmonary trunk (blue) arises from the left lateral aspect (arrows) of the common arterial trunk (red) and divides into the right and left
pulmonary arteries (blue). B. In a 1-year-old girl, color-coded volume-rendered CT image with inferior view demonstrates truncus arteriosus type
2, in which the right and left pulmonary arteries (blue) originate separately but close together directly from the posterior aspect (arrows) of the

common arterial trunk (red).
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Fig. 4. Absent pulmonary valve syndrome in a 4-month-old girl.

A. Axial CT image with maximum intensity projection demonstrates the dilated right (R) and left (L) pulmonary arteries. B. Coronal CT image with
minimum intensity projection shows central airway narrowings, most severely involving the left main bronchus (arrow) compressed by the dilated
proximal branch pulmonary arteries. Hyperlucent lung areas due to air trapping are also noted.

Fig. 6. Partial anomalous pulmonary venous return in a
5-month-old boy. Volume-rendered CT image with posterior view
demonstrates that the LUPV anomalously drains into the innominate
vein, whereas the other pulmonary veins are normally connected to
the left atrium. Notably, the LLPV is diffusely small. LLPV = left lower
pulmonary vein, LUPV = left upper pulmonary vein, RLPV = right lower
pulmonary vein, RUPV = right upper pulmonary vein

Fig. 5. Left pulmonary artery sling in a 6-month-old girl. Color-
coded volume-rendered CT image with posterior view demonstrates
left pulmonary artery sling (asterisks) and congenial tracheal stenosis

(white).
or mixed type is suspected on echocardiography, the upper
vena cava. abdominal region should be included in the scan range for
In total anomalous pulmonary venous return (TAPVR), cardiothoracic CT.
which is commonly associated with right atrial isomerism Anomalous pulmonary venous returns are frequently

[23], the anomaly is classified into the supracardiac, cardiac  associated with atrial septal defect or patent foramen ovale
(Fig. 7), infracardiac, and mixed types based on the location  [23,24]. Notably, CT is commonly used to identify PAPVR
of the anomalous drainage [23,24]. When the infracardiac associated with sinus venosus defect (Fig. 8). PAPVR, or
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rarely TAPVR, is one of anomalies constituting scimitar
syndrome, which commonly involves the right lung [23].
(T is frequently used for the accurate and prompt
diagnosis of congenital pulmonary vein obstruction
[23,25,26]. Unilateral pulmonary vein atresia is usually
asymptomatic and incidentally detected in most cases.
In contrast, bilateral pulmonary vein atresia or common

pulmonary vein atresia, although extremely rare, cannot be
distinguished from obstructive TAPVR clinically, but it can
be accurately diagnosed with CT [26].

Fig. 7. Cardiac total anomalous pulmonary venous return in
a 3-month-old boy. Volume-rendered CT image with posterior view
reveals that all pulmonary veins anomalously drain into the dilated
coronary sinus (asterisk).

Fig. 9. Isolated pulmonary vein stenosis in a 5-momth-old girl.

Korean Journal of Radiology

CT is also useful for evaluating postoperative residual or
recurrent pulmonary vein stenosis or occlusion (Fig. 9).

Aorta

Congenital anomalies of the aorta may occur in isolation
or more commonly with other cardiac defects (especially
involving the conotruncal region) and chromosomal
abnormalities [27].

Supravalvular aortic stenosis may occur in association

with or without Williams syndrome, and it may show

Fig. 8. Partial anomalous venous return and sinus venosus
atrial septal defect in a 27-year-old woman. Transverse volume-
rendered CT image shows that the RUPV anomalously drains into the
RA, whereas the LLPV normally drains into the LA. A sinus venosus
atrial septal defect (asterisk) is also seen. LA = left atrium, LLPV = left
lower pulmonary vein, LV = left ventricle, RA = right atrium, RUPV =
right lower pulmonary vein, RV = right ventricle

A, B. Oblique coronal (A) and oblique axial (B) CT images reveal focal stenosis (arrows) of the left pulmonary yeins at the atrio-pulmonary
venous junctions. LA = left atrium, LV = left ventricle, RA = right atrium, RV = right ventricle
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a discrete narrowing (mimicking hourglass deformity),

multiple stenoses, or diffuse hypoplasia on CT (Fig. 10) [28].

