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This book represents a major collaborative effort between experts in fetal 
cardiology, fetal medicine and genetics from recognised centres of excellence 
in the UK. It provides a plethora of images and videos and extensive descrip-
tion of the essential views for examination of the anatomy and function of the 
fetal heart and features of the major types of congenital heart defects.

In the case of heart defects, the reader will gain a clear understanding of 
the diagnosis and the need to search for other abnormalities by detailed ultra-
sound examination. Invasive testing, examination of cell-free DNA in mater-
nal blood, parental counselling and postnatal care are also discussed. To date, 
fetal cardiac imaging has been almost exclusively the preserve of ultrasound. 
This book includes the latest advances in fetal cardiac MRI to investigate 
anatomic abnormalities and assessment of blood flow.

The book provides essential reading for experts in fetal medicine and pae-
diatric cardiology but also for obstetricians, sonographers and midwives 
because fetal echocardiography and the diagnosis and management of fetal 
heart abnormalities constitute an integral part of prenatal care.

Kypros Nicolaides

Foreword



vii

The contribution of all members of the fetal cardiology team at Evelina 
London Children’s Hospital and King’s College Hospital to diagnosis and 
management is acknowledged. Pioneers in fetal cardiology from our cen-
tre, including Professor Lindsey Allan, Professor Gurleen Sharland and 
the late Dr. Ian Huggon, are thanked for their inspirational teaching and 
commitment.

Thanks to my wife Sahar and my children Angus and Alexandra for their 
support and for  putting up with me during the writing of this book.

John Simpson

I would like to thank my parents Gunta and Andris for all their love and 
support at every stage of my career.

Vita Zidere

I acknowledge the support of my wife Vanda, and of my children Hamish, 
Maddy and Angus, whilst putting together this book.

Owen I. Miller

Acknowledgements



ix

Contents

 1  Organisation of Screening for Congenital Heart Disease . . . . .    1
John Simpson

 2  Screening Views of the Fetal Heart . . . . . . . . . . . . . . . . . . . . . . .    9
Lindsey E. Hunter

 3  Extended Views of the Fetal Heart  . . . . . . . . . . . . . . . . . . . . . . .   21
Vita Zidere and John Simpson

 4  Use of Doppler Techniques in Fetal Echocardiography  . . . . . .   29
Owen I. Miller

 5  Fetal Cardiac Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   41
John Simpson

 6  First Trimester Fetal Echocardiography  . . . . . . . . . . . . . . . . . .   57
Vita Zidere

 7  Abnormalities of the Four Chamber View . . . . . . . . . . . . . . . . .   71
Owen I. Miller, John Simpson, and Vita Zidere

 8  Abnormalities of the Great Arteries . . . . . . . . . . . . . . . . . . . . . .  101
John Simpson

 9  Aortic Arch Abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139
Trisha Vigneswaran and Vita Zidere

 10  Abnormalities of the Systemic and Pulmonary Veins . . . . . . . .  153
Marietta Charakida and John Simpson

 11  Fetal Arrhythmias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169
Trisha Vigneswaran and John Simpson

 12  Role of Fetal Cardiac Magnetic Resonance Imaging . . . . . . . . .  189
Kuberan Pushparajah and David F.A. Lloyd

 13  Counselling Following a Prenatal Diagnosis  
of Congenital Heart Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  199
Judith Tenenbaum

 14  Fetal Abnormalities Associated with Congenital  
Heart Defects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209
Elena Greco and Sarah Bower

https://doi.org/10.1007/978-3-319-77461-9_1
https://doi.org/10.1007/978-3-319-77461-9_1
https://doi.org/10.1007/978-3-319-77461-9_2
https://doi.org/10.1007/978-3-319-77461-9_2
https://doi.org/10.1007/978-3-319-77461-9_3
https://doi.org/10.1007/978-3-319-77461-9_3
https://doi.org/10.1007/978-3-319-77461-9_4
https://doi.org/10.1007/978-3-319-77461-9_4
https://doi.org/10.1007/978-3-319-77461-9_5
https://doi.org/10.1007/978-3-319-77461-9_5
https://doi.org/10.1007/978-3-319-77461-9_6
https://doi.org/10.1007/978-3-319-77461-9_6
https://doi.org/10.1007/978-3-319-77461-9_7
https://doi.org/10.1007/978-3-319-77461-9_7
https://doi.org/10.1007/978-3-319-77461-9_8
https://doi.org/10.1007/978-3-319-77461-9_8
https://doi.org/10.1007/978-3-319-77461-9_9
https://doi.org/10.1007/978-3-319-77461-9_9
https://doi.org/10.1007/978-3-319-77461-9_10
https://doi.org/10.1007/978-3-319-77461-9_10
https://doi.org/10.1007/978-3-319-77461-9_11
https://doi.org/10.1007/978-3-319-77461-9_11
https://doi.org/10.1007/978-3-319-77461-9_12
https://doi.org/10.1007/978-3-319-77461-9_12
https://doi.org/10.1007/978-3-319-77461-9_13
https://doi.org/10.1007/978-3-319-77461-9_13
https://doi.org/10.1007/978-3-319-77461-9_13
https://doi.org/10.1007/978-3-319-77461-9_14
https://doi.org/10.1007/978-3-319-77461-9_14
https://doi.org/10.1007/978-3-319-77461-9_14


x

 15  Genetics of Congenital Heart Disease . . . . . . . . . . . . . . . . . . . . .  249
Sahar Mansour

 16  Impact of Prenatal Diagnosis of Congenital Heart Disease 
on Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  269
Lindsey E. Hunter

 17  Obstetric and Fetal Medicine Management of the Fetus 
with Congenital Heart Disease . . . . . . . . . . . . . . . . . . . . . . . . . . .  279
Fergus P. McCarthy, Pippa Kyle, and Owen I. Miller

 18  Post-Natal Cardiac Management of the Fetus with Congenital 
Heart Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  287
Marietta Charakida and Owen I. Miller

