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The Atlas of Echocardiography in Pediatric and Congenital Heart Disease represents an excit-
ing and important new contribution to the field of pediatric/congenital cardiology. Written by 
veteran and acclaimed pediatric and adult cardiologists, Drs. Maryam Moradian and Azin 
Alizadehasl, this atlas is far from comprehensive—in fact, it is far more valuable than that. 
With a distinctly clinical approach, and based on the authors’ extensive experience in the field 
of pediatric and congenital echocardiography, the text examines the pertinent echocardio-
graphic findings encountered in the most common forms of pediatric and congenital heart 
disease. With beautifully illustrative smartly selected figures throughout the atlas, the authors 
choose to focus on echocardiographic areas of particular clinical interest—with special atten-
tion to areas that are most important and perhaps most challenging to evaluate correctly. What 
are the most important fetal echocardiographic clues to the diagnosis of tetralogy of fallot? 
What are the key echocardiographic findings to prognosticate in children with Ebstein’s anom-
aly of the tricuspid valve? How does transesophageal and/or 3D echocardiography contribute 
to the evaluation of patients with mitral valve pathology? Rather than attempt an exhaustive 
review of the field, the authors provide an insightful series of clinically important hints and 
clues on how/why to evaluate the most common forms of heart disease in the fetus, child, and 
young adult. The result is a clinically invaluable tool for all of those who perform/interpret 
pediatric/congenital echocardiography—written in a refreshingly conversational and easy-to- 
read style, but covering a wide range of vitally important concepts of the most common forms 
of congenital/pediatric heart disease. This innovative and practical new atlas is certain dramati-
cally to improve the real world, clinical practice of pediatric/congenital echocardiography, 
from the fetus to the adult.

Mark S. Sklansky
Professor and Chief, Pediatric Cardiology

Co-Director, Pediatric/Congenital Heart Program
Medical Director, UCLA Children’s Heart Center

Director, UCLA Fetal Cardiology Program
UCLA Mattel Children’s Hospital

David Geffen School of Medicine at UCLA,
Los Angeles, CA, USA
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Nowadays, figure-based books are receiving more attention. All the chapters of this book deal 
with a specific diagnosis of cardiovascular disease using educative and attractive echocardio-
graphic figures of pediatric cardiology. Almost all of the figures are not simply a single good 
illustration, but rather they are a sequence of images prepared and gathered from our patients 
with the problem being demonstrated showing the necessary features for the diagnosis and its 
severity.

The target group of this book is both those who are new to the field of pediatric cardiology 
and those who are skilled in different areas of this field. This is not intended to be a textbook, 
but it is a practical figure-based guide to all medical students, cardiology residents, fellows in 
different aspects of pediatric cardiology such as echocardiography, interventional cardiology, 
and cardiac surgeons. Of course, this atlas can be helpful for adult echocardiography fellows 
and also adult congenital heart disease fellows.

All of the images of different chapters used in this book were collected by our colleagues/
authors whom we owe a great debt. As the adult population with congenital heart disease is 
increasing rapidly, in this Atlas we used both options of displaying the apical and subcostal 
views, regarding cardiac apex, to be more useful for both pediatric and adult cardiologists.

Our thanks go to all our families who understand the importance of the time spent for pre-
paring and writing this book.

Special appreciation and thanks to Springer company, Grant Weston, and Anand 
Shanmugam for their editorial assistance in the preparation of the content of the book.

Tehran, Iran Maryam Moradian 
Tehran, Iran  Azin Alizadehasl  

Preface
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Atrial Septal Defect (ASD)

Maryam Moradian and Azin Alizadehasl

Abstract

To evaluate an ASD by echocardiography it is important 
to evaluate its location, size, enlargement of right side 
chambers, associated anomalies, and not to confuse it 
with normal variants like prominent Eustachian valve. As 
atrial septum is a posterior structure if its visualization is 
not straight forward contrast study and transesophageal 
echocardiography (TEE) would be helpful.

 Atrial Septal Defect (ASD)

 1. Evaluate the enlargement of right atrium (RA) and right 
ventricle (RV) (hallmarks of atrial level shunt) and dila-
tion of pulmonary artery

 2. Evaluate the ASD in different views especially subcostal 
views (coronal and sagittal views) (Fig. 1.1)

 3. Dose the edge of the defect produce any T-artifact? 
(Defect edges are more echogenic producing the so- 
called T-artifact)

 4. Where is the location of the defect in the septum? 
Secundum ASD, primum ASD, sinus venousus 
(Fig. 1.2), unroofed coronary sinus defect (Fig. 1.3a, b)

 5. Do not confuse the Eustachian valve with the rim of 
ASD (Fig.  1.4a). Also check for prominent chiary net 
(Fig. 1.4b).

 6. Evaluate paradoxical septal motion both by two dimen-
sional (2D) and M mode echocardiography in paraster-
nal views, also in parasternal long axis view evaluate 

mitral valve prolapse (MVP), and by angling the trans-
ducer toward the left shoulder evaluate pulmonary valve 
leaflets for doming and stenosis
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Fig. 1.1 Subcostal view showing large ASD secundum (arrow). ASD 
atrial septal defect, PV pulmonary vein, LA left atrium, RA right atrium

Fig. 1.2 Subcostal sagittal view showing sinus venosus defect (arrow 
heads). IVC inferior vena cava, SVC superior vena cava, LA left atrium, 
RA right atrium
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 7. Crab view (suprasternal short axis view) is very useful 
for demonstrating the pulmonary veins connection to 
left atrium (LA)

 8. Use color Doppler and Doppler profile to evaluate the 
atrial level shunt direction, tricuspid regurgitation and 
its pressure gradient for estimation of right ventricular 
systolic pressure, also evaluate the presence of any pul-
monary valve stenosis and/or pulmonary hypertension

 9. Contrast study and transesophageal echocardiography 
(TEE) are useful to evaluate more details (Fig. 1.5a, b)

 10. During fetal life if the foramen ovale (FO) size is more 
than 28–33% of the interatrial septal length size, one 
may consider an ASD after birth (Fig. 1.6)

 11. ASD can also be evaluated using three dimensional (3D) 
echocardiography (Fig. 1.7)

a b

Fig. 1.3 (a, b) Subcostal coronal view with posterior angulation showing unroofed coronary sinus defect with left to right shunt from LA to 
dilated coronary sinus (arrow heads). LA left atrium, RA right atrium CS coronary sinus

a b

Fig. 1.4 (a) Transthoracic echocardiography (TTE) subcostal sagittal image, arrow heads point to prominent Eustachian valve. (b) Transthoracic 
echocardiography subcostal coronal image, arrow indicates prominent chiary net. LA left atrium, RA right atrium

M. Moradian and A. Alizadehasl
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a b

Fig. 1.5 (a, b) TEE four chamber view. ASD secundum is shown by asterisk, the same patient after contrast injection arrow heads are pointed to 
negative washout of contrast bubbles by left to right shunt

Fig. 1.7 In This 3D apical four chamber view ASD secundum is shown 
by asterisk. RA and RV are enlarged

Fig. 1.6 In this four chamber view of fetal heart arrow heads point to 
flap of foramen ovale

1 Atrial Septal Defect (ASD)
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Atrioventricular Septal Defect (AVSD)

Maryam Moradian and Azin Alizadehasl

Abstract

Evaluate the diagnostic echocardiography features of 
atrioventricular septal defects (AVSDs) including the 
same insertion of atrioventricular valves, presence of an 
ASD primum, “goose neck” deformity, counterclockwise 
rotation of left ventricular papillary muscles, and cleft of 
left atrioventricular valve. Assess if it is suitable for biven-
tricular repair.

 Atrioventricular Septal Defect (AVSD)

 1. Evalute these important anatomic findings shared by all 
types of AVSDs (partial, transitional, intermediate, and 
complete).
 (a) Same insertion of atrioventricular valve in apical 

four chamber view. In all forms of AVSD left and 
right component of atrioventricular valve (AV valve) 
insert at the same level (Fig. 2.1).

 (b) Presence of a primum type of atrial septal defect 
ASD primum (ASD primum).

 (c) Elongation of left ventricular out flow tract (LVOT) 
in long axis views (parasternal and subcostal) so 
called “goose neck” deformity (Fig. 2.2).

 (d) Counterclockwise rotation of LV papillary muscles. 
Evaluate this in parasternal short axis view at 3 and 
7 o’clock position in comparison with normal sub-
ject that papillary muscles are located at 4 and 8 
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Fig. 2.1 In this TEE four chamber view of transitional AVSD, arrow 
heads point to ASD primum. Both AV valves insert at same level. 
Ventricular level shunt through VSD is minimal due to” tricuspid 
pouch” formation. LA left atrium, RA right atrium, LV left ventricle, RV 
right ventricle, VSD ventricular septal defect

Fig. 2.2 In this subcostal view using color Doppler arrow heads point 
to “goose neck deformity “in this patient with an AVSD

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-62341-1_2&domain=pdf
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o’clock position. Also evaluate the number of MV 
papillary muscles.

 (e) Cleft of left AV valve in AVSD is directed toward 
the mid-portion of ventricular septum. (In paraster-
nal and subcostal short-axis views).

 2. Evaluate ASD primum in Partial AVSD especially in 
diastolic frames in apical four chamber view, systolic 
frames may underestimate the real size of ASD primum. 
Also evaluate the cleft of anterior mitral valve (MV) 
leaflet in parasternal short axis view at MV leaflets level 
using color flow Doppler will help you to evaluate the 
direction of the mitral regurgitation jet. Remember that, 
with time, this regurgitation may cause leaflet thicken-
ing and resembling as mitral valve prolapse (MVP).

 3. In Transitional AVSD evaluate the small VSD beside 
ASD primum and mitral valve cleft. The shunt via these 
inlet VSDs are small due to obliteration of VSD by 
chordal septal attachments (Fig. 2.1).

 4. Assess Intermediate AVSD and complete AVSD from 
the apical and subcostal four-chamber views and espe-
cially subcostal enface view to evaluate whether a 
tongue of tissue connects the superior and inferior bridg-
ing leaflets to form two distinct orifices in intermediate 
type.

