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Pulmonary stenosis 

Pulmonary stenosis (PS) accounts for 
8%–12% of CHDs,40 with valvular PS the 
most common type (Figure 7). The pulmo-
nary valve has thickened leaflets, and the 
commissures may be absent or fused. In 
most patients, the pulmonary valve appears 
dome shaped. Severe PS is associated with 
right ventricular and infundibular muscle 
hypertrophy.39 Critical PS is the most serious 
type of PS, resulting in inadequate pulmo-
nary blood flow, and is seen in 10%–20% of 
patients. Dysplastic pulmonary valve is as-
sociated with Noonan syndrome.53 Tricuspid 
atresia, tetralogy of Fallot (ToF), and trans-
position of the great arteries (TGA) may ac-
company PS. Alagille, Williams, and congen-

ital rubella syndromes are associated with 
peripheral-type PS.54 

Aortic coarctation 

CoA accounts for 5%–8% of CHDs (Figure 
8),55 and may occur in isolation or in associ-
ation with other cardiovascular anomalies, 
such as bicuspid aortic valve (50%–75%), aor-
tic arch hypoplasia, subaortic stenosis, mitral 
valve abnormalities, AVSDs, and PDAs.56 CoA 
is generally sporadic and may be accompa-
nied by extracardiac anomalies. Cerebral 
aneurysms are observed in 2.5%–10% of 
patients with CoA.57 Preductal CoA occurs 
proximal to the DA and is typically seen in 
newborns.58 Moreover, preductal CoA is the 
most common type of coarctation in Turner 

syndrome.59 Postductal coarctation, howev-
er, typically occurs after the neonatal period 
and is anatomically located distal to the in-
sertion of the DA. Patients with postductal 
coarctation are generally asymptomatic and 
are diagnosed based on decreased femoral 
artery pressure and systemic arterial hyper-
tension.56 

Interrupted aortic arch 

Interrupted aortic arch is a rare congenital 
anomaly, with an incidence of approximately 
2 in 100,000.60 It is characterized by the com-
plete absence of connection between the 
ascending and descending aorta and may be 
connected by a remnant fibrous band. Blood 
flow to the descending aorta is usually via a 

Figure 6. Axial (a) and sagittal reformatted (b) computed tomography angiography images of a 6-day-old female patient showing supravalvular diffuse aortic 
stenosis (white arrows).

Figure 7. In the axial cardiac computed tomography angiography image (a) of a 6-year-old girl, stenosis (black arrow) and poststenotic dilatation (star) at the 
pulmonary valve level are observed. In the three-dimensional volume rendered image (b), poststenotic dilatation is seen more clearly (white arrow).
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PDA. Interrupted aortic arch clinically resem-
bles CoA, but the underlying mechanisms are 
thought to be different.61 Interrupted aortic 
arch is classified into three types (A, B, and C) 
based on the location of the aortic interrup-
tion relative to the arch vessels. Type A occurs 
when the interruption is distal to the left sub-
clavian artery (Figure 9), type B when it is be-
tween the carotid and subclavian arteries, and 
type C when it is between the carotid arteries. 
Subtypes are classified based on the normal 
or abnormal origin of the right subclavian 
artery. In the normal origin of the right sub-
clavian artery (subtype 1), the aberrant right 
subclavian artery originates distally from the 
left subclavian artery (subtype 2), and the iso-
lated right subclavian artery originates from 

the right DA (subtype 3).62 Interrupted aortic 
arch is typically associated with a large VSD or 
PDA or, less commonly, with an aortopulmo-
nary window or truncus arteriosus (TA).61 