Coronary artery abnormalities, including ostial stenosis,
diffuse stenosis, dilatation, and inflow obstruction by the
aortic valve, the sinotubular ridge, or a combination of
both, may be identified on CT [29]. CT is also useful for
evaluating post-aortoplasty outcomes [30].

Coarctation of the aorta may present as a discrete
juxtaductal stenosis, tubular arch hypoplasia, or a
combination of both (Fig. 11) [31]. Interrupted aortic
arch, defined as the loss of luminal continuity between
the ascending and descending aorta, is divided into type A
(distal to the left subclavian artery; most common in Asia),
type B (between the left subclavian artery and left common
carotid artery; most common in West), and type C (between
the left common carotid artery and innominate artery; rare)
according to the location of the interruption in the left
arch [32]. In these two anomalies, CT can provide detailed
aortic arch morphology, left ventricular outlet obstruction
associated with posterior malalignment ventricular septal
defect, combined cardiovascular defects, and the absence
of the thymus in cases of DiGeorge syndrome [31,32].
Additionally, CT is useful for identifying post-treatment
complications such as residual or recurrent aortic stenosis,
dissection, and pseudoaneurysm (Fig. 12) [31,32].

A vascular ring encircling the trachea and esophagus may

Fig. 10. Supravalvular aortic stenosis in a 13-year-old boy.
Volume-rendered CT image demonstrates discrete supravalvular aortic
stenosis (arrows) and the dilated and tortuous left coronary artery. In
contrast, the right coronary artery is barely seen (arrowheads).
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cause variable degrees of compression leading to respiratory
symptoms and/or dysphagia [33]. The double aortic arch
and the right aortic arch with an aberrant left subclavian

Fig. 11. Coarctation of the aorta in a 23-year-old man with
systemic hypertension. Volume-rendered CT image with lateral
view shows a discrete juxtaductal narrowing (arrow) and the mildly
hypoplastic isthmus. Post-stenotic dilatation of the proximal
descending aorta and dilated collateral arteries around the aortic
lesion are noted.

Fig. 12. Coarctation of the aorta in a 5-year-old girl who
underwent balloon angioplasty. Volume-rendered CT image with
oblique sagittal view performed 1 year after angioplasty demonstrates
a pseudoaneurysm (arrow).

https://doi.org/10.3348/kjr.2020.1332 kjronline.org
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artery are the two most common vascular rings. CT is the
imaging modality of choice for evaluating vascular airway
compression and associated tracheomalacia [34-36]. In a
double aortic arch, the right arch is commonly larger and
higher than the left arch (Fig. 13). Less frequently, a distal
portion of the smaller arch may be stenotic or atretic [37].
In an aberrant left subclavian artery, a PDA or ligamentum
arteriosum completes the vascular ring. At its proximal
portion, the Kommerell diverticulum may compress the
adjacent airway and esophagus directly.

A persistent fifth aortic arch rarely originates from the
distal ascending aorta, which is proximal and opposite to
the ostium of the innominate artery and connects to the
descending aorta. Typically, a persistent fifth aortic arch
traverses under the normally developed fourth aortic arch,
and these two arches show a superior-inferior relationship.
Both arches may be patent (double-barreled or double-
lumen aorta) or the superior arch may show atresia or
interruption (Fig. 14) [38,39].

Rarely, pseudocoarctation demonstrates elongation and
kinking of the aorta without a significant pressure gradient
across the lesion or increased collateral circulation. Patients
are usually asymptomatic, and they are followed up for a
mild aortic coarctation. CT evaluation may be requested
when significant flow acceleration is observed across this
anomaly on Doppler echocardiography (Fig. 15) [40].