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  301

Contents

https://doi.org/10.1007/978-3-319-77461-9_15
https://doi.org/10.1007/978-3-319-77461-9_15
https://doi.org/10.1007/978-3-319-77461-9_16
https://doi.org/10.1007/978-3-319-77461-9_16
https://doi.org/10.1007/978-3-319-77461-9_16
https://doi.org/10.1007/978-3-319-77461-9_17
https://doi.org/10.1007/978-3-319-77461-9_17
https://doi.org/10.1007/978-3-319-77461-9_17
https://doi.org/10.1007/978-3-319-77461-9_18
https://doi.org/10.1007/978-3-319-77461-9_18
https://doi.org/10.1007/978-3-319-77461-9_18


xi

A Atrium
Ao Aorta
ALSA Aberrant left subclavian artery
ARSA Aberrant right subclavian artery
AVSD Atrioventricular septal defect
bpm Beats per minute
CAT Common arterial trunk
CHD Congenital heart disease
CoA Coarctation of the aorta
CPAM Congenital pulmonary airway malformation
CTR Cardio-thoracic ratio
D Duct (arterial)
DILV Double inlet left ventricle
DORV Double outlet right ventricle
HLH Hypoplastic left heart
IA Innominate artery
IVC Inferior vena cava
L Left
LA Left atrium
LCA Left carotid artery
LPA Left pulmonary artery
LSA Left subclavian artery
LV Left ventricle
LVOT Left outflow tract
MAPCAS Major aortopulmonary collateral arteries
MV Mitral valve
O Oesophagus
PA Pulmonary artery
PAIVS Pulmonary atresia with intact ventricular septum
PLSVC Persistent left superior vena cava
PV Pulmonary vein
R Right
RA Right atrium
RCA Right carotid artery

Abbreviations



xii

RVOT Right ventricular outflow tract
RPA Right pulmonary artery branch
RSA Right subclavian artery
RV Right ventricle
STIC Spatio-temporal image correlation
SVC Superior caval vein
T Trachea
TAPVC Total anomalous pulmonary venous connection
TGA Transposition of the great arteries
TR Tricuspid regurgitation
ToF Tetralogy of Fallot
TV Tricuspid valve
V Ventricle
VSD Ventricular septal defect

Abbreviations



xiii

The videos can be viewed and downloaded from http://extras.springer.com.

Video 2.1 Tilting the transducer from the fetal head towards the abdo-
men, establishing the fetal lie within the maternal abdomen

Video 2.2 Transverse cut through the fetal abdomen, with a single rib 
visualised. Descending aorta anterior to the left of the spine, 
inferior vena cava (IVC) anterior and to the right of the 
descending aorta. Stomach in the left of the fetal abdomen

Video 2.3 Balanced four-chamber view, cardiac apex to the left. The left 
and right ventricles are of similar size. The mitral and tricuspid 
valves open freely. The heart size is normal

Video 2.4 Tilting the transducer cranially from the four-chamber view to 
demonstrate the left ventricular outflow tract (LVOT). The 
LVOT arises from the centre of the heart and courses towards 
the right shoulder. The aortic valve is seen to open freely and 
there is continuity of the interventricular septum and LVOT

Video 2.5 Right ventricular outflow tract arising anteriorly, close to the 
chest wall, continuing straight back towards the spine as the 
main pulmonary artery and then the arterial duct. The pulmo-
nary valve opens freely with no restriction. The ascending 
aorta and superior vena cava are seen in cross section to the 
right of the ductal arch

Video 2.6 Tilting the probe cranially from the 3VV, the aorta sweeps to 
the left of the trachea to meet the arterial duct forming a ‘V’ 
shape’. The transverse aortic arch to the aortic isthmus is of 
normal calibre

Video 2.7 This four-chamber view video shows the moderator band in the 
apex of the right ventricle. The foramen ovale and foramen 
ovale flap are well visualised

Video 2.8 This sonographic illustrates the main pulmonary artery bifur-
cating into the right pulmonary artery and duct. A small cranial 
angulation switches the view to a 3 vessel and trachea (3VT) 
view

Video 2.9 This view shows the branching of the mian pulmonary artery 
into left and right pulmonary arteries, just below the level of 
the arterial duct

List of Videos
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Video 2.10 This view shows the sweep between the view of the left ven-
tricular outflow tract which heads towards the right shoulder of 
the fetus and the branching main pulmonary artery which has 
an anteroposterior orientation

Video 2.11 This is a sonographic sweep from the four-chamber view to the 
3 vessel and trachea view. With practice, the normal screening 
views can be obtained by a caudal to cranial smooth sweep 
through the fetal abdomen and thorax

Video 3.1 A twin video clip demonstrates simultaneous 2D and color 
Doppler of the ductal arch. On the left side panel a longitudinal 
plane of the fetus demonstrates the pulmonary artery in conti-
nuity with the ductal arch connecting to the descending aorta. 
The aortic valve can be appreciated in short axis. The right side 
panel demonstrates a unaliased antegrade flow throughout the 
pulmonary artery, ductal and aortic arches. In addition, the 
ductus venosus is well seen on both clips. The typical small 
vessel with echogenic walls connecting the umbilical vein with 
the inferior vena cava can be appreciated in this longitudinal 
view of the fetus

Video 3.2a Sagital view of the aortic arch in 2D demonstrates the head and 
neck vessels in longitudinal cut

Video 3.2b A twin video clip demonstrates simultaneous 2D and color 
Doppler imaging of the aortic arch. A longitudinal plane of the 
fetus demonstrates the aortic arch and the head and neck ves-
sels also in longitudinal cut on the left side panel. Color 
Doppler confirms normal antegrade flow pattern within aortic 
and inferior vena cava on the right side panel

Video 3.3 This video clip shows the fetus imaged in a longitudinal (sagit-
tal) plane cutting the right and left ventricles in short axis. The 
anterior chest wall is uppermost in the video and the spine is 
lowermost. The right ventricle is seen anteriorly and the more 
circular profile of the left ventricle is posterior. The bileaflet 
nature of the mitral valve is appreciated as well and the short 
axis view of the aortic valve and the longitudinal view of the 
pulmonary valve and pulmonary artery which is in continuity 
with the ductal arch