 5. Also pay attention to any aberrant left atrioventricular 
valve chordal insertion and or displacement of a papil-
lary muscle into left ventricular out flow tract (LVOT). 
Presence of “goose neck “deformity along with these 
findings provides substrate for LVOT obstruction espe-
cially in partial AVSD (Fig. 2.3).

 6. Appreciate other abnormalities of mitral valve (MV), 
especially double- orifice and parachute mitral valve

 7. Evaluate if the ventricles are balanced in subcostal sag-
ittal plane, enface view. Remember that the right ven-
tricular (RV) dominancy may be associated with 
coarctation of aorta (COA) and arch abnormalities and 
left ventricular (LV) dominancy may be associated 
with pulmonary stenosis and atresia. Estimate the 
atrioventricular valve index (AVVI) or left AV valve 
area/right AV valve area in subcostal en face view. The 
amount of less than 0.67% suggests uni-ventricular 
surgical approach (Fig. 2.4a). Also you may consider 
the modified AVVI the ratio of left AV valve area/total 
AV valve area. AVVI between 0.4 and 0.6 is consid-

Fig. 2.3 In this trans esophageal long axis view at midesophageal 
level, cleft of anterior mitral leaflet (AML) is shown by asterisk, arrow 
heads point to abnormal chordal attachments causing subaortic narrow-
ing and stenosis

a b

Fig. 2.4 (a) Subcostal sagittal plane, enface view can be used to assess 
“balanced” versus “unbalanced “ventricles. In this patient, atrioven-
tricular inlet is shared equally by both ventricles which was confirmed 
by mitral valve (MV) area and tricuspid (TV) area planimetry. (b) 

Apical four chamber view showing RV: LV inflow angle in systole. The 
yellow arrow head points to junction of the two lines at the crest of the 
ventricular septum (RV: LV angle)

M. Moradian and A. Alizadehasl
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ered balanced AVSD, an AVVI <0.4 is considered 
right ventricular dominant, and AVVI >0.6 is consid-
ered left ventricular dominant.

 8. You may also use RV: LV inflow angle in systole. The 
angle between two lines that pass from each lateral 
hinge point of left and right AV valves and cross at crest 
of the ventricular septum at four chamber view. In cases 
of angle ≤114 ° consider single ventricular approach 
(Fig. 2.4b).

 9. If there is any doubt about real hypoplasia of LV use 
“potential volume” method by assuming normal septal 
configuration in parasternal short axis view.

 10. Visualize the anatomy of common AV valve in complete 
AVSDs in en face view and classify it into Rastelli Type 
A, B, or C:

Type A → superior bridging leaflet is evenly divided 
between the two ventricular inlets and attached to crest 
of ventricular septum with multiple chordal attachments 
(Fig. 2.5).

Type B → superior bridging leaflet is partially divided 
into two components, but not attached to crest of sep-
tum. Chordal attachment is from superior leaflet to a 
papillary muscle in RV septal surface.

Type C →  the bridging leaflet is completely undi-
vided, unattached and free floating with chordal attach-
ments to papillary muscle on RV free wall

 11. Three dimension echocardiography (3D) will help to 
evaluate the AV valve morphology and regurgitation 
(Fig. 2.6a, b).

 12. During fetal life AVSD can easily be detected in four 
chamber view (Figs. 2.7 and 2.8)

 13. Measuring the atrioventricular length ratio during fetal 
life is increased in AVSD comparing to normal fetuses. 
The normal value for atrial septal length to ventricular 
septal length ratio is 0.47 but in fetuses suffering from 
AVSD this ratio is 0.77

Fig. 2.5 TTE: subcostal coronal view, diastolic enface view of a com-
plete AVSD case (Rastelli type A)

a b

Fig. 2.6 (a, b) In this 3D TTE, common AV valve is shown by asterisks, and the regurgitation jets are seen using CFM in the same patient. Both 
ASD primum and secundum exist in this patient

2 Atrioventricular Septal Defect (AVSD)
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Fig. 2.8 Fetal echocardiography in four chamber view showing AVSD. 
RV right ventricle, LV. left ventricle, RA right atrium, LA left atrium

Fig. 2.7 Fetal echocardiogram in four chamber view of a complete 
AVSD, inlet VSD is demonstrated by asterisk. CA common atrium, RV 
right ventricle, LV left ventricle
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Ventricular Septal Defect (VSD)

Maryam Moradian and Azin Alizadehasl

Abstract

Try to evaluate different locations of VSDs by using 
 different echo windows. Assess the nearby structures, 
especially aortic valve for prolaptic cusp which its igno-
rance may lead to serious consequences though VSD 
itself may seem a simple disease. Use color flow mapping 
to find tiny VSDs.

 Ventricular Septal Defect (VSD)

 1. Explain where the VSD is located: Centeral or 
Perimembranous, Inlet, Muscular, or Outlet. Use differ-
ent echocardiography views.

 2. Explain if there is any malalignment of septum.
 3. Describe the extension of the defect to adjacent cardiac 

structures
 4. Describe if the perimembranous or Centeral VSD:

 (a) Extends toward the tricuspid valve (perimembra-
nous inlet) or the aortic valve (perimembranous out-
let) (Fig. 3.1a, b)

 (b) Is associated with anterior or posterior malalign-
ment of outlet septum (like VSDs in tetralogy of 
Fallot or VSDs in interrupted aortic arch respec-
tively) (Fig. 3.1c)

 (c) Dose it cause some distortion of tricuspid valve sep-
tal leaflet (ventricular septal aneurysm) and/or tri-
cuspid regurgitation (Fig. 3.2)

 5. Also evaluate if blood traverses through the aneurysmal 
tissue, cross the tricuspid valve into right atrium versus 
the” Gerbode defect” in which the left ventricular (LV) 
to right atrium (RA) shunt is due to deficiency of the 
membranous ventricular septum between LV and RA 
(Fig. 3.3)

In “Gerbode defect” direction of the high velocity jet 
is atypical and if pulmonary artery pressure is not 
increased, the pulmonary valve regurgitant velocity in 
diastole would be normal, indicating that the high veloc-
ity jet is not due to increased RV pressure

 6. Evaluate the prolapse of right or non- coronary cusp of 
aortic valve in parasternal long and short axis views

 7. Do not miss to report any sub aortic ridge, ring, or fibro-
muscular narrowing with or without subaortic obstruc-
tion (Fig. 3.4)

 8. Outlet VSDs, also known as type 1, subpulmonic, and 
supracristal are best evaluated in parasternal long and 
short axis views (Fig. 3.5). Describe if the VSD is asso-
ciated with prolapse of right coronary cusp of aortic 
valve and distortion of the valve (Fig. 3.6)

 9. Discribe if the inlet VSD is associated with some degree 
of AV valve straddling and overriding of AV valve 
(Fig. 3.7)

 10. Describe the location of muscular VSD as being ante-
rior, mid- muscular, posterior, or apical. Take several 
imaging planes to be able to determine its precise loca-
tion. Don’t miss multiple VSDs (Swiss cheese type) 
Using color Doppler will help you to find even tiny 
VSDs (Fig. 3.8)

 11. As VSDs are not always circular, try to measure them at 
least at two orthogonal views. Compare its size with the 
aortic annulus diameter. VSD is considered small if its 
diameter is ≤1/3 of the aortic annulus diameter, medium 
if its diameter is 1/3 to 2/3 aortic annulus diameter and 
is large if its diameter is more than 2/3 aortic annulus 
diameter.

3

M. Moradian (*) 
Pediatric Cardiology, Rajaie Cardiovascular, Medical & Research 
Center, Iran University of Medical Sciences, Tehran, Iran 

A. Alizadehasl 
Department of Cardio-Oncology and Research Center, Rajaie 
Cardiovascular, Medical & Research Center, Iran University of 
Medical Sciences, Tehran, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-62341-1_3&domain=pdf
https://doi.org/10.1007/978-3-662-62341-1_3#DOI


10

a b

c

Fig. 3.1 (a–c) Transesophageal echocardiography (TEE) of different 
VSDs. (a) TEE mid esophageal four chamber view with mild ante flex-
ing and using color flow Doppler shows left to right shunt through the 
perimembranous defect adjacent to the tricuspid valve (arrow heads). 
(b) TEE mid esophageal aortic valve long axis view arrow heads points 

to left to right flow via perimembranous VSD which extends to aortic 
valve. (c) TEE mid esophageal aortic valve short axis view using color 
Doppler indicate left to right shunt through perimembranous VSD with 
mild anterior malalignment of outlet septum (arrow heads)

Fig. 3.2 Transthoracic echocardiography (TTE): Apical five chamber 
view showing ventricular septal aneurysm (arrow heads)

Fig. 3.3 TTE: In this apical five chamber view using color Doppler 
mapping, arrow heads point to LV to RA shunt (Gerbode defect)

M. Moradian and A. Alizadehasl
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 12. Use Doppler and estimate the pressure gradient across 
the VSD

 13. Detecting VSD during fetal life is challenging because, 
the pressure gradient between LV and RV is null, mak-
ing the low velocity bidirectional flow of a fetal VSD 
detectable only with appropriate color set up. The best 
approach for detecting perimembranous VSD, would be 
subcostal five chamber view. When it is approached par-
allel (apical four chamber view) the “T sign” may be 
helpful to distinguish a real VSD from pseudo VSD 
(Fig. 3.9). The “in-plane” view, which can be is acquired 
by turning the transducer perpendicular from a long-axis 
view of the LV is useful to confirm VSD presence 
(Fig. 3.10).

Fig. 3.4 TTE: In this parasternal long axis view subaortic ridge is 
shown by arrow heads, there is no subaortic obstruction

Fig. 3.5 In this TTE, parasternal short axis view arrow heads point to 
color Doppler flow of outlet VSD at 1 o’clock

Fig. 3.6 TTE: prolapse of right coronary cusp of aortic valve into VSD 
is shown by asterisk in this parasternal long axis view of outlet VSD

Fig. 3.7 TEE An inlet VSD with straddling and overriding of right AV 
valve (tricuspid valve) is shown by asterisk in this mid esophageal four 
chamber view

Fig. 3.8 An off axis TTE in four chamber view using color Doppler, 
arrow heads point to left to right shunt through midmuscular VSD

3 Ventricular Septal Defect (VSD)
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Patent Ductus Arteriosus (PDA)

Azin Alizadehasl and Maryam Moradian

Abstract

Use suprasternal, high parasternal, and parasternal short 
axis views for direct visualization of PDA, and evaluation 
of blood flow through it. Pay attention to echocardio-
graphic features of significant left to right shunt, left 
chambers enlargement.