Fig. 13. Double aortic arch in a 6-month-old boy with
persistent stridor since birth. Superior volume-rendered CT image
shows double aortic arch with a dominant right arch. A bronchoscopy
demonstrates tracheomalacia with abnormal vascular pulsation from
the posterior wall.
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CT may be used for the morphologic evaluation of a PDA
before ductal stent placement in patients with ductal-
dependent CHDs, such as tetralogy of Fallot and functional
single ventricle with severe pulmonary stenosis or atresia
and hypoplastic left heart syndrome (Fig. 16) [41]. CT
may be useful for a tortuous or complex PDA that is not
clearly delineated on echocardiography [42]. Moreover, CT
may be used to detect stent-related complications, such
as branch pulmonary artery narrowing, aortic narrowing,
stent migration, and in-stent thrombosis. Similarly, CT
may be used to assess complications after ductal device
closure, such as device embolization or protrusion into the
adjacent vasculature. Virtual angioscopy may help visualize
an occlusion device from the inside from the aortic and
pulmonary sides [43]. Of note, beam-hardening artifacts
caused by the ductal implants may make accurate CT

Patent Ductus Arteriosus

assessment difficult.

Coronary Artery

The use of pediatric coronary CT angiography is
increasing due to improvements in coronary artery visibility
[44-48]. Because young children have high heart rates
and a limited ability to follow CT instructions, optimized

Fig. 14. Persistent fifth aortic arch in an 11-day-old girl.
Volume-rendered CT image reveals coarctation (arrow) of a persistent
fifth aortic arch and a type A interrupted fourth aortic arch.
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Fig. 15. Pseudocoarctation in an 18-year-old woman with Turner syndrome. A series of sagittal volume-rendered CT images of the
aorta show the tortuous, elongated distal aortic arch with mild narrowing, which is consistent with pseudocoarctation. Cardiac catheterization
confirmed no significant pressure gradients across the narrowing.

Fig. 16. Various origins of patent ductus arteriosus from the aorta.

A. Oblique coronal volume-rendered CT image obtained from a 28-day-old boy with tricuspid atresia and pulmonary atresia, shows a patent
ductus arteriosus (arrow) originating from the distal aortic arch immediately distal to the left subclavian artery origin. B. Oblique coronal
volume-rendered CT image obtained from a 7-day-old boy with pulmonary atresia and atrioventricular septal defect demonstrates a patent ductus
arteriosus (arrow) arising from the proximal aortic arch opposite to the left common carotid artery origin. Various origins and courses of patent
ductus arteriosus reflect the effect of ductal flow during fetal life on the development of ductal tissue. Accurate evaluation of morphologic
features depicted on CT imaging helps plan ductal stent placement.

imaging techniques are important to evaluate coronary incidence of coronary artery anomalies associated with
arteries [6,49]. tetralogy of Fallot has been reported to be 8.5-12.7%;
Compared with that in the general population, the the proportion of significant anomalies crossing the
prevalence of coronary artery anomalies is higher anterior aspect of the right ventricular outflow tract was
(approximately 5-10%) in patients with CHD, and most 55.6-62.3% (Fig. 17) [51,52]. CT showed a high diagnostic
of them are closely related to surgical techniques used accuracy of 91.7% for identifying various patterns of
for specific CHD, most commonly tetralogy of Fallot and coronary artery anatomy before arterial switch operation
transposition of the great arteries [10,50]. The CT-based in transposition of the great arteries [53]. Ventriculo-
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coronary arterial communications are often observed in
pulmonary atresia with an intact ventricular septum may
lead to a right ventricle-dependent coronary circulation
[54]. This fistulous connection can be identified on CT
[55]. An anomalous origin of the left coronary artery from
the pulmonary artery is a significant cause of acute heart
failure in infants [56]. CT can be used to confirm the
anomaly when echocardiographic findings are inconclusive
[49]. The anomalous origin and course of the coronary
arteries may lead to myocardial ischemia and sudden
cardiac death, and a detailed morphologic spectrum of the
anomaly can be accurately evaluated with CT for surgical
planning [57]. Although an anomaly, such as high take-off
coronary artery, may initially be hemodynamically minor, it
may be considered as hemodynamically significant during
cardiothoracic surgical or interventional procedures [10,58].
In addition, the coronary arteries may be compressed by
adjacent anatomic structures or therapeutic implants.

