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This pictorial review describes the assessment of a great variety of types of congenital heart 
disease by three-dimensional ultrasonography with spatiotemporal image correlation using 
HDlive and the HDlive Flow silhouette rendering mode. These technologies provide fetal heart 
surface patterns by using a fixed virtual light source that propagates into the tissues, permitting 
a detailed reconstruction of the heart structures. In this scenario, ultrasound operators can freely 
select a better light source position to enhance the anatomical details of the fetal heart. HDlive 
and the HDlive Flow silhouette rendering mode improve depth perception and the resolution 
of anatomic cardiac details and blood vessel walls compared to standard two-dimensional 
ultrasonography.

Keywords: Fetal heart; Congenital heart disease; Three-dimensional ultrasound; 
Spatiotemporal image correlation; HDlive

Key points: HDlive and the HDlive Flow silhouette rendering mode improve depth perception and 
the resolution of anatomic cardiac details and blood vessel walls. HDlive enables reconstruction 
of the fetal heart structures in realistic views starting from cardiac ultrasound views.
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Introduction

According to the World Health Organization, approximately 295,000 
newborns die annually due to congenital anomalies during the 
neonatal period [1]. Congenital heart disease (CHD) is the most 
frequent type of birth defect and a leading cause of perinatal 
death due to congenital anomalies. The prevalence of CHD is 
approximately 8-12 per 1,000 live births, with variation according 
to the characteristics of the studied population [2].

The prenatal diagnosis of CHD is crucial to improve patient 
outcomes, especial ly for fetuses with conditions such as 
transposition of the great arteries and duct-dependent systemic 
or pulmonary circulation. Under these circumstances, advances in 
prenatal ultrasound cardiac screening, and fetal echocardiography 
are important tools for the early detection of most CHD cases. 
The International Society of Ultrasound and Gynecology (ISUOG) 
recommendation of incorporating visualization of the outflow tract 
views as well as the four-chamber view into the routine prenatal 
ultrasound assessment of the fetal heart is evidence- based and has 
been contributed to improve the prenatal CHD detection rate [3,4].

Advanced imaging and Doppler modalities, such as three-
dimensional (3D) and four-dimensional (4D) ultrasonography, have 
enhanced the accuracy of prenatal CHD detection by providing 
high-quality images that enable a detailed analysis of fetal cardiac 
anatomy and function [5,6]. Starting from the acquisition of a four-
chamber view of the fetal heart, cardiac volumes can be displayed 
in both multiplanar and rendering modes, in a static view or in 

movement (4D), which offers potential advantages over two-
dimensional (2D) ultrasonography as it is less dependent on the 
experience of the operator to obtain high-quality images, requiring 
less time for the fetal cardiac examination [7,8].

In this setting, the HDlive software is a technique for visualizing 
surface patterns that differs from conventional 3D rendering 
methods by providing realistic portrayals of the cardiac structures 
and vessels, especially by adding HDlive Flow [9-15].

In this article, the authors describe how 3D ultrasonography using 
spatiotemporal image correlation (STIC) in HDlive and the HDlive 
Flow silhouette rendering mode (General Electric Healthcare, Zipf, 
Austria) is used to improve CHD prenatal detection by providing a 
gallery of realistic cardiac images of a variety of types of CHD.

Pulmonary Valve Absence

Tetralogy of Fallot (TOF) is the most common type of cyanotic CHD; 
it is a conotruncal anomaly, in which the four-chamber view of the 
fetal heart is normal as the ventricular septal defect (VSD) is an 
outflow ventricular defect. VSD malalignment with overriding of the 
aorta and small pulmonary arteries in the outlet tract views are clues 
to the diagnosis of the classical form of TOF. Conversely, when TOF is 
associated with the absence of the pulmonary valve, the pulmonary 
arteries are enlarged and the pulmonary valve is incompetent. In 
severe cases, pulmonary hypoplasia or severe airway disease is 
present due to chronic extrinsic compression of the airways by the 
aneurysmal pulmonary arteries in utero. The early diagnosis of this 

Fig. 1. Tetralogy of Fallot with absence of the pulmonary valve. 
A first-trimester echocardiogram shows the three-vessel view using two-dimensional ultrasonography (A) and color Doppler imaging (B) with 
a larger pulmonary artery (PA) than the aorta (Ao) in an unusual disproportion.
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form of TOF is crucial to plan for the delivery in a tertiary center 
(given the potential need for liquid ventilation and extracorporeal 
membrane oxygenation at birth) and even termination of pregnancy 
[16,17]. Furthermore, 3D/4D ultrasound allows ventricular outflow 
tract evaluation, which is useful for detecting pulmonary artery 
enlargement. In three-vessel and trachea views with color Doppler, 
it is easy to demonstrate that the pulmonary artery is larger than 
the aorta if there is an unusual degree of disproportion (Fig. 1). 
Moreover, reversed flow due to pulmonary valve incompetence can 

be evaluated even at an early gestational age using consecutive 
HDlive Flow silhouette rendering mode with better sensitivity than 
conventional 2D color Doppler (Fig. 2) [10,18].