 Patent Ductus Arteriosus (PDA)

 1. Assess the presence of patent ductus arteriosus (PDA) in 
suprasternal long axis, parasternal short axis, and high 
left parasternal short axis (ductal) views (Fig. 4.1).

 2. Evaluate the indirect signs of left to right shunt by two 
dimensional echocardiography (2D) in four chamber 
view, left atrial and left ventricular enlargement.

 3. Historically M mode echocardiography was used and 
the left atrium –to aortic ratio (LA/AO ratio) more than 
1.15 was considered as a sign of significant left to right 
shunt

 4. Though the normal course of PDA is oblique, in cases of 
right ventricular out flow tract obstruction (RVOTO), 
PDA will have vertical orientation and in cases of hypo-
plastic left heart syndrome (HLHS) and interrupted aor-
tic arch (IAA) it would be large.

 5. Use color Doppler to evaluate the flow direction and to 
align the spectral Doppler beam.

 6. Asses the systolic and diastolic pressure gradient 
between aorta and pulmonary artery (PA) using continu-

ous wave Doppler (CW-Doppler). When pulmonary 
artery pressure is normal and PDA is restrictive, contin-
uous flow above the base line peaks in late systole 
(Fig. 4.2).

 7. In cases of right to left shunt through PDA like pulmo-
nary artery hypertension, interrupted aortic arch, and 
HLHS, the spectral Doppler, which shows a continuous 
flow below the base line, peaks in early systole.

 8. Remember that, just after birth, in a normal neonate the 
PDA shunt would be bidirectional for a while and after 
some hours it changes to continuous left to right shunt 
before complete closure (Fig. 4.3).

 9. PDA can be evaluated in TEE by locating the probe in 
the upper esophageal aortic arch short axis position 
(Fig. 4.4).

 10. During fetal life, the ductus arteriosus connects the pul-
monary artery and the descending aorta taking part to 
form the so called, ductal arch (Fig. 4.5).
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Fig. 4.1 In this suprasternal long axis view asterisk indicate the aortic 
end and arrow head points to pulmonic end of PDA
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Fig. 4.2 In this oblique left high parasternal view (ductal view) using 
color Doppler in an infant with normal pulmonary artery pressure, a 
high velocity turbulent flow can be seen from descending aorta toward 
pulmonary artery via PDA (upper part of picture) and its Doppler inter-
rogation (lower part of picture) shows continuous left to right shunt 
above the base line

Fig. 4.3 In this ductal view using color Doppler, arrow head points to 
PDA. The shunt flows from PA to descending aorta due to pulmonary 
artery hypertension, so it is blue

Fig. 4.4 Transesophageal echocardiography (TEE) using color flow 
Doppler showing turbulent flow (arrow heads) from aorta to pulmonary 
artery (PA) in upper esophageal aortic arch short axis view

Fig. 4.5 Fetal echocardiography, parasagittal view of ductal arch. 
Arrow heads indicate the ductus arteriosus. P. valve pulmonary valve

A. Alizadehasl and M. Moradian
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Aortopulmonary Window Defect (AP 
Window)

Maryam Moradian

Abstract

Use parasternal short axis, subcostal, and suprasternal 
views for direct visualization of AP window. Commonly 
the left to right shunt causes left atrial and ventricular 
enlargement and pulmonary artery dilation.

 Aortopulmonary Window Defect (AP Window)

 1. Always remember that the important anatomic finding of 
aortopulmonary widow is the location of the defect, 
between ascending aorta and the pulmonary artery above 
aortic and pulmonary valves.

 2. The best echocardiographic views for evaluation of AP 
window are parasternal short axis, subcostal, and supra-
sternal (Fig.  5.1). So evaluate the size and type of the 
defect (Type I, II, III, or intermediate) in these views as 
follow:
 (a) Type I, the most common type, the defect is midway 

between the semilunar valves and pulmonary bifurca-
tion, so it is proximal

 (b) Type II or distal defect, the communication is 
between posterior wall of ascending aorta at the junc-
tion of right pulmonary artery (RPA) and main pul-
monary artery (MPA).

 (c) Type III, or total defect the entire length of pulmo-
nary trunk from semilunar valve to bifurcation and 
proximal of RPA is absent.

 (d) Intermediate type which is recommended by the 
Society of Thoracic Surgeons the defect is small and 
central with a circumferential rim of tissue (Fig. 5.2)

 3. The effects of left to right shunt can be seen as Left atrial 
enlargement (LAE), left ventricular enlargement (LVE) 
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Fig. 5.1 In this subcostal coronal view the asterisk indicate the large 
window between aorta and dilated MPA. LV left ventricle, AO aorta, PA 
dilated main pulmonary artery

Fig. 5.2 Parasternal short axis view using color Doppler. The arrow 
heads points to intermediate type AP window AO aorta, PA pulmonary 
artery

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-62341-1_5&domain=pdf
https://doi.org/10.1007/978-3-662-62341-1_5#DOI


18

and, pulmonary artery dilation in four chamber and para-
sternal short axis views.

 4. Use pulsed wave (PW) Doppler interrogation in descend-
ing aorta and evaluate the retrograde diastolic flow in 
proximal descending aorta (Fig. 5.3).

 5. Also use PW Doppler interrogation to evaluate the continu-
ous antegrade flow in pulmonary artery distal to AP window, 
caused by large left to right shunt from aorta to pulmonary 
artery in cases of normal pulmonary artery pressure.

 6. It is particularly important not to forget to evaluate for 
other associated cardiac anomalies especially interrupted 
aortic arch.

 7. In Transesophageal echocardiography use high eshopha-
geal ascending aorta short axis view to see any defect 
between pulmonary artery and ascending aorta.

 8. Three vessel view in fetal echocardiography would be 
helpful to show aortopulmonary window defect as a con-
nection between two great arteries.
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Fig. 5.3 Suprasternal long axis view showing retrograde diastolic flow 
above the baseline by using PW Doppler and putting the sample volume 
in proximal descending aorta, the so called diastolic runoff
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Anomalous Left Coronary Artery 
from the Pulmonary Artery (ALCAPA)

Maryam Moradian

Abstract

Left ventricular endocardial fibrotic changes and mitral 
regurgitation in an infant are important clues and one have 
to rule out the abnormal origin of left coronary artery 
from pulmonary artery in different echocardiography 
windows especially parasternal short axis view.

 Anomalous Left Coronary Artery 
from the Pulmonary Artery (ALCAPA)

 1. Evaluate the size and origin of coronary arteries in para-
sternal short axis view. Rotate the transducer clockwise 
and counter clockwise to see the origin of left main coro-
nary artery (LMCA) and right coronary artery (RCA), 
respectively. Pay attention to any abnormal dilation of 
RCA, sometimes by using higher frequency you will get 
better penetration and better resolution to find the origina-
tion of left coronary artery (LCA) from main pulmonary 
artery (MPA) (Fig. 6.1).

 2. Use color Doppler to evaluate the left to right shunt from 
coronary artery to pulmonary artery (PA) which is promi-
nently diastolic, don’t forget to reduce the Nyquist limit 
to 20–40  cm/s. Also evaluate collateral vessels with 
abnormal diastolic flow and tortuous course in the ven-
tricular septum and left ventricular free wall (Figs.  6.2 
and 6.3)

 3. Evaluate the size and function of both ventricles. Any 
regional wall motion abnormality (RWMA), and endo-
cardial fibrotic changes in left ventricle (LV) should be 
mentioned. In some patients development of collaterals 
preserve LV function.
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Fig. 6.1 In this parasternal short axis view the abnormal origin of left 
coronary artery (LCA) from pulmonary artery (PA) can be seen

Fig. 6.2 Mainly diastolic flow of coronary collateral vessels in this 
case of ALCAPA is shown by PW Doppler profile. Arrow head points 
to a collateral vessels
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 4. Chronic ischemia will cause fibrotic changes on mitral 
valve (MV), chorda, and papillary muscles which can 
lead to the development of mitral valve prolapse and 
regurgitation (Fig. 6.4)

 5. Remembere that, ALCAPA may be associated with tetral-
ogy of Fallot or other congenital heart diseases (Fig. 6.5)

 6. In transesophageal echocardiography mid- esophageal 
aortic valve short axis view is helpful to evaluate the ori-
gin of LCA

 7. ALCAPA is well tolerated during fetal life and has no 
harmful effect because both pressures and oxygen satura-

tions are similar in the aorta and pulmonary artery and 
LMCA and RCA receive forward flow from the great 
arteries
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Fig. 6.3 In this color Doppler interrogation of septum at four chamber 
view, coronary collateral flow is indicated by arrow head, and mitral 
regurgitation is shown by asterisk

Fig. 6.4 Fibrotic changes of chorda and papillary muscle of mitral 
valve (MV) are indicated by arrow heads and the asterisk shows mitral 
valve prolapse (MVP). Also left atrial (LA) and ventricular (LV) 
enlargement can be appreciated in this apical four chamber view

Fig. 6.5 Parasternal short axis view of a child who suffered from 
Tetralogy of Fallot and severe LV dysfunction due to ALCAPA. Arrow 
heads point to pulmonary origin of LMC asterisk indicate the normal 
origin of RCA from aorta. RVOT  right ventricular out flow tract, 
MPA main pulmonary artery, LMC left main coronary artery, RCA right 
coronary artery
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Coronary Artery Fistula (CAF) 
or Coronary Cameral Fistula

Maryam Moradian

Abstract

Dilatation of the origin of one coronary artery while the 
other is normal size along with dilation of left cardiac 
chambers should rise the suspicion of presence of large 
coronary artery fistula. Following the course of fistula by 
color Doppler interrogation help to find the receiving 
chamber which would be dilated as well.