Systemic Vein

The prevalence of a persistent left superior vena cava is
higher in patients with CHD (up to 10%) than in the normal
population (up to 0.5%) and much higher in patients with
heterotaxy syndrome (up to 60-70%) [59]. A persistent

Fig. 17. Surgically significant coronary artery anatomy in a

3-month-old boy with tetralogy of Fallot. Volume-rendered CT
image shows a left anterior descending artery (arrows) crossing the
right ventricular outflow tract.
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left superior vena cava drains into the right atrium through
a dilated coronary sinus. It may complicate catheter or
pacemaker lead placement. Coronary sinus ostial atresia may
be associated with a persistent left superior vena cava, and
preoperative CT recognition of this rare anomaly is critically
important in patients with a single functional ventricle [60].
The presence and size of a bridging vein between bilateral
superior vena cavae should be noted on CT when planning a
bidirectional cavopulmonary shunt.

A levoatriocardinal vein is a form of pulmonary systemic
connection most commonly observed in patients with left
heart obstructive lesions [61]. It is important to differentiate
a levoatriocardinal vein from more commonly encountered
mimics, such as a vertical vein in an anomalous pulmonary
venous return, a persistent left superior vena cava, and a
dilated left superior intercostal vein [61]. Although the
variant has no functional importance, a subaortic left
innominate or brachiocephalic vein needs to be distinguished
from the pulmonary artery and persistent left superior vena
cava on preoperative CT in patients with CHD [62].

Interrupted inferior vena cava with azygos continuation
is frequently (83%) observed in patients with left atrial
isomerism [63]. In these patients, pulmonary arteriovenous
malformations may be detected on CT in a lung with a
deficient hepatic venous flow [64]. Separate hepatic venous
drainage is often associated with heterotaxy syndrome (more
frequently in right atrial isomerism), and it typically makes
Fontan completion technically more difficult [65].

Cardiothoracic CT may be used to identify and monitor
catheter-related thrombosis or stenosis in central thoracic
veins in patients with CHD (Fig. 18), as demonstrated using
CT venography in adults [66].

Ventricle

The morphologic left or right ventricle can be determined
based on the presence of the moderator band, the degree
of the trabeculations, and the septal attachment of the
atrioventricular valve on CT [67]. In addition, abnormal
ventriculoarterial and atrioventricular connections, such as
a double-outlet right ventricle, discordant connections, a
double-inlet left ventricle, and twisted connections, can be
assessed with CT [8,67]. Clinically meaningful obstruction of
the left or right ventricular outflow tract should be evaluated
on end-systolic phase CT showing a minimal dimension
[5,7]. In a double-chambered right ventricle, CT can reveal
anomalous muscle bundles leading to the abnormal division
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Fig. 18. Catheter-related systemic vein stenosis in a 3-month-
old boy who underwent patch closure of ventricular septal
defect and direct closure of patent foramen ovale. Coronal CT
image reveals a focal stenosis (long arrow) at the junction between
the superior vena cava and the RA. A contrast jet though the stenosis
is seen in the RA. Undiluted contrast agent is opacified in the left
pericardiacophrenic vein (short arrows), as a collateral vein, from the
left brachiocephalic vein. A = ascending aorta, LV = left ventricle,

RA = right atrium

of the right ventricle into a high-pressure inlet and a low-
pressure outlet [68]. Pseudoaneurysm of the right ventricular
outflow tract at the site of patch widening, as a rare
postoperative complication, may be detected on CT after

a total correction of tetralogy of Fallot [69]. A congenital
cardiac ventricular diverticulum is rarely (3.4% for the left
ventricle and 0.6% for the right ventricle) diagnosed using
CT [70]. An apical diverticulum of the left ventricle and
ectopia cordis may present in association with pentalogy of
Cantrell [71]. Cardiothoracic CT may be used to characterize
the type, size, number, and location of a ventricular septal
defect [72]. In a double-outlet right ventricle, CT can show
the intracardiac three-dimensional (3D) spatial relationships
between a ventricular septal defect and the valves essential
for surgical planning (Fig. 19) [73,74]. The transparent-
lumen volume-rendering technique is useful for illustrating
3D morphologic features, especially the muscular type, of
ventricular septal defects [75].