Tricuspid Dysplasia/Ebstein’s Anomaly

Tricuspid dysplasia (TD) can be distinguished from Ebstein’s 
anomaly (EA) based on the tricuspid valve (TV) attachment due to 
the tethering of its cusps to the posterior ventricular wall or the 

Fig. 3. Ebstein’s anomaly in a fetus at 27 weeks of gestation. 
A. The four-chamber view of the fetal heart using three-dimensional ultrasonography, with HDlive rendering mode enables a realistic 
image of the low attachment of the tricuspid valve (TV; red arrow) due to the tethering of its cups to the septal surface and the atrialized 
right ventricle (RV; asterisks). B. HDlive Flow silhouette rendering mode shows the small functional right ventricle and its atrialized portion 
(asterisks). LA, left atrium; LV, left ventricle; MV, mitral valve; RA, right atrium (anatomical RA+atrialized RV).
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Fig. 2. HDlive Flow in a case of 
tetralogy of Fallot with absence of 
the pulmonary valve. 
Echocardiogram of a fetus at 11 weeks 
of gestation using three-dimensional 
ultrasonography with HDlive Flow 
shows antegrade aorta (Ao) and 
pulmonary artery (PA) blood flow (A) 
and retrograde blood flow in the PA 
due to pulmonary valve incompetence 
(B).
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Truncus Arteriosus/Pulmonary Atresia with 
Ventricular Septal Defect

Truncus arteriosus (TA) is a rare type of CHD in which a single 
arterial vessel arises from the ventricles, leading to heart failure and 
cyanosis in the postnatal period. The single arterial trunk provides 
flow to the systemic, pulmonary, and coronary circulations. Classically, 
a large VSD malalignment is present in TA and is strongly associated 
with 22q 11 deletions (Di George syndrome). The four-chamber view 
is normal in fetuses with TA. Adding the ventricular outflow tract 
views to the four-chamber view may identify the thickened truncal 
valve that overrides a large VSD.

Meanwhile, prenatal differentiation between pulmonary atresia 
(PAt) with VSD and TA can be challenging, mainly in types II and III 
of TA, as in both conditions a single arterial trunk overrides a VSD 
(Fig. 5). Thickening of the arterial trunk valve and the absence of the 
ductus arteriosus are characteristics that should reinforce a clinical 
suspicion of TA. In contrast, the presence of major aortopulmonary 
collateral arteries (MAPCA) and the main pulmonary artery without 
antegrade flow should draw attention to PAt with VSD. The postnatal 
clinical presentation of PAt with VSD and TA is completely different; 
being a type of CHD with pulmonary flow dependence on the ductus 
arteriosus or MAPCA. Conversely, infants with TA develop the 
clinical signs of heart failure during the first month of life. Therefore, 

septal surface (Fig. 3). In EA, there is caudal displacement of the 
septal and posterior leaflets of the TV (distal insertion), while in 
TD, the leaflets do not adhere to the right ventricle wall. Another 
characteristic that should draw attention to the potential diagnosis 
of TD is its association with syndromes, such as trisomy 21. The 
TV has a downward displacement from the atrioventricular ring 
in EA, whereas the TV is located in a normal position, drawing 
attention to its greater echogenicity (dysplasia), in TD. However, 
this differentiation may be difficult in borderline cases in which 
the TV is not very apically displaced or the valve is not extensively 
deformed, mainly during the first trimester. Advanced ultrasound 
techniques, such as 3D ultrasonography in rendering mode, enable 
realistic images of the cusps of the TV and the atrialized portion of 
the right ventricle in cases of EA [10]. Furthermore, 4D ultrasound 
STIC color Doppler with glass-body rendering mode is useful for 
evaluating the degree of tricuspid regurgitation and identifying the 
presence of other cardiac defects (such as VSD). However, EA and 
TD may lead to heart failure with a high risk of fetal demise. Hence, 
an early diagnosis is crucial to optimize prenatal management for 
fetuses, highlighting the importance of adding the advanced image 
techniques of 3D/4D ultrasonography to 2D ultrasonography (Fig. 4) 
[19].