Video 4.1 Full sweep of normal fetal heart with superimposed color Flow 
Doppler from situs, through the four-chamber view, left and 
right outflow tracts and finally into the three-vessel view. 
Orientation: spine posterior, fetal left to right of screen

Video 4.2 Five-chamber (LVOT) view, but focussing on pulmonary veins, 
showing simultaneous display of 2D grey-scale and color flow 
Doppler. Orientation: spine to right of screen, Left ventricle 
inferior

Video 4.3 Four-chamber view focussing on inlets. Red signals represent 
inflow across mitral (lowermost) and tricuspid (uppermost) 
valves, narrow blue jet represents tricuspid regurgitation. 
Orientation: spine posterior, fetal left to right of screen

List of Videos
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Video 4.4 Left ventricular outflow tract view with red signal showing 
normal velocity anterograde flow across the aortic valve. 
Orientation: spine to right of screen, left ventricle inferior

Video 4.5 Right ventricular outflow tract/pulmonary artery view. Left 
panel shows 2D greyscale, right panel shows simultaneous 
Color Flow Doppler. Initially showing main pulmonary artery 
with normal anterograde flow, sweeping slightly more superi-
orly the branch pulmonary arteries clearly seen. Orientation: 
spine to left of screen, right side uppermost

Video 4.6 Three vessel view. Orientation: spine lowermost on screen, 
fetal left on right side of screen. The three vessels; the superior 
caval vein is seen in cross section as a dark circle, next the 
aorta and then pulmonary artery are seen forming a V-shape 
with apex to the (fetal) left of spine. Color Flow Doppler shows 
anterograde flow with uniform velocity, in both aorta and pul-
monary artery

Video 4.7 Three vessel view. Orientation: spine lowermost on screen, 
fetal left on right side of screen. There is forward flow in the 
aorta but proximal pulmonary artery shows (red) retrograde 
Color Flow Doppler as supply comes from arterial duct due to 
pulmonary valve atresia

Video 4.8 Sagittal aortic arch view. Orientation; spine uppermost, cepha-
lad to left of screen, caudal to right of screen. Three major 
aorto-pulmonary collateral arteries are seen arising from tho-
racic descending aorta, in this case due to pulmonary atresia

Video 5.1 Normal four-chamber view of the heart. There is dynamic 
function of both the left and right ventricles with complete 
opening of the tricuspid and mitral valves during diastole

Video 5.2 Four-chamber view with color flow Doppler showing inflow to 
both Ventricles (red) and flow out of the left ventricle (blue). 
There is no mitral or tricuspid valve regurgitation

Video 5.3 The heart is enlarged and the left ventricle contracts particu-
larly poorly. There is significant mitral and tricuspid valve 
regurgitation shown by the blue jets

Video 5.4 The ultrasound cursor is placed at 90° to the plane of the ven-
tricular septum. This permits visualisation of the motion of 
both the left and right ventricular free walls on the M-mode 
trace on the right. The image can be frozen and the end-dia-
stolic and systolic dimensions of the ventricles can be mea-
sured to compute the fractional shortening

Video 5.5 Four-chamber view of the fetal heart. The green lines mark the 
epicardial and endocardial surfaces of the myocardium which 
is tracked through the cardiac cycle to allow computation of 
longitudinal strain (myocardial deformation)

Video 5.6 The heart is enlarged. There is prominent flow through the left 
pulmonary veins (shown in red) due to the presence of a large 
pulmonary arteriovenous malformation. This leads to volume 
loading of the heart accounting for its enlargement

List of Videos
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Video 5.7 Four-chamber view of a fetus with non-compaction of the 
myocardium. There are deep crypts within the myocardium, 
particularly towards the apex of the left and right ventricles

Video 5.8 Four-chamber view with color flow Doppler showing color 
entering the crypts within the myocardium which is particu-
larly well seen towards the apex of the left and right ventricles. 
This feature is pathognominic of noncompaction of the 
myocardium

Video 6.1 The heart is seen in an apical four-chamber view. It occupies 
about one-third of the thorax. If the angle between the inter-
ventricular septum and the midline of the thorax is measured, 
the normal value at first trimester is about 50°. The two atri-
ums and ventricles are seen in transverse cut. The atria and 
ventricles are of equal size. The foramen ovale in the centre 
of atrial septum and the septum primum are seen. There is a 
subtle ‘off-setting’ of the atrioventricular valves as the septal 
leaflet of the tricuspid valve is inserted lower in the ventricu-
lar septum than the mitral valve. The ventricular septum 
appears intact from apex to crux. Color flow Doppler demon-
strates equal ventricular filing of the left and right ventricles 
on the right-side panel image. This is a normal four-chamber 
appearance at first trimester

Video 6.2 This is an apical four-chamber view demonstrating a complete 
atrioventricular septal defect as there is loss of offsetting of the 
atrioventricular valves. The primum atrial septum is not extend-
ing to the atrio-ventricular junction. A common atrioventricu-
lar valve can be appreciated in this 13 week fetus

Video 6.3 This is a correct apical four-chamber plane demonstrating 
enlargement of the right atrium on 2D on the left side panel. On 
the right-sided panel the simultaneous image of the color 
Doppler shows significant tricuspid valve regurgitation as the 
cause of the right atrial dilatation. The TR jet arises towards the 
apex of the RV consistent with displacement of the tricuspid 
valve

Video 6.4 First trimester sweep of great arteries. In this transverse cut the 
left ventricular outflow tract is first seen in color and then the 
transverse aortic arch and the pulmonary artery meet in a “V” 
shape anterior to the trachea. Both arteries have antegrade flow 
and appear equal in size