The degree of ventricular enlargement and hypertrophy
resulting from volume and pressure loadings can be
evaluated qualitatively on CT. Myocardial infarction may be
demonstrated using myocardial delayed-enhancement CT

1406
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Fig. 19. Double-outlet RV with a ventricular septal defect in a
9-day-old girl. Oblique coronal transparent-lumen volume-rendered
CT image with frontal cut demonstrates that a ventricular septal
defect (asterisk), committed to the aortic valve and the outlet septum
(arrow), is fused to the left margin of the ventricular septal defect.

A short muscular subaortic stenosis is noted. A = ascending aorta,

P = pulmonary trunk, RA = right atrium, RV = right ventricle, VIF =
ventriculoinfundibular fold

imaging [76]. Furthermore, quantitative measures, including
ventricular volume (Fig. 20A), myocardial mass (Fig.

20B), and myocardial strain, can be evaluated using CT in
patients with CHD [77-82]. Based on a combined evaluation
of CT-measured ventricular volume and mass, ventricular
remodeling patterns, such as adaptation and maladaptation,
may be assessed quantitatively [83].

Atrium

Unlike in other cardiovascular structures, it is challenging
to obtain homogeneous contrast enhancement in the right
atrium [84,85]. Slow injection of a contrast agent with a
generous delay may help obtain homogeneous right atrial
enhancement.

An atrial septal defect is classified into four types,
including the secundum, primum, sinus venosus, and
coronary sinus types. The secundum is the most common
type, whereas the coronary sinus type is the rarest. The
sinus venosus type is further divided into superior and
inferior subtypes depending on whether the defect is close
to the superior vena cava or inferior vena cava, respectively
(Fig. 8). The coronary sinus type or unroofed coronary sinus
is commonly associated with a persistent left superior vena

https://doi.org/10.3348/kjr.2020.1332 kjronline.org
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Fig. 20. Quantification of ventricular volume and myocardial mass in a 10-year-old girl with repaired tetralogy of Fallot.

A, B. Short-axis CT images obtained at the end-diastolic phase and the mid-ventricular level show the mildly enlarged RV (98.6 mL/m? of
body surface area) with mild right ventricular hypertrophy (25.7 g/m? of body surface area). The right ventricular cavity (pink in A) and right
ventricular myocardial mass (purple in B) were segmented using a three-dimensional threshold-based approach. LV = left ventricle, RV = right
ventricle

cava [86,87]. Echocardiography is the mainstay diagnostic
modality for evaluating atrial septal defect, particularly in
the secundum and primum defects, because the interatrial
septum is thin, and it may not always be discernible on
CT. CT is mainly useful for the sinus venosus type, and
it facilitates the determination of the subtype and the
associated PAPVR, which is useful for surgical planning
(closing an atrial septal defect and rerouting anomalous
pulmonary venous flow into the left atrium [LA]). PAPVR
commonly associated with the sinus venosus type of atrial
septal defects may be missed on echocardiography. CT is
also useful for delineating the location and extent of the
coronary sinus type [88].