Cyanotic heart defects: conditions and im‑
aging considerations

ToF is the most common cyanotic CHD, 
occurring in approximately 1 in 3,600 live 
births.63 There are four anatomical features: 
a VSD, an overriding aorta, a pulmonary out-
flow tract obstruction, and right ventricular 
hypertrophy (Figure 10).64 Anterior deviation 
of the conal septum and infundibular hypo-
plasia cause pulmonary outlet obstruction. 
The primary problem in ToF is the inade-
quate development of the pulmonary infun-

dibulum,64 and the pulmonary valve is often 
abnormal. In patients with atresia, pulmo-
nary blood flow is maintained via a PDA. The 
VSD is typically located in the membranous 
septum. In the variant of ToF with absent 
pulmonary valve, RV and pulmonary arterial 
dilatation are observed. When ToF is accom-
panied by an ASD, it is named Fallot’s penta-
logy. The degree of pulmonary regurgitation 
plays a key role in ToF follow-up (Figure 11).65 
In particular, quantification of RV volumes 
and function using CMR is indispensable for 
treatment protocols.66 

Transposition of the great arteries 

TGAs refers to a condition in which the 
aorta originates from the RV and the main 

Figure 8. A 10-day-old male patient: sagittal computed tomography angiography image (a) showing a coarcted segment (white arrow) and patent ductus arteriosus 
at the level of the aortic isthmus (black arrow). In the three-dimensional volume rendered image (b), the coarcted segment can be clearly seen (white arrow).

Figure 9. A 19-year-old male patient diagnosed with interrupted aortic arch (Type A): the aortic arch is normal (black arrows) in the sagittal reformatted computed 
tomography angiography image (a) and three-dimensional volume rendered image (b), but an interruption is observed between the descending aorta (white 
arrows) and the left subclavian artery distal to it. Numerous collateral vascular structures draining into the descending aorta are observed (black stars).
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pulmonary artery originates from the LV 
(ventriculoarterial discordance).67 The most 
common form is known as complete transpo-
sition and is often referred to as dextro-TGA 
or d-loop TGA (Figure 12). Complete trans-

position is characterized by AV concordance 
(the LV is connected to the left atrium and the 
pulmonary artery, whereas the RV is connect-
ed to the right atrium and the aorta). Con-
genital corrected TGA, also known as l-loop 

or L-TGA, is characterized by AV discordance 
(the left atrium is morphologically connected 
to the RV, and the right atrium is morpholog-
ically connected to the LV).68 The incidence of 
TGA is 1 in 2,000 to 5,000 live births.63,69 TGAs 

Figure 10. Male patient diagnosed with 2-day-old tetralogy of Fallot: dextroposed aorta is observed in a coronal computed tomography angiography (CTA) image 
(a) (black arrow), pulmonary trunk hypoplasia (star) and notable stenosis in the left pulmonary artery root (black arrow) in an axial CTA image (b), perimembranous 
ventricular septal defect (black star) in an axial CTA image (c), and patent ductus arteriosus in a three-dimensional volume rendered image (d) (white arrow). 

Figure 11. Control cardiac magnetic resonance image of a 62-year-old male patient who underwent surgery for tetralogy of Fallot 40 years ago: phase contrast flow 
examination (a) showing notable insufficiency findings in the pulmonary valve. Calculations made from the pulmonary valve (b) show a 51% regurgitation fraction 
in the pulmonary valve.
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accounts for 5% to 7% of CHDs and 10% of all 
neonatal cyanotic CHDs.70 A VSD is the most 
common associated anomaly (50%), and an 
ASD and PDA may also be present. It is the 
cyanotic CHD that presents with the earliest 
findings in newborns. Thoracic CTA is a highly 
useful imaging modality for diagnosis, as it 
can be performed rapidly and provides eval-
uation of vascular structures and surrounding 
tissues. Moreover, CMR can be used preoper-
atively to measure LV mass, function, and vol-
ume and to assess associated anomalies.67 

Truncus arteriosus 

TA is a rare cyanotic CHD in which a single 
common trunk emerges from the heart in-
stead of the aorta and pulmonary artery.71 A 
VSD is always present, and the atria and ven-
tricles are usually normal.72 TA accounts for 
1% to 2% of CHDs,62 and is associated with 