Fig. 4. Three-dimensional ultrasonography with HDlive Flow with glass-body rendering mode in a fetus at 13 weeks of gestation with 
tricuspid dysplasia and a trabecular ventricular septal defect. 
Four-chamber view during ventricular diastole demonstrates the flow across the mitral and tricuspid valves (blue arrows) (A) and tricuspid 
regurgitation during ventricular systole (red arrow) (B). LV, left ventricle; RA, right atrium, RV, right ventricle.
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the prenatal differentiation of CHD enables a decisive plan for 
postnatal management. In those cases, the 4D STIC acquisition of 
cardiac volumes from a standard four-chamber view fetal heart is an 
important ultrasound tool that enables detailed ventricular outflow 
tract reconstruction [20]. With the addition of HDlive Flow and the 
HDlive Flow silhouette rendering mode, the delineation of the blood 
vessel walls with a realistic outflow tract reconstruction enables 
the differential diagnosis between TA and PAt with VSD [7,9,10]. 
Another challenge is to differentiate the types of truncus: type I, the 
pulmonary trunk arises from the truncal trunk; type II, pulmonary 
arteries arise from the truncal trunk; type III, one of the pulmonary 
arteries is absent with collateral circulation; and type IV, TA with an 
interrupted aortic arch [16,21]. HDlive Flow and the HDlive Flow 
silhouette rendering mode allow the detailed assessment of the 
truncal arterial trunk anatomy, making it possible to differentiate the 
types of TA, even during the first trimester of pregnancy (Figs. 6-8) 
[10].

Hypoplastic Left Heart Syndrome

Hypoplastic left heart syndrome (HLHS) is characterized by 
underdevelopment of the left-sided structures of the heart, which 
are incapable of supporting the systemic circulation. Left ventricular 
hypoplasia encompasses a wide spectrum of manifestations. Aortic 
and mitral atresias are described in the classical form of HLHS. In 
patients with mitral atresia, the left ventricle is severely hypoplastic. 
Prenatally in such cases, the four-chamber view of the fetal heart 
is markedly abnormal; therefore, this condition is easy to identify 

Fig. 5. Tetralogy of Fallot in a fetus at 33 weeks of gestation. 
HDlive rendering mode enables clear visualization contour of the 
ventricular septal defect (VSD) malalignment with the aorta shifted 
slightly to the right and directly above the VSD (overriding of the 
aorta). Ao, aorta; IVS, interventricular septum; LV, left ventricle; RV, 
right ventricle.
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Fig. 6. Imaging of  the 
outflow tract using three
-dimensional ultrasonogra
-phy, with HDlive Flow 
rendering mode, in a fetus 
at 16 weeks of gestation 
with truncus arteriosus 
type I. 
A, B. The aorta (Ao) and 
pulmonary trunk arise from 
the main truncal artery. 
Note the unidirectional 
blood flow in the pulmonary 
artery (PA) and Ao during 
ventr icular systole (red 
arrows). LV, left ventricle; 
RV, right ventricle.
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through screening with 2D ultrasonography.
A fetal heart examination using 3D/4D ultrasonography with 

HDlive and the HDlive silhouette rendering mode enables the 
detailed assessment of the anatomy of some cardiac structures, 
which can be crucial for optimizing parental counseling and 
planning the therapeutic management of HLHS [3,4]. The significant 
difference between the right- and left-sided structures of the fetal 
heart in the four-chamber view is realistically depicted because 
HDlive uses a virtual light source and operators can configure the 
light to enhance the image details (Fig. 9). In cases of HLHS with 
mitral stenosis, the HDlive Flow rendering mode may clarify the flow 
across the mitral valve into the diminutive left ventricle (Fig. 10) [9-
12]. In fetuses with HLHS and aortic atresia, reversed flow in the 
aorta without anterograde flow across the aortic valve is detectable 
in upper mediastinum views (three vessels and three vessels and 
trachea views) and the left ventricle outflow tract view (Fig. 11). 
The significant size difference between arteries due to a hypoplastic 
aorta and even the reversed flow into the aorta in cases of aortic 
atresia are more evident using HDlive Flow in the spatial three-