Cor triatriatum sinister is characterized by the division of
the LA into proximal and distal chambers by a fibromuscular
membrane located superior to the left atrial appendage -

[89]. The atrial septal defect, PAPVR, and mitral valvular Fig. 21. Cor triatriatum sinister in a 4-year-old boy with
disease are Common[y associated with this anoma[y‘ CT double-outlet right ventricle. Axial CT image shows a membrane
(arrows) dividing the left atrium into a PC and a DC. The pulmonary

can depict the size and numbers of fenestrations in the veins are connected to the PC and the left atrial appendage is

fibromuscular membrane and its associated anomalies (Fig. connected to the DC. DC = distal chamber, PC = proximal chamber
21) [90]. Because of the similar morphological and clinical

characteristics, this anomaly should be distinguished from (upstream), receiving vena caval flow and coronary

the supramitral valve ring, in which the obstructive ring is sinus drainage, and an anterior chamber (downstream),
located inferior to the left atrial appendage. containing the right atrial appendage and connecting the

Cor triariatum dexter is a rare anomaly in which the right ~ tricuspid valve [91].
atrium is divided into upstream and downstream chambers

by a fibromuscular band. Imaging reveals a membrane Airway and Lung
coursing from the inferior vena cava to the superior vena
cava, separating the right atrium into a posterior chamber (T is the imaging modality of choice for evaluating airway
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anomalies and abnormalities commonly associated with CHD
[92]. Vascular airway compression is frequently observed
before and after cardiac surgery. The left main bronchus is
frequently compressed between the descending thoracic
aorta and a portion of the pulmonary artery and commonly
associated with aortic arch repair [93]. The trachea is
typically compressed by vascular rings and slings, including
a double aortic arch (Fig. 14), right aortic arch with an
aberrant left subclavian artery with or without Kommerell
diverticulum, and pulmonary artery sling (Fig. 5) [94].
Tracheobronchomalacia, typically secondary to long-standing
extrinsic vascular compression, can be detected with cine
or four-dimensional CT [35,36,95]. Airway anomalies, such
as tracheal bronchus [96], congenital tracheal stenosis (Fig.
5) [97], and bridging bronchus [22], are more frequently
observed in patients with CHD, and they can be depicted
accurately on CT. In heterotaxy syndrome, the anatomical
relationship between the upper lobe bronchus and the
pulmonary artery, which is the eparterial or hyparterial
bronchus, on CT is useful for determining atrial situs [67,72].
CT can provide unprecedented lung imaging. In
scimitar syndrome, various degrees of lung hypoplasia are
associated with cardiac defects, most commonly ASD [98],
and rarely the horseshoe lung, characterized by the fusion
of the right and left lower lobes across the midline of the
body [99]. Upper and lower airway obstructions frequently
result in air trapping in young children with CHD. The
extent of air trapping can be accurately identified
on expiratory-phase CT imaging using mechanical or
controlled ventilation with passive breath-holding at end-
expiration [95,100] or the less invasive cine imaging
technique during free breathing [101].

Heterotaxy Syndrome

Heterotaxy syndrome is a complex anomaly presenting
with various congenital defects, including CHD and abnormal
organ positions. This syndrome has two major categories
consisting of bilateral right-sidedness and bilateral left-
sidedness; the latter is rarer than the former. Using
segmental analysis on CT, various abnormalities observed as
part of this syndrome can be characterized [102,103].

In addition to the thorax, we should include the
abdomen in the scan range of initial cardiothoracic CT
to assess abdominal situs when abdominal sonography
is not performed and planned for this assessment. The
abdominal situs is likely ambiguous if a midline gallbladder
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is identified, and a horizontal liver and no spleen constitute
the rule, which is consistent with asplenia syndrome closely
associated with right atrial isomerism. In contrast, patients
with polysplenia syndrome or left atrial isomerism usually
have multiple small spleens and interrupted inferior vena
cava with azygos continuation.

The morphologic characteristics of the atrial
appendages are keys to determining the atrial situs [67].
Bronchopulmonary morphology on CT can also be used to
suggest atrial situs: bilateral short and trifurcated bronchi
with three lung lobes in right atrial isomerism and bilateral
long and bifurcated bronchi with two lung lobes in left
atrial isomerism.

When a bridging vein between the bilateral superior vena
cavae is small or absent, cavopulmonary connections should
be performed on both sides. TAPVR is commonly associated
with right atrial isomerism. In heterotaxy syndrome, a
morphological right ventricle is usually dominant, whereas a
morphological left ventricle is generally underdeveloped.