 Coronary Artery Fistula (CAF) or Coronary 
Cameral Fistula

 1. If the origin of coronary arteries are normal, but one of 
them, especially right coronary artery (RCA) is dilated 
and tortuous, don’t forget to check for coronary artery fis-
tula (CAF) or coronary-cameral fistula. Remember that 
most coronary artery fistulas originate from right coro-
nary artery (Figs. 7.1 and 7.2)

 2. By using color Doppler, track the course and drainage site 
which most probably would be one of the right chambers 
including right ventricle (RV), right atrium (RA), coro-
nary sinus (CS), pulmonary artery, and pulmonary vascu-
lar bed (Fig. 7.3).

 3. Use different windows to follow the CAF course. Try to 
evaluate the flow which is prominently diastolic by 
Doppler interrogation (Fig. 7.4a–c)

 4. If the shunt is not significant; the size of the receiving 
chamber will be normal but in cases of significant shunt 
both left chambers and the receiving chamber are enlarged 
and there would be diastolic aortic runoff, while interro-
gating aortic arch by color flow Doppler.

 5. As even small sized coronary fistulae may grow up over 
time, follow up imaging is reasonable.
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Fig. 7.1 Parasternal short axis view showing severely dilated right 
coronary artery (RCA) asterisk indicate the left coronary artery (LCA). 
Compare the size of RCA and LCA. RCA is massively dilated and LCA 
has normal size. PA pulmonary artery, AO aorta, RCA right coronary 
artery

Fig. 7.2 Parasternal long axis view of the same patient as above. LV 
left ventricle
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Fig. 7.3 Fistula course of the above patient is tracked by using color 
Doppler. Dilated and tortuous RCA fistula empties into left atrium 
(arrow heads show the course of fistula toward LA)

a b

c

Fig. 7.4 (a–c) Transethoracic echocardiography showing dilation of 
left coronary artery (LCA) and left anterior descending artery (LAD) in 
two dimensional echocardiography (a). Color Doppler interrogation (b) 

is used to track the course of fistula and pulse Doppler profile confirm 
its prominently diastolic flow (c)

Fig. 7.5 Transesophageal echocardiography (TEE) in mid esophageal 
aortic valve short axis view showing normal size both coronary arteries. 
LA left atrium, RA right atrium, AO aorta, LCA left coronary artery, 
RCA right coronary artery
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 6. Evaluate the coronary artery size and origin in trans-
esophageal echocardiography (TEE) and use mid esopha-
geal aortic valve short axis view (Fig. 7.5) to evaluate the 
origin of both right and left coronary arteries

 7. Visualization of normal size coronary artery in fetal echo-
cardiography is difficult but dilation of coronary vessels 
make them visible in cases of large CAF.

Suggested Reading

Anon. Abnormal vascular connections and structures (Chapter 11). 
In: Snider R, Serwer GA, Ritter SB, editors. Echocardiography 
in pediatric heart disease. 2nd ed: Mosby-Year Book, Inc.; 1997. 
p. 235–96.

Chae U, Lee MY, Kim H, et al. Prenatal diagnosis of isolated coronary 
arteriovenous fistula. Obstet Gynecol Sci. 2018;61(1):161–4.

Chen BH, Lin CC, Weng HW, et  al. Echocardiographic diagno-
sis of incidentally found left coronary artery to pulmonary 
artery fistula in an 11-year-old girl. Acta Cardiol Sin. 2016;32: 
359362.

Frommelt PC. Congenital coronary artery anomalies (Chapter 14). In: 
Wong PC, Miller-Hance WC, editors. Transesophageal echocar-
diography for congenital heart disease. London: Springer-Verlag; 
2014. p. 371–82.

Frommelt MA, Frommelt PC.  Vascular anomalies (Chapter 26). In: 
Idem BW , O’leary PW, Cetta F, editors . Echocardiography in pedi-
atric and adult congenital heart disease. 2nd ed. Wolters Kluwer, 
2015, pp. 470-485

Jung C, Jorns C, Huhta J. Doppler findings in a rare coronary artery 
fistula. Cardiovasc Ultrasound. 2007;5:10.

Lim DS, Matherne GP. Congenital anomalies of the coronary vessels 
and the aortic root (Chapter 32). In: Allen HD, Shaddy RE, Penny 
DJ, Feltes TF, Cetta F, editors. Moss and Adams’ heart disease in 
infants, children, and adolescents Including the fetus and young 
adults. 9th ed: Wolters Kluwer; 2016. p. 821–33.

Nagiub M, Mahadin D, Gowda S, Aggarwal S. Prenatal diagnosis of 
coronary artery fistula: a case report and review of literature. Am J 
Perinatol Rep. 2014;4:e83–6.

Song G, Zhang J, Ren W, et al. Pediatric coronary artery fistula: echo-
cardiographic case reports and literature review of treatment strat-
egy. Springer Plus. 2016;5:1583.

Xie M, Li L, Cheng TO, et al. Coronary artery fistula: comparison of 
diagnostic accuracy by echocardiography versus coronary arteriog-
raphy and surgery in 63 patients studied between 2002 and 2012 in 
a single medical center in China. Int J Cardiol. 2014;176(2):470–7.

7 Coronary Artery Fistula (CAF) or Coronary Cameral Fistula



25© Springer-Verlag GmbH Germany, part of Springer Nature 2021
M. Moradian, A. Alizadehasl (eds.), Atlas of Echocardiography in Pediatrics and Congenital Heart Diseases, 
https://doi.org/10.1007/978-3-662-62341-1_8

Aortic-Left Ventricular Defect (Tunnel)

Maryam Moradian

Abstract

Severe aortic regurgitation during infancy should rise the 
suspicion of aortic-left ventricular tunnel. Adding Color 
flow Doppler on two dimensional echocardiography will 
show non-valvular aortic regurgitation through aortic -left 
ventricular tunnel. Differentiating from rupture of 
Valsalva sinus is also challenging.

 Aortic-Left Ventricular Defect (Tunnel)

 1. Significant aortic regurgitation especially in an infant 
should raise the suspicion of aortic-left ventricular tun-
nel, which in fact is a non valvular aortic regurgitation

 2. Evaluate this extra cardiac tubular structure in different 
echocardiography views including parasternal long and 
short axis, and subcostal views (Fig. 8.1)

 3. These tunnels are commonly short and direct.
 4. Most commonly these tunnels opening in aorta lie above 

the right coronary sinus of Valsalva and terminate in the 
left ventricle.

 5. Use color Doppler and continuous Doppler profile to 
confirm that aortic regurgitation is not through the aortic 
valve. Also Doppler study will show diastolic flow from 
aorta to the left ventricle, and systolic flow from left 
ventricle to aorta (Figs. 8.2 and 8.3).

 6. Don’t forget to evaluate the size of entry and exit of the 
tunnel as well as size and function of left ventricle. 
Occurrence of Heart failure depends on the cross- 
sectional area of tunnel and the amount of non-valvular 
aortic regurgitation through the tunnel.

 7. Pay attention to any aortic dilation (aortopathy), defor-
mation and sagging of right coronary cusp which is 
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Fig. 8.1 Subcostal coronal view, the asterisk indicate an aortic-left 
ventricular tunnel. LV left ventricle, AO aorta

Fig. 8.2 Color flow Doppler in same patient as above, this diastolic 
frame shows non-valvular aortic regurgitation through aortic-left ven-
tricular tunnel (arrow heads)
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common in this anomaly. Also aortic cusps may be 
thickened and there may be associated bicuspid aortic 
valve or aortic stenosis

 8. Sometimes these tunnels are large and aneurysmal 
(Fig. 8.4).

 9. Differentiate this anomaly from fistula of coronary 
artery to left ventricular by the finding of normal size 
right and left main coronary arteries

 10. This anomaly may be mistaken with VSD in two dimen-
sional echo, but color flow mapping confirms that there 
is no communication between left and right ventricles

 11. To differentiate this anomaly from ruptured sinus of 
Valsalva aneurysm show that aortic end of tunnel is 
above the coronary ostium and Valsalva sinus is not 

dilated. In ruptured sinus of Valsalva the defect is located 
under coronary ostium. Also as most of the sinus of 
Valsalva aneurysms are located in the right aortic sinus 
and rupture to right side chambers (right ventricle and 
right atrium) they produce continuous flow profile in 
Doppler study (Fig. 8.5)

 12. On fetal echocardiography presence of aortic root dila-
tion and blood flow around aortic valve and within the 
tunnel as well as reduced left ventricular function should 
rise the suspicion of this diagnosis
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Fig. 8.3 Doppler interrogation via Aortic-left ventricular tunnel of the 
same patient as above showing to and fro passage of blood through tun-
nel (diastolic flow from aorta to the left ventricle, and systolic flow from 
left ventricle to aorta)

Fig. 8.4 Parasternal long axis view using color Doppler, showing the 
entry (asterisk) and the exit (arrow heads) of a large aneurysmal AO-LV 
tunnel. There is no regurgitation through aortic valve but severe non- 
valvular aortic regurgitation leads to left ventricular enlargement. Aorta 
is also dilated in this case

Fig. 8.5 Transthoracic parasternal long axis view of a patient with rup-
tured Valsalva sinus to right ventricle. Arrow heads point to defect 
between right sinus of Valsalva and right ventricle. Pay attention to 
enlarged Left ventricle and left atrium due to significant left to right 
shunt. LV left ventricle, LA left atrium, AO aorta, RV right ventricle
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Cranial Arteriovenous Malformation 
(Cranial AV Malformation)

Maryam Moradian

Abstract

One severe type of cranial AV malformation, vein of 
Galen aneurysm, causes sign and symptoms soon after 
birth which are confused with congenital heart defects. 
Even echocardiography may be tricky and misinterpreted 
as persistence pulmonary hypertension of newborn syn-
drome (PPHNS) but diastolic reversal flow (diastolic run-
off) in descending aorta and dilated brachiocephalic 
arteries help the diagnosis.

 Cranial Arteriovenous Malformation (Cranial 
AV Malformation)

 1. In a newborn presenting with cyanosis and heart failure 
be careful not to miss vein of Galen aneurysm. Systemic 
arteriovenous malformations (AVM) especially large cra-
nial AV malformation or vein of Galen aneurysm may 
present with cardiac symptoms soon after birth.