Video 6.5 First trimester sweep of great arteries. In this transverse cut 
normal four-chambers are seen and then the parallel arrange-
ment of the great arteries on both 2D and color Doppler flow is 
shown in this early example of the transposition of the great 
arteries at 13 weeks gestational age

Video 6.6 This video shows a normal four-chamber view but a further 
sweep cranially reveals one large great artery arising from the 
centre of the heart without obvious early branching. This ves-
sel (aorta) is sitting astride a large outlet ventricular septal 
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defect. Color flow Doppler demonstrates antegrade flow within 
the large artery (aorta) and in the much smaller one (pulmo-
nary artery), which arises from the anterior right ventricle and 
crosses over the first one. This constellation of findings in this 
13 week fetus is consistent with tetralogy of Fallot

Video 6.7 This first trimester image demonstrates left aortic arch and an 
aberrant right subclavian artery arising from the descending 
aorta behind the trachea and below the transverse aortic arch 
and heading towards the right shoulder

Video 7.1 The four-chamber view demonstrates cardiomegaly in this 
example of critical aortic stenosis. A dilated, echogenic and 
non-apex forming left ventricle is seen. The left atrium appears 
dilated due to mitral regurgitation and a restrictive atrial sep-
tum which are confirmed on color flow Doppler

Video 7.2 The fetal heart is displaced into the right chest and the cardio-
thoracic ratio is decreased due to congenital diaphragmatic 
hernia

Video 7.3 A large perimembranous ventricular septal defect with inlet 
extension is seen in an apical four-chamber view in this fetus. 
There is the loss of off-setting of the atrioventricular valves. 
However, this is not an atrioventricular septal defect as there 
two separate atrioventricular valves and the primum atrial sep-
tum is present

Video 7.4a A moderate mid-muscular ventricular septal defect with a bidi-
rectional flow pattern seen on color flow Doppler

Video 7.4b In this case a small mid-muscular ventricular septal defect seen 
on color flow Doppler in the four-chamber view on the right 
panel. Note that there is no obvious defect seen on 2D grey-
scale, left sided panel

Video 7.5a A transverse sweep from abdomen to great arteries is demon-
strated in this video. Cross-section of the abdomen confirms 
normal situs. The loss of “off-setting” and straight atrioven-
tricular valves in ventricular systole is indicative of a complete 
atrioventricular septal defect. The great artery connections and 
transverse aortic arch are normal

Video 7.5b Another example of a complete atrioventricular septal defect is 
seen in this video. Normal cardiac situs and normal great artery 
connections are also confirmed

Video 7.5c A large atrioventricular septal defect is seen in this four-cham-
ber view

Video 7.5d This early fetal heart examination demonstrates loss of off-
setting due to an atrioventricular septal defect

Video 7.6 In the sagittal plane the short axis view of the left ventricle and 
the right ventricle are obtained. The right ventricle is anterior 
just below the sternum and the left ventricle is located more 
posteriorly. There is the appearance of a common atrioventric-
ular valve which spans across the ventricular septum in a case 
of atrioventricular septal defect

List of Videos
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Video 7.7 An unbalanced atrioventricular septal defect with dominant 
right ventricle and atrioventricular valve regurgitation is seen 
in this fetus and the additional finding of a pleural effusion. 
Trisomy 21 was confirmed on invasive testing

Video 7.8 The transverse sweep from abdomen to great arteries is dem-
onstrated in this 2D grey-scale video. Cross-section of the 
abdomen confirms normal situs. The apical four-chamber view 
shows a diminutive, slit-like left ventricle, which is not form-
ing the apex of the heart. Only one patent atrioventricular valve 
is seen on the right side which is the tricuspid valve. This 
appearance is indicative of mitral valve atresia in the four-
chamber view and the further sweep demonstrates a diminutive 
transverse aortic arch as seen in the setting of classical hypo-
plastic left heart

Video 7.9 In this four-chamber view there is only one patent atrioven-
tricular valve seen, the tricuspid. There is no flow across the 
mitral valve or within the left ventricle on color flow Doppler 
indicating mitral atresia

Video 7.10 In this case mitral stenosis and aortic atresia are demonstrated. 
With this variation there is a globular left ventricle with 
increased echogenicity. A small jet of antegrade flow across the 
mitral valve is visible on color flow Doppler within the left 
ventricle. Antegrade flow is seen across the pulmonary valve 
and arterial duct but the aortic arch is hypoplastic with reversal 
of flow seen in 3VT view

Video 7.11 The four-chamber view demonstrates a dilated, poorly con-
tracting, echogenic and non-apex forming left ventricle. This is 
a typical example of critical aortic stenosis. In addition, a 
restrictive atrial septum is seen. The right-hand panel demon-
strates flow across the right atrioventricular valve and within 
the right ventricle only

Video 7.12a There is significant asymmetry of the ventricles seen in this 
four-chamber view. The mitral valve is patent, but with a narrow 
annulus. The left ventricle is also slender, but apex-forming

Video 7.12b The color flow Doppler confirms flow across the mitral and 
tricuspid valves with filling of the ventricles, however the left 
side appears significantly smaller

Video 7.12c This 3VT view demonstrates a hypoplastic aortic arch in this 
case of severe coarctation of the aorta

Video 7.13 An unbalanced atrioventricular septal defect with a dominant 
right ventricle is seen in this fetus

Video 7.14 This apical four-chamber view shows tricuspid atresia. The tri-
cuspid valve is not present and there is no connection between 
the right atrium and the right ventricle. This results in a small 
right ventricle

Video 7.15 There is no flow across the right atrioventricular valve seen on 
color flow Doppler confirming the diagnosis of tricuspid atresia
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Video 7.16 The four-chamber view demonstrates no connection between 
the right atrium and the right ventricle. The right ventricle is 
small and a moderate-sized muscular inlet ventricular septal 
defect is also seen. A further sweep demonstrates normally 
connected and balanced great arteries and transverse aortic 
arch