Most patients with heterotaxy syndrome end up with a
staged single ventricular repair [104]. Before and after
surgical or interventional treatment, the adequacy of
pulmonary flow can be monitored and quantified using
CT [105]. To avoid heterogeneous enhancement in a
Fontan pathway mimicking vascular stenosis or thrombosis
after Fontan operation, contrast enhancement protocols
should be carefully optimized [84,106]. Moreover, CT can
demonstrate systemic venous collaterals between the
upper and lower body parts as well as the systemic arterial
collaterals to the lungs, which indicates the elevation of the
pulmonary arterial pressure often leading to Fontan failure
[107]. Systemic to pulmonary venous collaterals leading to
arterial desaturation may also be identified on CT (Fig. 22)
[108]. However, cardiac MRI is more frequently used for the
comprehensive evaluations of the Fontan pathway.

Valve

CT is not used as a primary diagnostic imaging method
for evaluating cardiac valves mainly due to its insufficient
temporal and spatial resolutions and high radiation
exposure required for data acquisition throughout the entire
cardiac cycle. Nevertheless, CT may be used for morphologic
and functional assessments of cardiac valves in patients
with CHD [109]. The number of the semilunar valve leaflets
may be evaluated on CT. Valve thickening and doming with
restricted opening on CT suggest the presence of valvular
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stenosis (Fig. 23). In valvular insufficiency, valve cusps fail
to coapt during diastole. In muscular pulmonary atresia, the
sizable infundibulum and the distance between the main
pulmonary artery and the infundibulum can be accurately
assessed with CT. CT may be used for the postsurgical

Fig. 22. Systemic to pulmonary venous collaterals in a 10-year-
old girl with desaturation who underwent Fontan operation.
Volume-rendered CT image with oblique posterior view shows dilated
systemic venous collaterals (blue) draining into the LA directly or via
the pulmonary veins (arrows). After the coil embolization of these
systemic to pulmonary venous collaterals, oxygen saturation was
increased. The patient has dextrocardia and a right aortic arch. LA =
left atrium

Fig. 23. Valvular pulmonary stenosis in a 4-day-old boy.

Korean Journal of Radiology

comprehensive assessment of prosthetic heart valves
[110]. In children, longitudinal coverage of multi-phase
CT scanning should be minimized to reduce CT radiation
dose (Fig. 24). CT can be used for evaluating commissural
malalignment of the semilunar valves in patients with
transposition of the great arteries frequently requiring

modified coronary transfer techniques during an arterial

3\40

Fig. 24. CT assessment of prosthetic valve motion in a 14-year-
old boy with tetralogy of Fallot who underwent total correction
and pulmonary valve replacement.

A, B. Oblique coronal diastolic (A) and systolic (B) unenhanced CT
images obtained with a minimal longitudinal scan range demonstrate
a bi-leaflet prosthetic pulmonary valve (arrows) with the valve in
closed (A) and open (B) position. Two leaflets show severely limited
opening during systole (B), which is more severe on the right side.
Based on the CT finding, urokinase was administered for 72 hours to
treat the prosthetic valve malfunction.

A, B. Oblique axial (A) and oblique sagittal (B) CT images show thickening and doming of the pulmonary valve leaflets (arrows) and restricted

valve opening (asterisks) during systole.

kjronline.org https://doi.org/10.3348/kjr.2020.1332
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Fig. 25. RV-PA conduit in a 14-year-old boy with transposition of the great arteries, ventricular septal defect, and pulmonary

stenosis who underwent Rastelli operation.

A. Sagittal CT image shows extensive calcific degeneration of an RV-PA conduit (asterisks). Pacing wire is noted (arrows). B. Short-axis CT image
shows proximity of the left coronary artery (arrow) and the conduit. PA = pulmonary artery, RV = right ventricle

switch operation [111].