DiGeorge syndrome. It is classified into sub-
types according to the Collet and Edwards 
classification. In Type I (50%–70%), the pul-
monary trunk arises from the common trunk 
and divides into the right and left pulmonary 
arteries (Figure 13). In Type II (30%–50%), the 
right and left pulmonary arteries arise sepa-
rately from the posterior portion of the com-
mon trunk. In Type III (6%–10%), the pulmo-
nary arteries arise from the lateral aspect of 
the common trunk.69 In Type IV, pulmonary 
atresia (PA) is present and may be accom-
panied by VSDs, PDA, and major aortopul-
monary collateral arteries (MAPCAs). In the 
revised classification by Van Praagh, Type IV 
is not considered a subtype of TA but rather a 
variant of PA.64 Patients are initially asympto-
matic due to high pulmonary vascular resist-
ance but begin to develop symptoms as pul-
monary vascular resistance decreases over 

several weeks.72 Cyanosis is typically minimal 
but increases as pulmonary artery stenosis 
becomes more pronounced.73 Preoperative 
CT or MRI is generally helpful in distinguish-
ing the branching of the pulmonary arteries 
and the presence of MAPCAs, pulmonary 
venous drainage, aortic arch anomalies, and 
complex anatomy in the newborn.74 

Double outlet right ventricle 

Double outlet RV (DORV) is a CHD in which 
both the aorta and the pulmonary trunk orig-
inate from the RV (Figure 14),75 and a VSD is 
always present. Classification is based on 
the relationship of the VSD to the great ves-
sels. The type associated with subaortic VSDs 
(50%) is the most common. The type associ-
ated with subpulmonary VSDs is also known 
as the Taussing–Bing anomaly. The type as-
sociated with bilateral VSDs and the type as-

Figure 12. Patient diagnosed with 1-day transposition of the great arteries: sagittal computed tomography angiography (CTA) image (a) showing the aorta 
originating from the right ventricle and anteriorly (white arrow) and the pulmonary artery originating from the left ventricle and posteriorly (black arrow); axial CTA 
image (b) showing a membranous-type ventricular septal defect (black star). In three-dimensional volume rendered images (c, d), the aorta originates from the 
right ventricle and anteriorly (black arrow), the pulmonary trunk originates from the left ventricle and posteriorly (white arrow), and there is a distinct patent ductus 
arteriosus (red arrow) between the aorta and pulmonary artery.
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Figure 13. A 3-day-old male patient diagnosed with truncus arteriosus Type I: the common trunk (white arrow), the pulmonary trunk branching from the trunk 
(black arrow), and both main pulmonary arteries are seen in the axial computed tomography angiography (CTA) image (a) (black stars). In the sagittal CTA image 
(b) and three-dimensional (3D) volume rendering image (c), the accompanying aortic coarctation is seen (white stars). In the 3D volume rendering image (d), the 
pulmonary trunk arising from the common trunk is clearer (white arrow).

Figure 14. Female patient diagnosed with 3-day double outlet right ventricle: sagittal computed tomography angiography (CTA) (a) and three-dimensional volume 
rendered (b) thoracic CTA images show the aorta (white arrows) and pulmonary trunk (black arrows) originating from the right ventricle and accompanying 
hypoplasia (black star) in the aorta.
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sociated with distally located VSDs are rare.76 
Ventricular function is important to monitor 
in patients with DORV, so CMR is particularly 
important.77

Tricuspid atresia 

Tricuspid atresia is a CHD characterized by 
agenesis or congenital absence of the tricus-
pid valve.73 It accounts for 1.4% of patients 
with CHD, is the third most common type 
of cyanotic CHD (Figure 15), and is the most 
common cause of cyanosis and left ventricu-
lar hypertrophy.78 It is often associated with 
right ventricular hypoplasia and VSDs, and 
pulmonary blood flow is shunted via the DA. 
Tricuspid atresia classification is subdivided 
into subtypes based on PS and the position 
of the great arteries. In Type 1, the great ar-
teries are normal (the most common type); in 
Type 2, ToF is present; and in Type 3, complex 
anomalies such as TA or AVSD accompany 
ToF or malposition.72