 2. Simultanous dilation of right cardiac chambers, ascend-
ing aorta, carotid arteries, and superior vena cava (SVC) 
in two dimensional echocardiography should rise the sus-
picion of cranial AV malformation (Figs. 9.1 and 9.2).

 3. Use color Doppler interrogation to evaluate the direction 
of shunt via patant ductus arteriosus (PDA) (Fig. 9.3a, b) 
and patent foramen ovale (PFO) (Fig.  9.4a, b). During 
neonatal period, elevated pulmonary vascular resistance 
and decrease in the total systemic vascular resistance 
caused by the presence of a large AV malformation pro-
motes right-to-left ductal shunting and also large venous 
return to the right atrium from the AV malformation leads 
to right-to-left shunt via foramen ovale. These findings 
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Fig. 9.1 Suprasternal long axis view showing dilated ascending aorta 
and brachiocephalic arteries (asterisks)

Fig. 9.2 Transthoracic suprasternal short axis view in a new born suf-
fering from cranial AV malformation. Superior vena cava (SVC) is 
dilated

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-62341-1_9&domain=pdf
https://doi.org/10.1007/978-3-662-62341-1_9#DOI


28

may be misinterpreted as persistence pulmonary hyper-
tension of newborn syndrome (PPHNS)

 4. Spectral Doppler interrogation of PDA, will confirm con-
tinuous flow below the base line, peaks in early systole 
indicating pulmonary hypertension (Fig. 9.5)

 5. Color and spectral Doppler will also help to evaluate 
retrograde diastolic flow in descending aorta into 
cerebral arteries or aortic diastolic runoff (Figs.  9.6 

and 9.7). Remember that aortopulmonary window, 
severe aortic valve regurgitation, coronary artery fis-
tulas, and systemic- to- pulmonary fistulas should be 
ruled out.

 6. Aneurysm of the vein of Galen can be diagnosed by ante-
natal ultrasonography and may lead to cardiomegaly, non- 
immune hydrops, and hydrocephalus.

a b

Fig. 9.3 (a, b) Ductal view of a neonate suffering from large aneurysm 
of vein of Galen in figure (a) asterisk indicate the PDA connecting 
dilated main pulmonary artery to descending aorta and in figure (b) 

right to left shunt via PDA is demonstrated. MPA main pulmonary 
artery, DAO descending aorta

a b

Fig. 9.4 (a, b) Subcostal short axis view of a neonate suffering from cranial AV malformation. Right atrium is dilated and asterisk indicate patent 
foramen ovale (PFO) (a) and right to left shunt via PFO is indicated by arrow heads in (b)
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Fig. 9.5 Right to left shunt through PDA in a newborn suffering from 
cranial AV malformation and pulmonary artery hypertension, the spec-
tral Doppler shows a continuous flow below the base line, which peaks 
in early systole Compare this figure with Fig. 4.2

Fig. 9.6 Diastolic retrograde flow via descending aorta (DAO) is seen 
(red flow) using color Doppler interrogation

Fig. 9.7 Spectral Doppler interrogation of descending aorta showing 
retrograde diastolic flow (above the baseline)
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Malposition of Septum Primum

Maryam Moradian

Abstract

Septum primum malposition is responsible for different 
degrees of abnormal drainage of pulmonary veins. It is 
usually accompanied by heterotaxy and polysplenia. 
Abnormal deviation of septum primum toward the ana-
tomic left atrium in echocardiography should rise the sus-
picion of this diagnosis.

 Malposition of Septum Primum

 1. IF in four chamber view septum primum is displaced 
toward the anatomic left atrium (LA) and results in the 
drainage of some or all the pulmonary veins into the mor-
phologic right atrium (RA) malposition of septum pri-
mum should be considered

 2. Pay attention that pulmonary veins are normally con-
nected to posterior wall of morphologic LA (Fig. 10.1)

 3. Remember that septum primum may not reach the poste-
rior wall of LA so there will be an intera atrial communi-
cation that is a “septum primum mal position defect “not 
ASD or PFO.  Sometimes septum primum has multiple 
small fenestrations.

 4. Don’t forget that this anomaly is more common in hetero-
taxy, polysplenia, and hypoplastic left heart syndrome 
patients
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Fig. 10.1 Apical four chamber view showing leftward malposition of 
septum primum (arrow heads). Asterisks indicate normal connection of 
pulmonary veins to posterior wall of LA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-62341-1_10&domain=pdf
https://doi.org/10.1007/978-3-662-62341-1_10#DOI


33© Springer-Verlag GmbH Germany, part of Springer Nature 2021
M. Moradian, A. Alizadehasl (eds.), Atlas of Echocardiography in Pediatrics and Congenital Heart Diseases, 
https://doi.org/10.1007/978-3-662-62341-1_11

Anomalies of the Pulmonary Venous 
Connections [Total (TAPVC) & Partial 
(PAPVC)]

Maryam Moradian and Shamsi Ghaffari

Abstract

Evaluation of all echocardiographic views are helpful in 
diagnosis of anomalies of pulmonary veins connection. In 
four chamber view enlargement of right heart chambers 
should raise the suspicion. Both Total and partial anoma-
lous pulmonary venous drainage have different anatomic 
variants. During echocardiography individual pulmonary 
veins should be evaluated both by two dimensional (2D) 
and color and pulsed Doppler modalities.

 Anomalies of the Pulmonary Venous 
Connections [Total (TAPVC) & Partial 
(PAPVC)]

 1. All echocardiographic views, including subcostal, para-
sternal, apical, and suprasternal will help you to identify 
pulmonary veins connection to left atrium (LA). 
Evaluate right upper pulmonary vein (RUPV) in subcos-
tal sagittal view (or subcostal short axis view) as it enters 
LA while traveling between superior vena cava and right 
pulmonary artery. Right lower pulmonary vein (RLPV) 
can be demonstrated in subcostal coronal view (or sub-
costal four chamber view). In parasternal long axis and 
short axis views left and right pulmonary veins can be 
demonstrated. In apical four chamber view both right 
lower and left lower pulmonary veins can be seen 
(Fig.  11.1). In suprasternal short axis or crab view all 
four pulmonary veins can be identified (Fig. 11.2)
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Fig. 11.1 Transthoracic four chamber view showing normal connec-
tion of right (RLPV) and left lower pulmonary veins (LLPV) to left 
atrium (LA)

Fig. 11.2 Suprasternal short axis view (crab view), all four pulmonary 
veins are seen draining to left atrium (LA). AO aorta, RPA right pulmo-
nary artery, LUPV left upper pulmonary vein, LLPV left lower pulmo-
nary vein, RUPV right upper pulmonary vein, RLPV right lower 
pulmonary vein
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 2. Transesophageal echocardiography (TEE) is also help-
ful. Evaluate drainage and connection of pulmonary 
veins by TEE in 55° for right, and 110° for left pulmo-
nary veins. When imaging venous flow with color flow 
Doppler, reduce the Nyquist limit to correspond to the 
lower venous flow velocities (Fig. 11.3).

 3. Appreciate pulmonary venous flow by pulsed wave 
(PW) Doppler. Venous flow is low velocity, 40–50 cm/s, 
and triphasic, consisting of a systolic S wave, early dia-
stolic D wave, and an A wave during atrial systole. As in 
all Doppler analysis, interrogation should be performed 
as parallel to the direction of flow as possible (Fig. 11.4).

 4. Small left atrium (LA) concomitant with right atrial and 
ventricular enlargement in a neonate should rise the sus-
picion of total anomalous pulmonary venous connection 
(TAPVC)

 5. You may use the most common type of classification 
and according to the sites where the abnormal connec-
tions occur explain if it is supracardiac (the most com-
mon), cardiac, infracardiac, or mixed type (the least 
common). Also evaluate obstruction and stenosis of pul-
monary veins.

 6. Find the pulmonary venous confluence(PVC)with high 
frequency transducers using far field focusing, and fol-
low the pulmonary veins by color flow Doppler and 
pulsed wave Doppler (Fig. 11.5).

 7. In any type of TAPVC, follow the vertical vein (VV), 
using color Doppler and evaluate for any stenosis if flow 
is aliased (Fig. 11.6).

 8. In cardiac type TAPVC, pulmonary veins most com-
monly connect to coronary sinus (CS), which in subcos-
tal coronal view resembles as tail of the whale (Fig. 11.7).

Fig. 11.3 Transesophageal echocardiography (TEE) at midesophageal 
level demonstrating left pulmonary veins (asterisks) entering left atrium

Fig. 11.4 Transesophageal echocardiography (TEE) at mid esopha-
geal level showing two left pulmonary veins using color Doppler (upper 
image) and PW Doppler to evaluate triphasic venous flow S, D, and A 
(lower image)

Fig. 11.5 Four chamber view showing enlargement of right atrium 
(RA) and right ventricular enlargement (RV), small left atrium (LA), 
and pulmonary venous confluence (PVC) on top of LA, the so called 
“hat appearance”

Fig. 11.6 Suprasternal long axis image using color Doppler to show 
left sided vertical vein (VV) connecting to innominate vein. Superior 
vena cava (SVC) is dilated in this case of supracardiac TAPVC
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 9. In infracardiac type TAPVC follow the pulmonary 
venous confluence (PVC)behind the left atrium(LA), 
and vertical vein (VV) which penetrates the diaphragm 
as it goes away from the heart into portal system or infe-
rior vena cava (IVC). Also check by color Doppler any 
turbulence in these structure for any obstruction 
(Fig. 11.8).

 10. Remember that in mixed type TAPVC, which is the least 
common, a combination of other forms would be seen.

 11. Evaluate the right to left shunt via atrial septal defect 
(ASD) or patent foramen ovale (PFO) in these patients

 12. In partial anomalous pulmonary venous connection 
(PAPVC) at least one pulmonary vein connects normally 
to LA. The most common form of PAPVC, excluding 

PAPVC with sinus venosus defect (Fig. 11.9), is the con-
nection of a left pulmonary vein to left innominate vein 
via a vertical vein. Evaluate this anomaly in high para-
sternal view.