Video 7.17a Looking towards the outflow tracts there is an abnormal 
appearance of the ventricles and the great arteries. The left 
ventricle is dominant and the right ventricle is hypoplastic and 
an outlet ventricular septal defect is seen. The great arteries are 
parallel indicating ventriculoarterial discordance (transposed 
great arteries). The aorta is smaller than the pulmonary artery 
suggestive of coarctation of the aorta

Video 7.17b Further color flow Doppler confirms forward flow in the paral-
lel great arteries. The aorta is smaller than the pulmonary artery

Video 7.18 This is an example of an abnormal four-chamber view in a case 
of pulmonary atresia with intact ventricular septum. The right 
ventricle is hypertrophied and hypoplastic. On the right-hand 
panel, color flow Doppler demonstrates flow within both ven-
tricles including the hypoplastic right ventricle. There was a 
small but patent tricuspid valve. In addition, dilated coronary 
arteries crossing the interventricular septum are seen on color 
flow Doppler

Video 7.19 The 3V view in this same fetus shows the pulmonary artery is 
slightly smaller than the aorta. The pulmonary artery branches 
are slender but confluent. On the right-hand panel, retrograde 
flow in the main pulmonary artery is seen using color flow 
Doppler

Video 7.20 In this clip an example of double inlet ventricle is seen. In the 
four-chamber view, there are two atria and two atrioventricular 
valves opening into a single, anatomically left ventricle. There 
is loss of offsetting of the atrioventricular valves and no ven-
tricular septum is seen dividing the ventricular mass. Further 
sweep shows hypoplastic right ventricle which is superior to 
the left ventricle. The great arteries are transposed, a large pul-
monary artery arises from the left ventricle and a small aorta 
arises from the right ventricle. There is a ventricular septal 
defect, which is in an abnormal plane but in typical location for 
this condition. The color flow Doppler confirms a forward flow 
in both great arteries on the right-hand panel

Video 7.21 Tricuspid valve regurgitation is seen in this case of Ebstein’s 
anomaly of the tricuspid valve. Typically, the regurgitation 
starts much closer to the apex of the heart than in a normally 
attached tricuspid valve

Video 7.22 This sweep from four-chamber to the great artery view con-
firms displacement of the tricuspid valve into the right ventri-
cle but with normally connected great arteries. The pulmonary 
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artery appears smaller than the aorta but with forward flow 
across the valve and the arterial duct

Video 7.23 The four-chamber view demonstrates an example of tricuspid 
valve dysplasia. The tricuspid valve appears thickened but not 
displaced. There is marked cardiomegaly due to severe enlarge-
ment of the right atrium caused by tricuspid regurgitation

Video 7.24 In this video an apical four-chamber view demonstrates atrio-
ventricular discordance. The pulmonary venous chamber (left 
atrium) is anterior to the spine. This connects to a ventricle 
with a moderator band at the apex. There is reversed off-setting 
of the atrioventricular valves. The left-sided atrioventricular 
valve arises closer to the apex indicating that this is the tricus-
pid valve. This indicates the morphological right ventricle is on 
the left side. The right-sided ventricle is smooth walled indica-
tive of a morphological left ventricle. These features are con-
sistent with atrioventricular discordance

Video 7.25 The outflow tract assessment reveals that the pulmonary artery 
arises from the morphological left ventricle and is seen first on 
sweeping cranially. The aorta arises anterior and to the left of 
the pulmonary artery from the morphologic right ventricle

Video 7.26 There is reversed flow in the aortic arch during diastole. This is 
seen in cases of fetal growth restriction due to the ‘brain spar-
ing effect’

Video 8.1 Normal four-chamber view in fetus with transposition of the 
great arteries

Video 8.2 Sonographic sweep showing the branching pulmonary artery 
arising from the left ventricle. On sweeping more cranially, the 
aorta can be seen to arise from the right ventricle. The normal 
3VT appearance is not evident

Video 8.3 In this video, the branching PA is seen more posteriorly fol-
lowed by visualisation of the aorta more anteriorly as the ultra-
sound probe is angulated superiorly

Video 8.4 Sonographic sweep utilising color Flow Doppler to illustrate 
the pulmonary artery arising from the LV and, more cranially, 
the aorta arising from the RV

Video 8.5 Parallel arrangement of the great arteries with the aorta ante-
rior is evident in this video. There is loss of the normal “cross-
ing” pattern of the great arteries

Video 8.6 This is a sagittal projection of transposition of the great arter-
ies. The arteries arise in parallel from the heart with the aorta 
anterior. Note that the aortic arch is superior to the ductal arch 
and that the plan of the two arches is similar so that they my 
both be seen in the same sonographic cut, in contrast to the 
normal heart

Video 8.7 A large perimembranous VSD is clearly evident on the four-
chamber view in this fetus with TGA

Video 8.8 In this video the left panel show that the great arteries arise in 
parallel but that the pulmonary artery is significantly smaller 
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than the aorta. The right panel demonstrates aliasing of color 
flow in the pulmonary artery due to pulmonary valve stenosis. 
There is also a red jet of retrograde flow in the arterial duct

Video 8.9 Common arterial trunk: This video shows the sweep from four-
chamber view superiorly towards the common arterial trunk 
which overrides a ventricular septal defect

Video 8.10 Short axis view of a common arterial trunk showing the origin 
of the branch pulmonary arteries as well as continuation of the 
trunk into a right sided aortic arch

Video 8.11 The common arterial trunk is shown in short axis along with 
the origin of the branch pulmonary arteries

Video 8.12 Dual display of greyscale and color flow Doppler image of the 
common arterial trunk arising predominantly from the RV. The 
left pulmonary artery can be seen arising from the common 
arterial trunk

Video 8.13 Truncal valve stenosis and regurgitation

There is marked aliasing of blood flow across the truncal valve, 
indicating stenosis of the truncal valve. There is also truncal 
valve regurgitation as evidenced by the red jet of blood flowing 
back from the trunk into the RV

Video 8.14 Rotation of the cardiac apex to the left is illustrated in a fetus 
with tetralogy of Fallot