Ebstein anomaly 

Ebstein anomaly (EA) is a malformation 
of the tricuspid valve (Figure 16). The septal 
and posterior leaflets of the dysplastic tri-
cuspid valve extend toward the RV and are 
usually associated with tricuspid regurgi-
tation.79 EA is rare, with a prevalence of 5.2 
per 100,000 births. It accounts for 1% of CHD 
but is consequential because it constitutes 
approximately 40% of congenital tricuspid 
valve malformations.66,80 The severity of the 
condition depends on the extent to which 
the RV is filled by the enlarged right atrium, 
a condition known as RV atrialization.73 There 
are four types, classified from A to D, based 
on the degree of RV atrialization. A patent fo-
ramen ovale (PFO) or ostium secundum ASD 
is always present.79 As a result, pressure in the 
right atrium increases, leading to a right-to-
left shunt. 

Total anomalous pulmonary venous con‑
nection

Total anomalous pulmonary venous con-
nection is characterized by abnormal drain-
age of the pulmonary veins into the systemic 
circulation.81 It is a rare cardiac malformation 
occurring in approximately 7 per 100,000 
live births.82 Typically, the pulmonary veins 
drain into the left brachiocephalic vein (most 
common) (Figure 17), the superior or inferi-
or vena cava, the coronary sinus, the portal 
vein, or, rarely, into other systemic veins. Less 
commonly, the pulmonary veins drain direct-
ly into the right atrium,83 resulting in a left-to-
right shunt. This condition is classified based 
on the location where the abnormal venous 

connection occurs relative to the heart. The 
supracardiac type accounts for 50%, the car-
diac type for 20%, and the infracardiac type 
for 20%.81 The mixed type is observed in 10% 
of cases. Physiologically, it can be character-
ized as obstructive or non-obstructive based 
on the condition of the pulmonary venous 
flow. Obstruction is commonly seen in the 
infracardiac type.84 

Hypoplastic left heart syndrome 

Hypoplastic left heart syndrome (HLHS) is 
a broad spectrum of anomalies characterized 
by hypoplasia of the left-sided structures of 
the heart, including the aorta, mitral valve, 

LV, aortic root, and ascending aorta.85 The left 
atrium is typically small but may be normal or 
enlarged in size (Figure 18). By contrast, the 
right heart structures are markedly enlarged. 
The PFO and PDA are critical to the systemic 
circulation. Despite a prevalence of 1 in 5,000 
live births, HLHS accounts for 7% to 9% of all 
CHDs diagnosed before the age of 1 year.73 Ad-
ditionally, it is the fourth most common CHD 
presenting in the first year of life. It may be 
associated with syndromes such as Noonan, 
Holt–Oram, Turner, or Smith–Lemli–Oplitz 
syndromes.86 CT is preferred preoperatively to 
detect anomalies such as CoA and VSD, which 
may accompany HLHS. CMR is an extremely 

Figure 15. Tricuspid valve atresia (white arrow) and accompanying right ventricular hypoplasia (black arrow) 
in a 5-day-old girl with a diagnosis of tricuspid atresia.

Figure 16. In the cardiac magnetic resonance examination performed on a 26-year-old female patient, a 
distinct extension of the tricuspid valve cusps toward the right ventricle was observed and a diagnosis of 
Ebstein anomaly was made (black arrows).



 

Imaging of congenital cardiovascular anomalies • 421

important imaging modality for detecting 
pathologies such as endocardial fibroelastosis 
that may accompany HLHS, for quantitative 
measurement of ventricular volumes pre- and 
postoperatively, for functional assessment of 
the aortic and mitral valves, and, particularly, 
for detecting fibrosis, which may develop in 
the ventricles during postoperative follow-up.