 13. The abnormal connection of right upper pulmonary vein 
(RUPV) to superior vana cava (SVC) can be evaluated 
by transesophageal echocardiography (TEE) as well 
(Fig. 11.10).

 14. Turbulent flow in color Doppler and lack of typical pha-
sic variation in pulsed wave Doppler interrogation of 
pulmonary veins and/or vertical vein are in favor of ste-
nosis in these veins (Fig. 11.11).

 15. In fetal echocardiography the RLPV and LLPV can be 
imaged in four chamber view and color and pulsed 
Doppler should be used to confirm the normal flow pat-
tern within them (Figs. 11.12 and 11.13). The possibility 

Fig. 11.7 Subcostal coronal view showing the so called” whale tail 
“appearance, abnormal pulmonary veins drain to pulmonary venous 
confluence (PVC) that connects to vertical vein (VV) and coronary 
sinus (CS). Coronary sinus (CS) is enlarged

Fig. 11.8 Color Doppler examination in sagittal subcostal view in 
infracardiac TAPVC showing VV in longitudinal section, anterior to 
descending aorta (AO) that direct the flow away from the heart

Fig. 11.9 Suprasternal coronal view using color Doppler, showing 
abnormal connection of a right pulmonary vein to SVC (arrow heads). 
SVC superior vena cava, AO aorta, RPA right pulmonary artery, LA and 
left atrium

Fig. 11.10 TEE at mid esophageal level, ascending aorta short axis 
view, showing the entrance of RUPV to SVC in a child suffering from 
PAPVC.  Pay attention to “tear drop appearance” of SVC instead of 
round shape

11 Anomalies of the Pulmonary Venous Connections [Total (TAPVC) & Partial (PAPVC)]
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of abnormality in pulmonary venous return raises if 
there is no connection between pulmonary veins and left 
atrium, and right heart chambers are enlarged. By pre-
cise evaluation you may even find the PVC behind LA 
and a forth vessel in three vessel tracheal view in supra-
cardiac type TAPVC.
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Cortriatriatum Sinister

Maryam Moradian

Abstract

A membrane within left atrium divides it into two cham-
bers a proximal chamber receiving pulmonary veins flow 
and a distal chamber which includes the left atrial 
appendage and is in contact with the atrioventricular 
valve. Due to obstruction in pulmonary venous flow, this 
anomaly may cause pulmonary venous hypertension. It is 
important to differentiate this anomaly from supravalvar 
mitral ring and echocardiography has crucial role in this 
regard.

 Cortriatriatum Sinister

 1. A linear membrane within the left atrial (LA) cavity spe-
cially in apical four chamber view should rise the suspi-
cion of this diagnosis. Evaluate if the left atrial appendage 
(LAA) can be seen between the membrane and the mitral 
valve. This membrane separates the pulmonary venous 
confluence (PVC) from the low-pressure distal chamber, 
which includes the left atrial appendage and is in contact 
with the atrioventricular valve. The membrane has wind-
sock motion during diastole toward mitral valve 
(Fig. 12.1).

 2. Pulmonary venous confluence (PVC) joins to LA through 
narrow opening(s). Color Doppler interrogation will 
reveal continuous, turbulent flow across membrane, and 
RV enlargement may ensues due to pulmonary venous 
hypertension (Fig. 12.2).

 3. Cortriatriatum should be differentiated from supravalvar 
mitral ring which is also a membrane within the left atrial 
cavity causing pulmonary venous obstruction. Supravalvar 
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Fig. 12.1 Apical four chamber view showing classic form of cor tria-
triatum sinister. PVC pulmonary venous confluence, LA left atrium, LV 
left ventricle

Fig. 12.2 Transesophageal echocardiography at mid esophageal level, 
four chamber view of a patient with cor triatriatum, arrow heads indi-
cate the linear membrane and fenestrations. PVC pulmonary venous 
confluence, LV left ventricle, RA right atrium, RV right ventricle
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mitral ring is relatively immobile and adheres to the base 
of mitral leaflets at its atrial surface. Left atrial appendage 
(LAA) and foramen ovale are proximal to supravalvar 
mitral ring

 4. Carfully check for any atrial septal defect (ASD) and pat-
ent foramen ovale (PFO) and use color Doppler to see the 
interatrial shunt(s) direction.

 5. Appreciate pulmonary venous return to the PVC using 
2D, color flow mapping, and Doppler modalities.

 6. Remember that the so called cor triatriatum dexter is usu-
ally a persistence of a large right valve of sinus venosus 
that produces double-chambered right atrium (Fig. 12.3).

 7. In fetal echocardiography discrepancy between ventricu-
lar size and a membrane dividing LA into two cavity 
should raise the suspicion of this anomaly

 8. These membranes are not always stenotic so the patient 
may be asymptomatic and the diagnosis is made inciden-
tally in adulthood.

Suggested Reading

Anon. Abnormalities of ventricular inflow (Chapter 9). In: Snider R, 
Serwer GA, Ritter SB, editors. Echocardiography in pediatric heart 
disease. 2nd ed: Mosby-Year Book Inc.; 1997. p. 385–407.

Brown DW, Geva T. Anomalies of the pulmonary veins (Chapter 35). 
In: Allen HD, Shaddy RE, Penny DJ, Feltes TF, Cetta F, editors. 
Moss and Adams’ heart disease in infants, children, and adolescents 
including the fetus and young adults. 9th ed: Wolters Kluwer; 2016. 
p. 881–910.

Cabalka AK.  Abnormalities in atria and atrial septation (Chapter 6). 
In: Eidem BW , O’leary PW, Cetta F, editors. Echocardiography in 
pediatric and adult congenital heart disease, 2nd ed. Wolters Kluwer 
2015, pp. 111–130

Hamdan R, et  al. Cor Triatriatum Sinister diagnosed in adult life 
with three dimensional transesophageal echocardiography. BMC 
Cardiovasc Disord. 2010;10:54.

Nassar PN, Hamdan R.  Cor Triatriatum sinistrum: classification and 
imaging modalities. Eur J Cardiovasc Med. 2011;1(3):84–7.

Yang PK, et al. Cor triatriatum sinister presenting in the fetus: beware 
of association with total anomalous pulmonary venous connection. 
Ultrasound Obstet Gynecol. 2015;45:622–4.

Fig. 12.3 The Eustachian valve is generally small but it can become 
large and make the appearance of cor triatriatum dexter. In this subcos-
tal view arrow heads indicate an enlarged and fenestrated Chiari net. LV 
left ventricle, RA right atrium, RV right ventricle

M. Moradian



41© Springer-Verlag GmbH Germany, part of Springer Nature 2021
M. Moradian, A. Alizadehasl (eds.), Atlas of Echocardiography in Pediatrics and Congenital Heart Diseases, 
https://doi.org/10.1007/978-3-662-62341-1_13

Scimitar Syndrome

Maryam Moradian

Abstract

Combination of Dextroposition of heart, hypoplasia of 
right pulmonary artery, blunted right border of left atrium 
in crab view due to anomalous connection of right pulmo-
nary vein(s) to inferior vena cava is called Scimitar syn-
drome. Subcostal echocardiographic views are extremely 
useful to find abnormal venous connection in this 
anomaly.

 Scimitar Syndrome

 1. Dextroposition of the heart should raise the suspicion for 
Scimitar syndrome especially if right pulmonary artery 
(RPA) is hypoplastic and smaller than left pulmonary 
artery (LPA).

 2. Check the right border of left atrium (LA) in crab view, in 
scimitar it is blunted (Fig. 13.1)

 3. In subcostal view check any abnormal flow of scimitar 
vein into inferior vena cava (IVC), use color flow map-
ping and Doppler interrogation to evaluate triphasic pul-
monary vein pattern (Fig. 13.2a, b)

 4. Follow the descending abdominal aorta in subcostal view 
to find any aberrant artery providing blood supply to the 
affected lobe of the right lung originated from the abdom-
inal aorta.

 5. Check for any associated congenital cardiovascular 
anomalies.

 6. During fetal life, right lung hypoplasia or pulmonary 
sequestration along with cardiac dextroposition may be 
signs of Scimitar syndrome. Color flow mapping and 
pulse Doppler study will help to find the feeding artery 
arising from the aorta (Fig. 13.3).

 7. In transesophageal echocardiography (TEE) find any 
abnormal vessel (Scimitar vein) entering inferior vena cava 
(IVC) in lower esophageal IVC long axis view (Fig. 13.4).
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Fig. 13.1 Suprasternal short axis view or “crab view” of a normal 
infant. In Scimitar syndrome right left atrium (LA) border would be 
blunted due to abnormal return of right pulmonary vein (or veins) to 
Scimitar vein and inferior vena cava (IVC). LA left atrium, AO aorta, PA 
pulmonary artery, LUPV left upper pulmonary vein, LLPV left lower 
pulmonary vein, RUPV right upper pulmonary vein, RLPV right lower 
pulmonary vein, SVC superior vana cava
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a b

Fig. 13.2 (a, b) Subcostal view, arrow heads indicate the entrance of Scimitar vein into right atrium (RA) just above the inferior vena cava (IVC). 
Doppler profile of Scimitar vein can be seen in picture (b)

Fig. 13.4 TEE at Lower esophageal level showing long axis view of 
inferior vena cava (IVC) normally entering right atrium. Any abnormal 
connection of pulmonary veins to IVC can be evaluated in this viewFig. 13.3 Fetal echocardiography, sagittal view showing echogenic 

mass of pulmonary sequestration (arrow heads)
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Persistent Left Superior Vena Cava 
(LSVC)

Azin Alizadehasl and Maryam Moradian

Abstract

Dilation of coronary sinus on echocardiography is consid-
ered the first clue to diagnosis of persistent left superior 
vena cava. Although rare, it is the most common anomaly 
of systemic veins and may have clinical consequences 
especially when is associated with other congenital heart 
disease.