Video 8.15 Sweep from the four-chamber view to the aorta demonstrating 
overriding of the aorta. There is loss of the normal continuity 
between the anterior wall of the aorta and the ventricular 
septum

Video 8.16 Short axis views illustrating relative hypoplasia of the pulmo-
nary arteries compared to the aorta. The pulmonary arteries are 
confluent

Video 8.17 This sweep shows all of the key features of tetralogy of Fallot 
including a normal four-chamber view, overriding of the aorta 
and normal antero-posterior orientation of the main pulmonary 
artery. The aortic arch is left sided in this example

Video 8.18 This sonographic view of the upper mediastinum shows a right 
sided aortic arch and retrograde flow into the pulmonary arter-
ies through a right sided arterial duct

Video 8.19 This is an oblique view illustrating a short axis view of the 
aortic valve. The VSD is seen showing continuity between the 
tricuspid valve and the aorta (perimembranous VSD) and ante-
rior deviation of the outlet septum into the right ventricular 
outflow tract

Video 8.20 This dual projection image shows overriding of the aorta above 
a ventricular septal defect which is confirmed on color flow 
Doppler

Video 8.21 This sweep from the four-chamber view shows normal four-
chamber appearances, overriding of the aorta, no demonstrable 
pulmonary arteries and a left sided aortic arch
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Video 8.22 The aorta arises astride a ventricular septal defect and the pul-
monary arteries are confluent but severely hypoplastic

Video 8.23 Use of color flow Doppler in this fetus demonstrates small but 
confluent branch pulmonary arteries. There is retrograde (red) 
color flow in the right pulmonary artery

Video 8.24 Three major aortopulmonary arteries can be seen arising from 
the descending aorta in this view. The precise course of such 
arteries within the lungs is extremely difficult to determine 
during fetal life

Video 8.25 The cardiac axis is rotated to the left in this fetus with tetralogy 
of Fallot with absent pulmonary valve

Video 8.26 This sweep from the four-chamber view illustrates the rudi-
mentary nature of the pulmonary valve and the marked dilation 
of the branch pulmonary arteries. Note that the descending 
aorta is to the right of the spine (right aortic arch)

Video 8.27 Sonographic sweep from four-chamber view showing aortic 
override, abnormal pulmonary valve and dilated branch pul-
monary arteries

Video 8.28 Early gestation fetus (17 weeks) showing dramatically enlarged 
and pulsatile branch pulmonary arteries

Video 8.29 Use of color flow Doppler clearly illustrates the to and fro 
nature of blood flow across the rudimentary pulmonary valve

Video 8.30 The antegrade flow across the pulmonary valve ring is blue and 
aliased, contrasting with the severe regurgitation illustrated by 
the retrograde flow from the pulmonary arteries into the right 
ventricle (red color)

Video 8.31 Double outlet right ventricle illustrated by sweep from the 
four-chamber view to the great arteries. The aorta is seen first, 
followed by the pulmonary artery. Both great arteries arise 
entirely from the right ventricle

Video 8.32 In this example, the fetus is spine up with a relatively parallel 
arrangement of the great arteries with the aorta anterior (trans-
posed-type position). The pulmonary vale is in closest relation-
ship to the ventricular septal defect

Video 8.33 This fetus has a complete atrioventricular septal defect with 
double outlet right ventricle. In this example the aorta is ante-
rior to the pulmonary artery which is also significantly smaller 
than the aorta

Video 8.34 Spatio-temporal image correlation (STIC) in a fetus with dou-
ble outlet right ventricle. This multi-slice view shows sequen-
tial sonographic cuts from inferiorly (lower panels) to 
superiorly (upper panels) in the fetal heart to assist in under-
standing the spatial orientation in this lesion

Video 8.35 STIC representation of the ventricles and great arteries in fetal 
double outlet right ventricle. The depth of field enhances 
understanding of the relative position of the vessels

Video 8.36 Aortic valve stenosis. In this example, left ventricular function 
is good but the aortic valve appears dysplastic and restricted in 
its motion
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Video 8.37 In this oblique sagittal view of a fetus with mild aortic valve 
stenosis, there is poststenotic dilation of the ascending aorta

Video 8.38 Short axis view of the aortic valve illustrating that this is bicus-
pid. The morphology of the valve may only be visualised with 
good image quality, typically in the late second trimester and 
beyond

Video 8.39 Classical view of critical aortic valve stenosis. The left ventri-
cle is dilated, echogenic and poorly contractile. The excursion 
of the mitral valve is reduced. The echogenicity of the left ven-
tricle (endocardial fibroelastosis) is most marked in the ven-
tricular septum

Video 8.40 Four-chamber view of critical aortic valve stenosis with color 
flow Doppler. The left ventricle is dilated and contracts poorly. 
There is significant mitral valve regurgitation and tricuspid 
valve regurgitation

Video 8.41 Four-chamber view of critical aortic valve stenosis showing 
left to right flow of blood at atrial level, the reverse of the nor-
mal pattern

Video 8.42 This sagittal view of the aortic arch shows retrograde flow in 
the aortic arch, confirming critical left heart obstruction

Video 8.43 Critical aortic stenosis at 20  weeks gestational age with a 
dilated poorly functioning left ventricle

Video 8.44 This is the same fetus as Video 8.43 but now at 29 weeks ges-
tational age. The right ventricle now forms the cardiac apex 
and the size of the left ventricle is now smaller than the right 
ventricle

Video 8.45 Four-chamber view of the same fetus as Videos 8.43 and 8.44, 
now at 34  weeks gestational age. The left ventricle is now 
severely hypoplastic, echogenic and does not contract. These 
findings are almost identical to classical hypoplastic left heart 
syndrome

Video 8.46 Pulmonary atresia with intact ventricular septum. The right 
ventricle in this example is dilated with poor function. There is 
little excursion of the tricuspid valve. In contrast left ventricu-
lar function is normal and the mitral valve opens well