Pulmonary atresia with intact ventricular 
septum 

PA with intact ventricular septum (PA–
IVS) is characterized by the absence of com-
munication between the RV and LV and the 
presence of PA (Figure 19).87 Moreover, the 
RV is hypoplastic to varying degrees. This 
condition is rare, occurring in 5 per 100,000 
live births and accounting for 1% to 3% of 
CHDs.88 Another important feature of PA–IVS 
is that it may be associated with other cardi-
ac anomalies; PFO, coronary arteriovenous 

fistulas (10%–50%), and tricuspid insuffi-
ciency secondary to RV dilatation, as well as 
MAPCAs, which provide pulmonary vascular-
ization, may be present.88 CT is an extreme-
ly successful technique for identifying any 
additional pathologies, fistulas, or collateral 
vascular structures that may be present.89 
CMR is vital in the postoperative period for 
evaluating pulmonary valve and RV function 
and monitoring the presence of fibrosis.90 

Single ventricle 

The primary definition of single ventri-
cle is the presence of a single ventricle into 
which both atria drain and the systemic and 
pulmonary circulation provided by this ven-
tricle; it is a CHD (Figure 20).91 Depending on 
the ventricular morphology, it is referred to 
as double-inlet LV, double-inlet RV, or, when 
differentiation is not possible, primitive ven-
tricle.92 The incidence of the LV type is 5–10 

per 100,000 live births, making it the most 
common functional single ventricle defect.93 
Associated conditions include TGA (70%, typ-
ically L-type), subvalvular PS or atresia (66%), 
subaortic obstruction, and CoA.72 CT and MRI 
are superior to echocardiography in evalu-
ating extracardiac vascular structures, iden-
tifying associated anomalies, and assessing 
complex anatomical relationships. CMR has 
a distinct role in evaluating postoperative 
valve and ventricular function.94,95 

In conclusion, CHDs represent a wide 
spectrum, and accurate diagnosis is vital. 
This is because treatment plans are specific 
to the patient’s diagnosis. Advances in car-
diac imaging in recent years have been in-
strumental in reducing morbidity rates and 
increasing life expectancy in individuals with 
CHD. In the evaluation of imaging methods, 
radiography is non-specific but can assist in 
determining heart size and pulmonary vas-

Figure 17. Coronal reformatted computed tomography angiography (a) and three-dimensional volume rendered image (b) of a 3-day-old male patient showing 
the pulmonary veins (black stars) opening into the left brachiocephalic vein (white arrows) via a vertical venous connection (black arrows).

Figure 18. Axial computed tomography angiography (a,b) images of a 2-day-old female patient showing left ventricular hypoplasia (black arrow), aortic hypoplasia 
(white arrows), and accompanying pulmonary artery enlargement (black star).
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cularity, whereas echocardiography is user 
dependent and has a limited role in evalu-
ating extracardiac structures. Advances in 
imaging have led to an increasing role for 
CT and MRI in addition to cardiac evaluation, 
including the visualization of extracardiac 
vascular structures and postoperative fol-
low-up. This has substantially reduced the 
role of invasive cardiac catheterization in the 
diagnosis of CHD. Ongoing technological 
innovations have led to non-invasive mo-
dalities with improved image quality, lower 
ionizing radiation and contrast doses, and 
reduced imaging time, thereby decreasing 
the need for anesthesia. Diverse modalities 
for detecting cyanotic CHD, along with on-
going advances in surgical procedures, will 
result in more patients with CHD surviving 

into adulthood in the future. Therefore, the 
role of CT and MRI will continue to expand. 
The appropriate selection of imaging meth-
ods is guided by the clinical context and the 
relative strengths of various imaging modali-
ties. CT is preferred for the initial assessment 
of large vessel anatomy in newborns, espe-
cially when functional information is not im-
portant. CMR is critical for the preoperative 
and postoperative assessment of ventricular 
and valve function, measurement of flow pa-
rameters in existing shunts, and detection of 
myocardial fibrosis. With this approach, the 
proper use of imaging modalities provides 
the detailed anatomy and post-surgical fol-
low-up of the patient that are important for 
surgical planning. 

Footnotes
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