Fig. 7. Imaging of the outflow tract using three-dimensional 
ultrasonography, with HDlive Flow Silhouette rendering mode 
in a fetus at 25 weeks of gestation with truncus arteriosus type 
II. The aorta (Ao), left pulmonary artery (LP), and right pulmonary 
artery (RP) arise from the main truncal artery. Note the unidirectional 
blood flow in all truncal artery branches (yellow arrows).
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Fig. 8. Assessment of the pulmonary arteries using spatiotemporal image correlation software with the HDlive Flow silhouette 
rendering mode in a case of truncus arteriosus type II. This technology enables the reconstruction of pulmonary arteries. Note that the 
right (*RP) and the left pulmonary arteries (LP) arise from the main arterial trunk. *, reconstruction of the right pulmonary artery arising from 
the main truncal artery; TA, main truncal artery.
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Fig. 9. Discrepancy between the right 
and left-sided structures of the fetal heart 
in a fetus at 21 weeks of gestation with 
hypoplastic left heart syndrome.
Three-dimensional ultrasonography images 
of the four-chamber view of the fetal heart 
with HDlive rendering (A) and HDlive 
silhouette rendering modes (B) show a 
hypoplastic left ventricle, small left atrium, 
and thick mitral valve. LA, left atrium; LV, 
left ventricle; RA, right atrium; RV, right 
ventricle.
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vessel view (Figs. 11, 12). Furthermore, the HDlive Flow rendering 
mode provides realistic contours of the small ascending aorta in the 
aortic arch sagittal view (Fig. 13).

Pulmonary Atresia with Intact Ventricular 
Septum

PAt is a rare type of CHD, in which a connection is absent between 
the right ventricle and the pulmonary circulation, associated with 

Fig. 10. Hypoplastic left heart syndrome (HLHS) with mitral valve stenosis in a fetus at 21 weeks of gestation. 
Imaging of the four-chamber view of the heart using three-dimensional ultrasonography, with HDlive Flow (A, C) and HDlive Flow silhouette (B) 
rendering modes in a case of HLHS with mitral valve stenosis is shown. The HDlive Flow rendering mode shows small blood flow across the 
mitral valve (asterisks) into the diminutive left ventricle. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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Fig. 11. Hypoplastic left heart syndrome (HLHS) with aortic atresia. 
Imaging of three-vessel and trachea view using three-dimensional ultrasonography with HDlive Flow (A) and HDlive Flow silhouette (B, 
C) rendering modes in a fetus with HLHS and aortic stenosis. The pulmonary artery (PA) blood flow has a usual anterograde direction 
(black arrow). The blood flow crosses the ductus arteriosus (DA) toward the aortic artery. Note the reversed flow of the aorta (Ao) without 
anterograde flow across the aortic valve (yellow arrow).
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an intact ventricular septum (IVS). The classification of PAt varies 
according to the TV features. In cases of PAt and TV stenosis, the 
right ventricle is hypoplastic (type I), whereas in type II, the right 
ventricle is well-developed and the right atrium is enlarged as the 
TV is dysplastic and incompetent. In type I, the four-chamber view 
of the fetal heart is abnormal due to the hypoplastic right ventricle. 
HDlive Flow may provide realistic images of the hypoplastic right 
ventricle and the IVS (Fig. 14) [7,14]. The right ventricular outflow 
tract view enables identification of an immobile and thickened 
pulmonary valve and the presence of reversed flow in the pulmonary 
artery and the absence of flow through the pulmonary valve, with 
with reversed flow into the pulmonary artery by color Doppler 
imaging. In cases of PAt with IVS, the pulmonary artery is, in general, 
smaller than the aorta on the three-vessel view [7,16].

Tricuspid Atresia

Tricuspid atresia is defined as agenesis of the TV without direct 
communication between the right atrium and the right ventricle. 
This defect is associated with normally related (type I) or transposed 
arteries (types II and III: D and L transposed arteries). The pulmonary 
flow could be normal, decreased (pulmonary stenosis), or absent 
(PAt). If the VSD is absent or small, the restricted flow to the right 
ventricle can lead to severe right ventricular hypoplasia.