Video 8.47 The right ventricle is hypertrophied with reduced cavity size. 
There is significant tricuspid valve regurgitation, which had a 
Doppler velocity in excess of 4 m/s confirming elevated right 
heart pressures. There is also mild mitral valve regurgitation

Video 8.48 This oblique view shows normal opening of the aortic valve. In 
contrast, the pulmonary valve has restricted motion during 
systole

Video 8.49 Critical pulmonary valve stenosis. There is turbulent flow 
across the pulmonary valve shown and color flow aliasing 
despite a high Doppler scale. The Doppler velocity was in 
excess of 3 m/s

Video 8.50 Pulmonary atresia with intact ventricular septum. This four-
chamber view shows severe hypoplasia and hypertrophy of the 
right ventricle with an RV cavity which is almost obliterated. 
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Color flow Doppler confirms normal filling of the left ventricle 
but virtually no flow into the right ventricle. Towards the apex 
of the right ventricle there are color foow jets over the myocar-
dium consistent with RV to coronary communications

Video 8.51 This video clip shows normal (blue) flow out of the left ven-
tricle. There is retrograde filling of the branch pulmonary 
arteries

Video 9.1 Four-chamber view demonstrating ventricular disproportion. 
The right atrium and ventricle are wider than the left atrium 
and ventricle. The left ventricle does reach the apex however

Video 9.2 Sweep from the three-vessel to three vessel and tracheal view 
showing arterial disproportion. The pulmonary artery is larger 
than the ascending aorta and the arterial duct is larger than the 
transverse aortic arch, which is difficult to appreciate on 2D

Video 9.3 Sweep from the left ventricular outflow tract view to the three 
vessel and tracheal view showing arterial disproportion. The 
pulmonary artery is larger than the aorta and the arterial duct 
is larger than the transverse aortic arch. Color flow mapping 
shows there is antegrade flow across the slender transverse 
aortic arch

Video 9.4 A modified view showing the short axis of the heart. In the 
center of the picture is a bicuspid aortic valve

Video 9.5 Sweep from the four-chamber view to the three vessel and 
tracheal view showing ventricular and arterial disproportion. 
A dilated coronary sinus can be seen on the four-chamber 
view. The three-vessel view shows 4 vessels—the fourth ves-
sel is the persistent left superior vena cava. The transverse aor-
tic arch is slender

Video 9.6a Three vessel and tracheal view demonstrating a right sided aor-
tic arch. The arterial duct passes to the left of the trachea and 
then behind it to join with the aortic isthmus on the right

Video 9.6b Three vessel and tracheal view with color flow mapping. This 
demonstrates antegrade flow in the right aortic arch and the left 
arterial duct

Video 9.7 Three vessel and tracheal view with color flow mapping dem-
onstrating antegrade flow in both the dominant right aortic arch 
and the slender left sided aortic arch. The left sided arterial 
duct is also visualized and shows antegrade flow

Video 9.8 Sweep from the four-chamber view to the three vessel and tra-
cheal view with color flow mapping. There is a normal four-
chamber view with no regurgitation, the aortic arch is left sided 
with normal flow pattern and the origin of the right subclavian 
artery is normal, passing anterior to the trachea

Video 9.9a Modified three vessel and tracheal view using color flow map-
ping demonstrating a left sided aortic arch with an aberrant 
right subclavian artery passing behind the trachea. In order to 
obtain the aortic arch and the aberrant right subclavian artery 
in one view, the probe must be tilted
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Video 9.9b Modified three vessel and tracheal view using color flow map-
ping demonstrating a left sided aortic arch with an aberrant 
right subclavian artery passing behind the trachea. In order to 
obtain the aortic arch and the aberrant right subclavian artery 
in one view, the probe must be tilted

Video 10.1 Transverse sweep from the fetal abdomen to the four-cham-
ber view demonstrating the normal azygous vein. The small 
azygous vein is seen posterior and to the right of the descend-
ing aorta

Video 10.2 Parasagittal view demonstrating the course of the umbilical 
vein towards the ductus venosus on 2D and color. The usual 
course of the inferior vena cava toward the right atrium is also 
shown. At the origin of the DV, the blood coming from the 
umbilical vein accelerates leading to aliasing of the color 
flow signal

Video 10.3 Transverse view at the level of four-chamber view demonstrat-
ing the dilated coronary sinus and pulmonary venous flow both 
on greyscale and color flow Doppler. In cases where there is 
normal pulmonary venous drainage to the left atrium as dem-
onstrated in this case, a dilated coronary sinus is suggestive of 
the presence of PLSVC

Video 10.4 Transverse view at the level of three vessel view demonstrating 
the presence of four vessels. From right to left, the right supe-
rior vena cava, ascending aorta, main pulmonary artery/duct 
and left superior vena cava are seen. The full length of the main 
pulmonary artery and duct is seen with the other vessels in 
cross-section

Video 10.5 Transverse view at the level of the three-vessel view demon-
strating on color the presence of single left superior vena cava 
to the left of the pulmonary artery. On sweeping cranially, right 
to left flow in the innominate vein drain to the left SVC can be 
visualised

Video 10.6 Sagittal view of the fetal thorax and upper abdomen demon-
strating the two parallel vessels of similar size “double vessel” 
appearance. The descending aorta is visualized in blue color 
and the azygous vein in red. No inferior vena cava is seen pass-
ing through the liver. Interruption of the inferior vena cava with 
azygous continuation is strongly associated with left atrial 
isomerism

Video 10.7 Sagittal view demonstrating direct drainage of the umbilical 
vein to the right atrium using color flow Doppler. This fetus 
had agenesis of the ductus venosus. The normal inferior vena 
cava has a course from the abdomen to the right atrium. Parallel 
to the spine the normal descending aorta is visualized (blue 
color)

Video 10.8 A transverse view at the level of four-chamber view demon-
strating the smooth wall of the left atrium. No pulmonary veins 
are seen draining to the left atrium. A confluence is identified 
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at the back of the left atrium suggestive of total anomalous 
pulmonary venous drainage