The anatomic and functional assessment of the
atrioventricular valves in CHD is primarily performed with
echocardiography. A muscular type of tricuspid or mitral
atresia can be observed on CT [7], but a membrane type of
atrioventricular valve atresia may not be distinguished from
the non-atretic atrioventricular valve on CT. In addition,
detailed morphologic features of atrioventricular valve
abnormalities in the atrioventricular septal defect cannot
be evaluated with CT. In a hypoplastic ventricle, CT-based
morphometric measures (i.e., diameter and area) of the
small atrioventricular valve annulus may be used to plan an
optimal surgical strategy [112]. The displaced and tethered
tricuspid valve in Ebstein anomaly may be identified on CT
[7,8]. Volumetric severity assessment using CT was recently
reported to be feasible and useful for characterizing various
phenotypes of this anomaly [113].

Vascular Shunt, Conduit, Baffle, and Vascular
Stent

Cyanotic CHDs are commonly associated with small
pulmonary artery size and flow. Therefore, a palliative
procedure is performed to promote pulmonary arterial
growth before corrective surgery. In this respect, a vascular
shunt is commonly created for that purpose by connecting
the aorta (a central shunt) or its branch (usually the
subclavian artery; a modified Blalock-Taussig shunt) to the
pulmonary artery. CT is useful for monitoring pulmonary
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Table 1. Contemporary Clinical Applications of Pediatric
Cardiothoracic CT

Essential

Evaluation of extracardiac vasculatures

Airway and lungs

Mediastinum and bony thorax

Vascular shunt, stent, and conduit

Comorbid anomalies associated with heterotaxy
syndrome

Postoperative complications

Pericardium

Intracardiac structures

Coronary artery

Valvular morphology and motion

Quantitative and functional analysis

Surgical/interventional simulation

Myocardial perfusion and infarction

Diaphragm

Optional

Typically, the essential evaluations are almost always included

in every cardiothoracic CT examination and can be promptly
completed, while the optional evaluations are performed as needed
and take more time and effort.

arterial growth and evaluating potential complications,
including shunt thrombosis or stenosis, calcified wall graft,
seroma around the shunt, and retraction and stenosis of the
pulmonary artery around the shunt insertion [114].

A conduit and a baffle are used for redirecting blood flow
in complex CHD. A conduit (frequently containing a valve)
is used for extracardiac rerouting of blood flow in outflow
tract or semilunar valve obstruction, whereas a baffle
is used for intracardiac flow rerouting [115]. A conduit
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connecting the right ventricle and the pulmonary artery, the
so-called Rastelli procedure, is commonly used for tetralogy
of Fallot with pulmonary atresia, transposition of the great
artery, and severe left ventricular outflow tract obstruction.
In addition to the evaluation of conduit patency and
complications, CT may be used for evaluating retrosternal
proximity of the conduit and close proximity of the conduit
to the coronary artery to prevent serious vascular injury
during redo surgery or interventional treatment (Fig. 25).
For evaluating an implanted vascular stent, CT is
the imaging method of choice [116] because MRI is
considerably limited in assessing vascular stents due to
ferromagnetic metallic artifacts.

Summary

To achieve appropriate managements for patients with
CHD, anatomical and hemodynamic information is necessary.
Currently, CT can provide accurate anatomical information
and some quantitative information quickly, which is useful
for expeditious management decisions. Advanced 3D
visualization techniques, such as augmented reality, virtual
reality, and 3D printing, using 3D cardiothoracic CT data
have been widely used in CHD for education, preprocedural
planning and simulation, procedural guidance, and
development of new insights in embryology and pathology
of complex cardiac defects [75,117]. This comprehensive
review includes a wide spectrum of contemporary organ-
based clinical applications of pediatric cardiothoracic CT for
different types of CHD (Table 1). The organ-based approach
demonstrated in this review is more effective and more
practical in evaluating CHD cases in which the primary
diagnosis is typically made with echocardiography. Pediatric
cardiothoracic CT is typically requested to specify which
organs need to be assessed. In this regard, CT provides
complimentary but important information about cardiac and
extracardiac structures, which cannot be clearly answered
using echocardiography or catheter angiography.
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