Prenatal diagnosis of tricuspid atresia is easily done by 
ultrasonography using a four-chamber view. In fetuses with tricuspid 
atresia, characteristics of an imperforated TV, absence of flow across 
the TV on color Doppler during diastole, and a hypoplastic right 

Fig. 12. Hypoplastic left 
heart syndrome with aortic 
stenosis. 
Images of the outflow tracts 
using three-dimensional 
ultrasonography with HDlive 
Flow rendering mode show 
the significant difference in 
size between the pulmonary 
artery (PA) and aorta (Ao) 
(A), and the anterograde 
blood flow in the PA and 
Ao (B). Note the hypoplastic 
left ventricle (LV) and Ao 
( red ar rows) . RV, r ight 
ventricle.
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Fig. 13. Reversed flow into the aortic arch in a fetus with 
hypoplastic left heart syndrome. HDlive Flow rendering mode 
provides the realistic contour of the small ascending aorta (Ao). 
Reversed flow into the aortic arch can be detected as a marker of 
congenital heart disease with ductal dependence of the systemic 
ductal circulation. The yellow arrow and the black arrow show the 
direction of the blood flow. DA, ductus arteriosus.
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ventricle with or without VSD can be assessed with high image 
quality using 3D ultrasonography with the HDlive Flow rendering 
mode (Fig. 15) [14,15]. After birth, patients with PAt with IVS 
require administration of prostaglandin E1 at birth to maintain 
patent ductus arteriosus until surgery is performed to improve 
perinatal outcomes.

Ventricular Septal Defect

VSD is the most common type of CHD; meanwhile, those defects 

are perhaps the most commonly missed in utero. VSD is commonly 
associated with other cardiac defects, and small and muscular 
defects present a greater chance to spontaneously close, even 
in utero. No hemodynamic significance was found during fetal 
life; however, some cases of VSD may require postnatal surgical 
interventions depending on the type and shunt magnitude. 
Furthermore, fetal chromosomal anomalies should be suspected 
if the defect is large and extends to the inlet septum, as this 
combination is disproportionately common.

The use of 2D ultrasonography with color Doppler may raise the 
suspicion of VSD, with care taken to maintain a lateral view of the 
ultrasound insonation angle. The operator should add the outflow 
tract view evaluation, as the four-chamber view appears normal 
in such cases, to identify outflow septal ventricular defects and 
conotruncal anomalies (malaligned VSD). An advanced approach 
using 4D-STIC with HDlive Flow may improve the prenatal diagnosis 
of VSD [26]. The navigation point can be placed on the ventricular 
septum, enabling a realistic image of the defect with details (size, 
type, number, and shunting) (Figs. 16-18) [22].

Atrioventricular Septal Defects

Atrioventricular septum defect (AVSD) refers to a complex group 
of CHDs, resulting from failure of the atrioventricular septum to 
fuse. The complete form of AVSD is one of the most common types 
of CHD detectable in utero and is characterized by a common 
atrioventricular valve, an ostium primum atrial septal defect, and 
an inlet VSD. AVSD is categorized as partial or incomplete when 
the common valve is divided into two atrioventricular valves. The 
classical partial form of AVSD also combines an ostium primum 
atrial defect and a left valve orifice cleft. Indeed, AVSD has a strong 

Fig. 14. Imaging of the four-chamber view of the fetal heart with 
HDlive Flow silhouette rendering mode in pulmonary atresia with 
an intact ventricular septum. Tricuspid stenosis (red arrow) with 
tricuspid regurgitation (blue arrow) is observed with color Doppler. 
LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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Fig. 15. Tricuspid atresia (TA) with 
small ventricular septal defect (VSD) 
in a fetus at 21 weeks of gestation. 
A. Three-dimensional ultrasonography 
imaging of the four-chamber view 
of the heart using HDlive silhouette 
rendering mode shows the thick 
tricuspid valve and hypoplastic right 
ventricle (RV). B. The HD live flow 
rendering mode demonstrates the 
absence of flow across the tricuspid 
valve during diastole (TA). The VSD 
enables a small amount of blood flow 
to cross from the left ventricle (LV) 
toward the right RV. LA, left atrium; 
MV, mitral valve; RA, right atrium.
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Fig. 16. Imaging of  the four-
chamber view of the heart using 
three-dimensional ultrasonography 
in a fetus with ventricular septum 
defect (VSD). 
Three-dimensional color Doppler (A) 
and HDlive Flow with glass-body 
rendering mode (B) show a realistic 
apical muscular VSD and detailed 
assessment of the shunting across 
the defect. LV, left ventricle; RV, right 
ventricle.
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Fig. 17. Advanced approach using three-dimensional (3D) spatiotemporal image correlation with multiplanar color Doppler and HDlive 
Flow rendering modes in a fetus at 26 weeks of gestation with a ventricular septal defect. The navigation point should be placed on the 
ventricular septum to enable a realistic image of the defect with details. The 3D rendering mode shows a unique small elliptic ventricular 
septal defect. Note that the other regions of the ventricular septum are intact (red arrows). IVS, intact ventricular septum; LV, left ventricle; 
RV, right ventricle; VSD, ventricular septum defect.
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association with Down syndrome, and the fetal karyotype should be 
discussed with parents whenever this diagnosis is carried out.