 Persistent Left Superior Vena Cava (LSVC)

 1. Dilated coronary sinus (CS) should raise the suspicion of 
persistent left superior vena cava (LSVC). Other etiolo-
gies of dilated CS should be kept in mind including 
anomalous pulmonary venous return to the coronary 
sinus, elevated right atrial pressure, and coronary arterio-
venous fistula to coronary sinus. Dilated CS can be 
imaged from the parasternal, apical, and subcostal win-
dows (Figs. 14.1, 14.2, and 14.3).

 2. This anomaly is rare, 0.3–0.5% of the general population. 
In most cases, the LSVC drains into the right atrium via 
coronary sinus and is almost clinically insignificant 
though may cause conduction abnormalities and arrhyth-
mia, most commonly atrial fibrillation.

 3. Evaluate accompanying structural heart disease. Its prev-
alence has been reported to as high as 5–10% in associa-
tion with congenital heart disease including heterotaxy 

syndromes, conotruncal anomalies, tetralogy of Fallot, 
atrioventricular septal defects, and mitral atresia. In these 
situations persistent LSVC may cause difficulties during 
catheterization and cardiac surgery.

 4. It is especially important if LSVC drains into LA due to 
partially or completely unroofed coronary sinus which 
leads to mixing of LSVC blood with pulmonary venous 
blood in the LA. LSVC can be imaged from the supraster-
nal and high left parasternal windows.
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Fig. 14.1 Parasternal long axis view showing severely enlarged coro-
nary sinus (CS), right ventricle (RV) is also enlarged and inter ventricu-
lar septum is deviated toward left. LV left ventricle, AAO ascending 
aorta, LA left atrium, DAO descending aorta
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 5. Meanwhile evaluate the presence of right SVC, and 
bridging vein (left brachiocephalic vein) in suprasternal 
views. Use color flow mapping (CFM) and Doppler pro-
file to evaluate the triphasic venous flow pattern and the 
direction of blood toward CS in LSVC. Also you may 
use contrast echocardiography and confirm the diagnosis 
by injecting the agitated saline into a left-sided brachial 
vein and follow the bubbles in coronary sinus (CS) 
(Fig. 14.4a, b).

 6. In transesophageal echocardiography (TEE) CS can be 
evaluated in midesophageal four chamber and two cham-
ber views (Fig. 14.5)

 7. Finding a dilated CS during fetal echocardiography 
should raise the suspicion of persistent LSVC and/or 
TAPVC (Figs. 14.6 and 14.7).

a b

Fig. 14.4 (a, b) Suprasternal short axis views showing right superior vena cava(RSVC) and left superior vena cava(LSVC) by 2D and color flow 
mapping (arrow heads in figure b points to LSVC). AO aoric arch, RPA right pulmonary artery, LA left atrium

Fig. 14.5 TEE, mid esophageal two chamber view, arrow heads point 
to normal size coronary sinus (CS). LA left atrium, LAA left atrial auri-
cle, LV left ventricle

Fig. 14.3 Apical four chamber view with posterior projection showing 
dilated coronary sinus (CS) in atrioventricular groove. RA right atrium, 
RV right ventricle, LV left ventricle

Fig. 14.2 Parasternal short axis view using color flow mapping. Main 
pulmonary artery and its branches can be seen in this view. Asterisk 
indicate left superior vena cava (LSVC) anterior to left pulmonary 
artery. AO aorta, MPA main pulmonary artery
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Fig. 14.6 Fetal echocardiography showing normal size coronary sinus 
(CS) in apical four chamber view. RA right atrium, RV right ventricle, 
LV left ventricle

Fig. 14.7 Subcostal four chamber view of a fetus showing dilated CS 
(arrow heads) as well as RA, and RV enlargement. RA right atrium, RV 
right ventricle, LV left ventricle
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Interrupted Inferior Vena Cava

Azin Alizadehasl and Maryam Moradian

Abstract

Echocardiographic subcostal windows are very helpful to 
evaluate the junction of inferior vena cava (IVC) to right 
atrium (RA). Absence of intra hepatic segment of IVC, 
interruption of IVC, should be suspected when IVC-RA 
junction cannot be seen, especially in association with 
heterotaxy syndrome.

 Interrupted Inferior Vena Cava

 1. Evaluate the cross sectional view of Inferior Vena Cava 
(IVC) in subcostal area, the normal IVC is located ante-
rior and to the right of spine. In this view descending 
abdominal aorta is seen in the left of spine (Fig. 15.1).

 2. By rotating the transducer slightly counter clockwise 
from this view, follow the connection of inferior vena 
cava (IVC) to right atrium in subcostal sagittal view 
(Figs. 15.2 and 15.3).

 3. In cases of azygos continuation of the interrupted IVC, an 
enlarged azygos vein can be seen near the midline, poste-
rior to aorta and when followed cranially its connection 
with SVC can be demonstrated using color Doppler 
(Fig. 15.4a, b).

 4. Appreciate the so called “seagull sign “in fetal echocar-
diography, and screen the normal connection of IVC and 
SVC to RA and compare their sizes (Fig. 15.5).

 5. In cases of interrupted IVC with azygos continuation in 
fetus, azygos vein is dilated and is seen near the abdomi-
nal aorta in axial plan of upper abdomen, the so called 
“double vessel sign” (Fig. 15.6a, b).

 6. Don’t forget to evaluate for other associated anomalies 
especially heterotaxy and left isomerism in which inter-
rupted IVC is common.
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Fig. 15.1 Transthoracic echocardiography, subcostal cross sectional 
view of Inferior Vena Cava (IVC) and descending abdominal 
aorta(DAO)and their relation to spine (S)
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Fig. 15.3 Subcostal sagittal view showing normal connection of infe-
rior and superior vena cava to right atrium. In this case superior vena 
cava is dilated due to supracardiac total anoumalous pulmonary venous 
connection (TAPVC). IVC inferior vena cava, SVC superior vena cava, 
RA right atrium

a b

Fig. 15.4 (a, b) Arrow heads point to azygos vein and asterisk shows absence of IVC- RA connection (interrupted IVC). Color flow mapping 
demonstrate direction of blood flow in this vein toward the heart. In figure b arrow indicates drainage of azygos to SVC in high parasternal view

Fig. 15.5 Parasagittal view in a fetus showing normal size SVC and 
IVC connecting to RA (Seagull sign)

Fig. 15.2 Connection of inferior vena cave and right atrium is seen in 
this subcostal view. IVC inferior vena cava, RA right atrium
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a b

Fig. 15.6 (a, b) Fetal echocardiograms showing dilated azygos vein (azy) adjacent to abdominal aorta (ao) in a fetus suffering from complex 
congenital heart disease. Cross section of azygos vein and abdominal aorta is seen in upper abdomen (a) and longitudinal views (b)
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Tetralogy of Fallot (TOF/TF)

Maryam Moradian and Shamsi Ghaffari

Abstract

Echocardiographic findings in the most common type of 
cyanotic congenital heart disease, tetralogy of Fallot, con-
sists of ventricular septal defect (VSD), overriding of 
aorta, right ventricular hypertrophy, and right ventricular 
outflow tract obstruction. It should be kept in mind not to 
miss other associated anomalies including right sided aor-
tic arch, abnormal coronary arteries particularly if cross-
ing the right ventricular outflow tract, aortopulmonary 
collaterals, persistent left superior vena cava, additional 
VSDs, and other anomalies.

 Tetralogy of Fallot (TOF/TF)

 1. Evaluate the ventricular septal defect (VSD) and aortic 
overriding in different views. A large subaortic defect 
extending to the membranous septum is the most com-
mon type VSD in Tetralogy of Fallot patients (Figs. 16.1 
and 16.2)

 2. Additional muscular ventricular septal defects (VSDs) 
should be evaluated in different views.

 3. Don’t forget that the hallmark of TF, multi-level obstruc-
tion to pulmonary blood flow. So evaluate:
 (a) The characteristic narrowing of the right ventricular 

out flow tract (RVOT) due to anterior and cephalad 
deviation of the conal septum (Fig. 16.3).

 (b) The typical pulmonary valve in TOF is thickened and 
frequently bicuspid with hypoplastic annulus (a pul-
monary annular z-score of less than −2 indicate the 
need for a transannular surgical approach) (Fig. 16.4).
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Fig. 16.1 Transthoracic echocardiography, subcostal coronal view 
showing aortic overriding in a patient with tetralogy of Fallot. AO aorta, 
RV right ventricle, LV left ventricle

Fig. 16.2 Transesophageal echocardiography, long axis view showing 
large ventricular septal defect (VSD) and aortic overriding. Arrow 
points to VSD. VSD ventricular septal defect, AO aorta
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 (c) Evaluate the ratio of the sum of pulmonary arteries 
diameter (RPA + LPA) to the descending aorta diam-
eter at the level of diaphragm, if less than 1.5, is not 
suitable for total repair, also evaluate any absence of 
right or left pulmonary artery (Fig. 16.5).

 4. Look for any additional source of pulmonary blood sup-
ply, so check for patent ductus arteriosus (PDA) and 
major aorto pulmonary collaterals (MAPCAs) especially 
by color flow mapping (CFM).

 5. Evaluate the aortic valve, aortic root dilation, aortic regur-
gitation (AR), aortic arch direction, any narrowing of 
aorta, and pattern of brachiocephalic arteries.

 6. Look for course of coronary arteries, remember that 
approximately 5–10% of TOF patients will have an 
anomalous coronary artery crossing the right ventricular 
outflow tract (RVOT), potentially complicating the 
infundibulotomy.

 7. Three dimensional (3D) echocardiography may help to 
evaluate more details (Fig. 16.6).

 8. When performing fetal echocardiography, pay attention 
to:
 (a) Pseudo-overriding of aorta or artifactual septoaortic 

discontinuity due to thin membranous portion of 
 septum (Fig. 16.7). Evaluate true overriding in differ-
ent views (Fig. 16.8).