Video 10.9a Transverse sweep from the four-chamber view to the three ves-
sel view demonstrating the presence of an ascending vein (red 
color) at a place where a PLSVC is expected to be found

Video 10.9b In a more superior view the ascending vein is seen draining to 
the innominate vein (red flow) which joins the RSVC

Video 10.10 Tranverse sweep from the four-chamber view to an inferior 
plane where the dilated coronary sinus is seen. The pulmonary 
veins can be seen in red joining the coronary sinus and draining 
to the right atrium

Video 10.11 Fetus with infracardiac total anomalous pulmonary venous 
drainage. Longitudinal view of the fetal thorax and abdomen in 
color demonstrating the descending aorta and a venous channel 
originating from the confluence of pulmonary veins and drain-
ing into the liver

Video 10.12 Transverse view at the level of the three-vessel view of a fetus 
with left atrial isomerism. The left sided panel demonstrates 
dilated azygous vein draining into the SVC on 2D. This is con-
firmed on color flow Doppler on the right sided panel image. 
The dilated azygous vein (red color) draining into the superior 
vena cava is visualized. The aorta is seen in cross section and 
the pulmonary artery in blue color

Video 10.13 Transverse plane at the level of the four-chamber view demon-
strating the presence of two vessels of similar size “double ves-
sel” in front of the spine (the azygous vein and the descending 
aorta) which suggests the presence of interrupted inferior vena 
cava and left atrial isomerism. The azygous vein is posterior 
and to the right. The color Doppler flow demonstrates normal 
pulmonary venous drainage to the left atrium

Video 11.1 Atrial extrasystoles (atrial ectopic beats)
Video 11.2 Identification of supraventricular tachycardia using M Mode. 

The sample line is placed to ensure that it passes through atrial 
and ventricular tissue

Video 11.3 Supraventricular tachycardia with hydrops. Bilateral pleural 
effusions are seen. The atrial and ventricular rates are identical 
on the M-mode

Video 11.4 Atrial flutter. The atrial rate is much faster than the ventricles
Video 11.5 Fetus with ventricular tachycardia. The ventricular rate is faster 

than the atrial rate
Video 11.6 Demonstration of M mode to assess the atrial and ventricular 

rate simultaneously in the context of complete heart block. The 
M Mode cursor is aligned almost perpendicular to the atrial 
wall and the ventricle. The lower portion of the M-mode trace 
shows the regular atrial trace and the upper portion the slower 
ventricular rate

Video 11.7 Complete heart block due to maternal anti-Ro antibodies. There 
is good ventricular function and no effusions are evident
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Video 11.8 Complete heart block due to maternal anti-Ro antibodies. This 
is seen in association with a pericardial effusion and wide-
spread echogenicity of the heart at the crux, mitral valve and 
ventricular septum

Video 12.1 Axial bSSFP cine image series, equivalent to the “four-cham-
ber view” in fetal echocardiography. The original dynamic 
sequence was acquired over several cardiac cycles, following 
which retrospective image processing techniques were applied 
to synchronise images to the correct cardiac phase and correct 
for gross fetal motion

Video 15.1 Four-chamber view of a fetus with non-compaction of the 
myocardium. The apices of both left and right ventricles are 
abnormally trabeculated with deep recesses (crypts)

Video 15.2 Four-chamber view of a fetus with non-compaction of the 
myocardium with the addition of color flow Doppler to demon-
strate the deep crypts within the myocardium of the left and 
right ventricles which are pathognomonic of this condition

Video 15.3 This video shows a large cystic teratoma in association with 
fetal hydrops

Video 15.4 This fetus has a large teratoma with typical non-uniform echo-
genicity. It may be impossible to visualize the point of attach-
ment of the teratoma to the heart or outflow tracts. Most are 
attached to the aorta

Video 15.5 This video shows the echogenicity of both the descending 
aorta and of the right pulmonary artery

Video 16.1 Four-chamber view of the fetal heart at 19  weeks gestation, 
demonstrating hypoplastic left heart syndrome (HLHS). The 
right ventricle is well developed and the tricuspid valve is seen 
to open normally. Sweeping to the well-developed arterial duct 
and hypoplastic aortic arch

Video 16.2 Four-chamber view of the heart demonstrating ventricular dis-
proportion secondary to coarctation of the aorta

Video 16.3 Transposition of the great arteries. The four-chamber view and 
great arteries are balanced. The pulmonary artery arises poste-
riorly from the left ventricle and the aorta anteriorly from the 
right ventricle

Video 16.4 Four-chamber view of pulmonary atresia intact ventricular 
septum. The right ventricle is poorly functioning with evidence 
of endocardial fibroelastosis (EFE)

Video 16.5 Tetralogy of Fallot. The aorta overrides the ventricular septum 
and the pulmonary artery and arterial duct are significantly 
smaller than the left sided aortic arch

Video 16.6 Four-chamber view of the fetal heart. Complete atrioventricu-
lar septal defect (AVSD) with a balanced ventricular view

Video 18.1 Axial view at the level of the four-chamber view which demon-
strates a thick atrial septum. On color there is only a small 
communication seen at the atrial level. This appearance is sug-
gestive of restriction at the atrial level
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Video 18.2 Balloon atrial septostomy. The balloon catheter is advanced 
from the IVC to the RA and then to the LA, where the balloon 
is inflated. Once clear of surrounding structures it is withdrawn 
sharply into the RA, tearing the atrial septum to create a gener-
ous interatrial communication. IVC inferion caval vein, RA 
right atrium, LA left atrium

Video 18.3 Transverse sweep from the four-chamber view to the three-
vessel view in a fetus with Ebstein’s anomaly. The typical 
apical displacement of the tricuspid valve is demonstrated 
and the atrialised portion of the right ventricle can be appreci-
ated. There is no significant tricuspid valve regurgitation in 
this case. There is forward flow in the pulmonary artery seen. 
The size of the pulmonary artery is smaller compared to the 
aorta and this will be indicative of right ventricular outflow 
obstruction
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