Complete AVSD is easily diagnosed in fetuses using 2D ultrasound 
in the four-chamber view. The best diagnosis clues are the absence 
of the crux of the heart, the presence of a primum atrial septal 

defect, and the absence of the usual atrioventricular valve offset. 
Outflow tract views can identify the characteristics of left ventricular 
outflow in AVSD-specifically, a narrowed and elongated outflow 
(also known as a gooseneck) [4,16]. Using the 3D ultrasound 
rendering mode, natural and anatomically realistic images of the 

Fig. 18. Advanced approach using three-
d imens iona l  spat iotempora l  image 
correlation with multiplanar color Doppler 
and HDlive Flow rendering modes in a 
fetus at 26 weeks of gestation with inlet 
ventricular septal defect (VSD). 
A. The navigation point is placed on the 
ventricular septum with the region of interest  
enabling vision from the left ventricle to the
ventricular septum. B. The HDlive rendering 
mode shows a clear view of the foramen
ovale (FO) and the inlet VSD. IVS, interventricular
septum. 
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Fig. 19. Imaging of the four-chamber view of the heart in a fetus at 21 weeks of gestation with complete atrioventricular septum defect 
(AVSD). 
HDlive (A), HDlive silhouette (B), and HDlive Flow (C) rendering modes enable the assessment of the characteristics of the complete AVSD, 
which consists of a common atrioventricular (AV) valve, an ostium primum atrial septal defect, and an inlet ventricular septal defect (*). The 
HDlive Flow rendering mode allows the detection of a balanced form of AVSD, with equally distributed flow inside the right ventricle (RV) 
and the left ventricle (LV). LA, left atrium; RA, right atrium.
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common atrioventricular valve with the details of its attachment are 
obtained (Fig. 19) [22].

Right Aortic Arch and Vascular Ring

Right aortic arch is commonly associated with conotruncal 
anomalies, such as TOF or TA. A right-sided descending aorta is 

Fig. 20. Right-sided aortic arch in a fetus at 24 weeks of gestation. 
Images of the three-vessel and trachea view with two-dimensional (2D) color Doppler (A) and 3D HDlive Flow rendering (B) modes show the 
ductus arteriosus (DA) and aorta (Ao) located at the right side of the trachea (TR). PA, pulmonary artery; R, right side; L, left side.

A

PA
PA

R

TR

L

PA

DA
Ao

DA

DA

Ao

AoTR

TR

B

Fig. 21. Aberrant right subclavian artery (ARSA) arising from the right-sided aortic arch in a case of pulmonary atresia. 
Three-dimensional ultrasonography imaging of the mediastinum view using HDlive Flow silhouette rendering shows the reversed flow into 
the pulmonary artery (PA; pulmonary atresia) (A) and the location of the right-sided aortic arch with the ARSA (B). Red and black arrows 
show the direction of the blood flow. SVC, superior vena cava; Ao, aorta.
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observed in the three-vessel and trachea view (the aortic artery 
is located at the right side of the trachea) (Fig. 20). Vascular rings 
are congenital anomalies in which a vessel partly or completely 
encircles the trachea, the esophagus, or both, causing postnatal 
digestive and/or respiratory symptoms. Abnormal brachiocephalic 

arterial branches, such as an aberrant subclavian or innominate 
artery, are not uncommon in right-sided aortic arch with vascular 
ring anomaly and can be observed in upper mediastinum views 
(Fig. 21). A gap between the pulmonary trunk and the ascending 
aorta and a U-shaped vascular loop enable this diagnosis in the 

Fig. 22. Assessment of the three-vessel-trachea view in a fetus at 30 weeks of gestation with right aortic arch and a vascular ring 
anomaly. 
Echocardiography using two-dimensional ultrasonography with color Doppler (A) and three-dimensional ultrasonography with HDlive Flow (B) 
and HDlive Flow silhouette (C) rendering modes shows a right aortic arch with a left ductus arteriosus (DA) surrounding the trachea (vascular 
loop). Black and red arrows show the direction of the blood flow. Ao, aorta artery; PA, pulmonary artery; SVC, superior vena cava; TR, trachea.
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Fig. 23. Right aortic arch and Kommerell diverticulum with an aberrant left subclavian artery in a fetus at 22 weeks of gestation. 
Three-dimensional ultrasonography images of the three-vessel and trachea view using HDlive Flow (A, B) and HDlive Flow silhouette (C) 
rendering modes show ductus arteriosus (DA) and right-sided aortic arch (Ao) on opposite sides of the trachea (TR), forming a U-shaped in 
appearance complete vascular ring. The vascular loop encompasses the right aortic arch, the left subclavian artery (LSCA) with Kommerell's 
diverticulum (KD; bulbous configuration of the LSCA) and left posterior ductus. SVC, superior vena cava.
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three-vessel and trachea view [16,23]. The HDlive Flow rendering 
mode of the pulmonary artery, aorta, and ductus arteriosus allows a 
realistic reconstruction of this vascular ring, known as Kommerell's 
diverticulum (Figs. 22, 23).

The assessment of  the aort ic  arch branching posit ion 
abnormalities in fetuses may be difficult using conventional 2D 
ultrasonography, even with color Doppler. In such cases, the HDlive 
Flow rendering mode of the aortic arch view can be a valuable tool 
to detect vessel anomalies (Fig. 24).

Foramen Ovale Aneurysm/Tortuous Ductus 
Arteriosus

Although it is often an isolated finding, some studies have 
demonstrated an association between foramen ovale aneurysm 
and fetal arrhythmias [24]. Nonetheless, foramen ovale aneurysm 
is postnatally strongly associated with cryptogenic stroke. HDlive 
Flow and HDlive Flow silhouette rendering modes provided 
diagnostic image information to enable this diagnosis (Figs. 25, 26). 
Indeed, tortuous ductus arteriosus with kinking may be isolated 

or associated with conotruncal defects, such as PAt with VSD [19]. 
HDlive Flow enables this assessment with high-quality images of the 
ductal arch (Figs. 27, 28) [25]. In general, isolated tortuous ductus 
arteriosus is not clinically significant; however, it may interfere with 
cardiac hemodynamic procedures in TOF cases.

Anomalous Venous Return

Anomalous pulmonary venous return (APVR) may be partial (three 
or fewer pulmonary veins) or total (all four veins). The prenatal 
diagnosis of APVR remains a tremendous challenge, especially when 
it is an isolated defect and fewer than three veins are involved. The 
presence of discrepancy of the ventricles (right ventricle dominance), 
small left atrium, and difficulties in detecting pulmonary veins into 
the left atrium are clues for the prenatal diagnosis of total APVR 
(TAPVR) during ultrasound cardiac screening. Furthermore, an 
increase in the retro-atrial distance between the left atrium and 
the descending aorta in the four-chamber view should raise the 
suspicion of a cardiac form of TAPVR (Fig. 29A, B) [26]. TAPVR 
requires surgical correction after birth and, in most cases, in the first 

Fig. 24. Aortic arch view in a fetus with bovine trunk. 
Imaging of the sagittal view of the aortic arch using three-dimensional ultrasonography with HDlive Flow rendering mode (A-C) in a variant 
of the aortic arch (bovine trunk, asterisks) is shown. The HDlive Flow rendering mode clearly shows the brachiocephalic (innominate) artery 
shares a common origin with the left common carotid artery. Ao, descending aorta; LSA, left subclavian artery.
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Fig. 25. Foramen ovale (FO) 
aneurysm in a fetus at 37 
weeks of gestation. 
Imaging of the four-chamber 
view of the heart using three-
dimensional ultrasonography 
with HDlive silhouette (A) 
and HDlive Flow silhouette 
(B) rendering modes in a 
case  o f  FO aneurysm i s 
shown. The red arrow points 
to the bulging of the atrial 
septum involving the fossa 
ovalis region (FO aneurysm). 
FO, foramen ovale; LA, left 
atrium, LV, left ventricle; 
RA, right atrium; RV, right 
ventricle.
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Fig . 26 . Assessment  o f 
the blood flow across the 
foramen ovale (FO) in a case 
of FO aneurysm. 
Imaging of the four-chamber 
view of the heart using three-
dimensional ultrasonography 
with HDlive Flow (A, B) and 
HDlive Flow silhouette (C, D) 
rendering modes in a fetus 
at 37 weeks of gestation 
with an aneurysm of the 
FO is shown. The HDlive 
Flow rendering allows clear 
visualization of the blood 
flow crossing the FO freely 
from the right atrium (RA) 
toward the left atrium (LA). 
LV, left ventricle; RV, right 
ventricle.
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weeks of life. In this scenario, the prenatal diagnosis is crucial to 
reduce the risk of perinatal morbidity and mortality related to this 
CHD.

Persistent left superior vena cava is the most common variation 
of the systemic venous. The three-vessel and three-vessel and 
trachea views enable this diagnosis by showing the presence of 
a supernumerary vessel (four vessels instead of three) to the left 
of the pulmonary artery and trachea. In general, the left superior 
vena cava drains into the coronary sinus and an enlarged coronary 
sinus can be observed in the four-chamber view (Fig. 29C). Isolated, 
persistent left superior vena cava has no clinical significance after 
birth; however, it can be associated with other types of CHD, such as 
left-heart obstructive diseases.

Advanced technologies such as 3D STIC ultrasonography with 

the HDlive rendering mode may improve the prenatal diagnosis, 
enabling the detailed anatomy of the site of the anomalous venous 
return in case of APVR or other types of CHD, such as persistent left 
superior vena cava and interruption of the inferior vena cava with 
azygous continuation [6,11].

Transposition of the Great Arteries

Transposition of the great arteries (TGA) is a frequent type of 
cyanotic CHD, in which the aorta arises from the anterior ventricle 
(morphologically right ventricle) and the pulmonary artery arises 
from the left ventricle. The four-chamber view is normal in cases of 
simple TGA, and it is one of the most commonly underdiagnosed 
types of CHD in utero. However, the outflow tracts are markedly 

Fig. 28. Imaging of the three-
vessel view (A) and sagittal 
view of the ductal arch (B) 
using three-dimensional 
ultrasonography with HDlive 
Flow rendering mode in a 
case of isolated tortuous 
ductus arter iosus (DA). 
The red arrows point to the 
tortuosity of the DA. Ao, 
aorta; PA, pulmonary artery; 
RPA, right pulmonary artery; 
SVC, superior vena cava.
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Fig. 27. An isolated tortuous ductus arteriosus (DA) in a fetus at 28 weeks of gestation. 
Imaging of the three-vessel view (A) and sagittal view of the ductal arch (B) using three-dimensional ultrasonography with HDlive Flow 
silhouette rendering mode (A, B) in a case of tortuous DA is shown. The red arrow points to the tortuosity of the DA. Ao, aorta; LSA, left 
subclavian artery.
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abnormal, since the aorta and pulmonary artery run in parallel and 
do not cross over each other (Fig. 30). After birth, patients with TGA 
usually undergo a cardiac intervention during the neonatal period, 
and the prenatal diagnosis of TGA is crucial [27].

The use of 3D/4D STIC with the HDlive rendering mode may 
improve the prenatal diagnosis of conotruncal anomalies such as 
simple TGA, providing a detailed reconstruction of the outflow 

tracts from a 3D fetal cardiac volume acquired from a standard four-
chamber view [9,11].

Conclusion

A gallery of high-quality images of CHD prenatal diagnoses using the 
3D ultrasound STIC in the HDlive Flow and HDlive Flow silhouette 
rendering modes is presented. This technology provides realistic 
images of the fetus and its blood vessels, permitting a detailed study 
of the cardiac anatomy. HDlive can provide an anatomically realistic 
depiction of normal and abnormal fetal hearts, and it is used to 
improve the diagnosis of fetal cardiac malformations. Nonetheless, 
the requirement for an advanced 3D ultrasound apparatus and 
appropriate operator training are limitations of this new technology 
in routine clinical practice.
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Fig. 29. Pulmonary and systemic venous return. 
Three-dimensional ultrasonography images of the fetal heart with HDlive silhouette rendering mode show a case with normal pulmonary 
venous return (A), a case of total anomalous pulmonary venous return and ventricular septal defect (VSD) with a collecting vein (posterior to 
the left atrium [LA]) (B), and a case of left superior vena cava (LSVC) that drains into the coronary sinus (CS) (C). Ao, aorta; CV, collecting vein 
(collecting chamber); LV, left ventricle; RA, right atrium; RV, right ventricle.
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Fig. 30. The outflow tract view in a case of transposition of the 
great arteries using three-dimensional ultrasonography with 
HDlive silhouette rendering mode. Note that the great arteries are 
in a parallel relationship (anterior, aorta; posterior, pulmonary artery). 
A, anterior; Ao, aorta; LPA, left pulmonary artery; LV, left ventricle; 
P, posterior; PA, pulmonary artery; RPA, right pulmonary artery; RV, 
right ventricle.
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