Fig. 16.3 Transesophageal echocardiography (TEE) in right ventricu-
lar inflow- outflow view, showing severe right ventriclular out flow tract 
narrowing (vertical arrow) and large VSD (horizontal arrow). RVOT 
right ventriclular out flow tract, PA pulmonary artery, VSD ventricular 
septal defect

Fig. 16.4 Transthoracic echocardiography (TTE) in parasternal short 
axis view, showing small pulmonary valve annulus, main pulmonary 
artery and its branches. PA main pulmonary artery, LPA left pulmonary 
artery, RPA right pulmonary artery, AO aorta

Fig. 16.5 In this parasternal short axis view using color flow mapping, 
asterisk indicate absence of left pulmonary artery (LPA). RPA right pul-
monary artery

Fig. 16.6 3D echo of a TOF patient, asterisk indicate VSD and aortic 
overriding. AO aorta, RV right venreicle
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Fig. 16.7 Fetal echocardiogram showing pseudo-overriding which is 
due to thin membranous septum. Obtaining different views will prevent 
this pitfall. AO aorta, RV right ventricle, LV left ventricle

Fig. 16.8 Fetal echocardiogram showing true aortic overriding. 
Asterisk indicate the VSD and aortic overriding. AO aorta, RV right 
ventricle, LV left ventricle

Fig. 16.9 Fetal echocardiogram, short axis of great arteries, showing 
small pulmonary artery and branches. AO aorta, PA pulmonary artery

 (b) Pulmonary artery diameter which is 40–55% less 
than aortic diameter in TF patients, while in normal 
fetus, pulmonary artery diameter is 9% larger than 
aortic diameter (Fig. 16.9).

 (c) Flow disturbances by color flow mapping (CFM)and 
evaluate pulse wave Doppler velocity through pul-
monic valve which is increased in comparison of aor-
tic valve in TF (Pulse wave Doppler velocity through 
pulmonary artery of normal fetus is slightly lower 
than aorta)

 (d) Laterality of the aortic arch in three-vessel trachea 
view and transverse image of fetal chest (The 
sausage- shaped arch to right of trachea, rather than its 

usual left sided position in three vessel view is in 
favor of right aortic arch)
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Tetralogy of Fallot with Absence 
of the Pulmonary Valve

Maryam Moradian

Abstract

In this rare anomaly which is similar to Fallot’s tetralogy, 
the pulmonary valve leaflets are rudimentary and non-
functional, resulting in severe pulmonary incompetence. 
The pulmonary artery and branches are enlarged and may 
lead to respiratory symptoms.

 Tetralogy of Fallot with Absence 
of the Pulmonary Valve (TOF, APV)

 1. In this subset of tetralogy of Fallot, evaluate the dysplas-
tic and rudimentary pulmonary valve which is both 
obstructive and regurgitant. Aneurysmal dilation of pul-

monary arteries can be best seen in parasternal short axis 
view (Figs. 17.1 and 17.2).

 2. Color flow mapping and Doppler study will confirm con-
comitant pulmonary valve stenosis and regurgitation 
(Fig. 17.2).

 3. In fetal echocardiography, absence of ductus arteriosus 
and dilated main pulmonary artery and branches along 
with echocardiographic findings of tetralogy of Fallot, 
will help to make the diagnosis (Fig. 17.3a, b). Color flow 
mapping will confirm severe pulmonary stenosis and 
insufficiency through diminutive pulmonary valve 
(Fig. 17.4).
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Fig. 17.1 (a, b) Transthoracic echocardiography, parasternal short 
axis view showing massive dilation of main pulmonary artery (MPA) 
and its branches (RPA & LPA), arrow in figure (a) indicate rudimentary 
ridge of tissue instead of pulmonary valve leaflets and small pulmonary 

valve annulus. In (b), Color Doppler mapping of the same patient, 
arrow heads point to redundant pulmonary valve, swirling of flow seen 
within the severely dilated MPA and braches
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Fig. 17.2 Doppler examination at the pulmonary valve annulus show-
ing to-and-fro flow pattern due to pulmonary stenosis (PS) and insuffi-
ciency (PI)

Fig. 17.4 Fetal 
echocardiogram diastolic 
frame, showing severe 
pulmonary regurgitation via 
rudimentary pulmonary valve 
(arrow heads). LPA left 
pulmonary artery, RPA right 
pulmonary artery

a b

Fig. 17.3 (a, b) Fetal two dimensional (a) and three dimensional (b) 
echocardiogram, showing short axis view of great arteries. Main pul-
monary artery and branches are severely dilated. Arrow heads point to 

rudimentary pulmonary valve. MPA main pulmonary artery, LPA left 
pulmonary artery, RPA right pulmonary artery, RVOT right ventricular 
out flow tract
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Ebstein’s Malformation of Tricuspid 
Valve

Maryam Moradian, Feridoun Noohi, and Azin Alizadehasl

Abstract

Displacement of the septal and posterior leaflets of the 
tricuspid valve, the hallmark of Ebstein’s anomaly, is 
best displayed in the apical four chamber view and is 
evaluated by measuring the displacement index. The 
most frequent additional anomaly is defect in atrial 
level.

 Ebstein’s Malformation of Tricuspid valve

 1. Evaluate the hallmark of Ebstein’s malformation of tri-
cuspid valve, displacement of the annular attachments of 
the septal and inferior (posterior) leaflets in apical four 
chamber and subcostal, coronal views (Fig. 18.1).

 2. The anterior leaflet retains its normal attachment to atrio 
ventricular groove but can become large and “sail-like”. 
Tethering of distal attachments of the anterior superior 
leaflet of the tricuspid valve is recognized by accessory 
attachments between the valve and the right ventricular 
wall. Evaluate these findings in apical four chamber 
view and describe its mobility. More than 50% mobility 
of this leaflet, absence of major tethering, and free 
movement of its leading edge, predict better result of 
surgery (Fig. 18.2a, b).

 3. Appreciate the displacement index [displacement dis-
tance (mm)/body surface area (m2)] in four chamber 
view during systole. Displacement index more than 
8 mm/m2 is diagnostic for Ebstein anomaly in doubtful 
cases

 4. Note that tricuspid valve (TV) leaflets are thickened and 
dysplastic in Ebstein anomaly. Evaluate width of vena 
contracta of tricuspid regurgitation jet (mild TR < 3 mm, 
severe TR > 8 mm), but remember that in Ebstein anom-
aly multiple TR jets are common. In small patients, if 
vena contracta is less than 10% of a normal TV annulus 
diameter consider it as, mild, and if it is more than 
25–30% of a normal TV annulus, it is severe. Also the 
density of Doppler profile will help you in this regard, 
very dense signals are compatible with severe 
regurgitation.

 5. Almost always there is an interatrial communication, 
PFO or ASD, so pay attention to size and direction of 
flow via these defects.

 6. Evaluate the enlargement of right atrium and right ven-
tricle as well as right ventricular dysfunction.

 7. Use color flow mapping to evaluate forward flow through 
right ventricular out flow tract and across pulmonary 
valve. Differentiate any functional pulmonary atresia 
from anatomic atresia.

 8. You may use Celermajer index (or GOSE index) to pre-
dict the outcome of the patient. If the area of right atrium 
+ atrilalized right ventricle/area of left atrium+ left ven-
tricle+ functional right ventricle is more than 1, mortal-
ity will be high (Fig. 18.3).

 9. The commissure between septal and inferior (poste-
rior) leaflet is the most displaced region in Ebstein’s 
anomaly and cause bileaflet configuration of the valve 
which can be evaluated in parasternal long axis view 
(Fig. 18.4)
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 10. During fetal life increased cardiothoracic ratio, enlarge-
ment of right atrium, severe levorotation of heart, and 
tricuspid regurgitation should rise the suspicion of this 
anomaly (Fig. 18.5a, b).

 11. Severe forms of Ebstein anomaly may lead to profound 
cardiac dysfunction in utero, hydrops fetalis, and even 
fetal death (Fig. 18.6)

Fig. 18.1 Transthoracic echocardiography apical four chamber view, 
systolic frame showing Ebstein malformation of tricuspid valve. Arrow 
heads point to insertion of displaced septal leaflet of tricuspid valve into 
ventricular cavity. Asterisk indicate the anatomic atrioventricular junc-
tion. RA right atrium, LA left atrium, ARV atrilalized right ventricle, LV 
left ventricle, FRV functional right ventricle

a b

Fig. 18.2 (a, b) Transeshophageal four chamber view (TEE) showing 
systolic (a) and diastolic frames (b) of Ebstein‘s malformation of tri-
cuspid valve. Septal leaflet displacement (distance between asterisks) 

can be seen. Also sail like anterior leaflet (arrow heads) and its mobility 
is shown. RA right atrium, LA left atrium, RV right ventricle, LV left 
ventricle
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Fig. 18.3 Transthoracic echocardiography apical four chamber view 
can be used for evaluation of Celermajer index. RA right atrium, LA left 
atrium, ARV atrilalized right ventricle, LV left ventricle, FRV functional 
right ventricle

Fig. 18.4 Transthoracic echocardiography, parasternal long axis view 
showing the functional orifice of tricuspid valve which is rotated api-
cally and anteriorly due to Ebstein malformation (arrow heads) and 
bileaflet configuration of TV. RV right ventricle, LA left atrium, LV left 
ventricle, AO aorta

Fig. 18.6 Fetal echocardiogram showing hydrops fetalis, accumula-
tion of fluid in different cavities, plural effusion is indicated by arrow, 
and ascites by asterisk

a b

Fig. 18.5 (a, b) Fetal echocardiogram of a fetus with Ebstein anomaly 
displacement of septal leaflet is shown in two dimensional (a) view by 
asterisks and tricuspid regurgitation is indicated by arrow heads (b). 

Also pay attention to enlargement of RA. RV right ventricle, LA left 
atrium, LV left ventricle, RV right ventricle
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Tricuspid Atresia

Maryam Moradian

Abstract

Absence of right atrioventricular connection is the hall-
mark of this third most common cyanotic congenital heart 
disease which is easily recognizable by echocardiography 
even during fetal life. Presence of interatrial communica-
tion and its size, ventricular septal defect, relation of great 
arteries, and pulmonary stenosis or pulmonary hyperten-
sion are important echocardiographic features that should 
be evaluated.

 Tricuspid Atresia

 1. Compare the size of left and right ventricles in four 
chamber view, demonstrate small, diminutive right ven-
tricle (RV) and the absence of right atrioventricular con-
nection (Fig. 19.1).

 2. Appreciate the orientation of the great arteries (normal 
or transposed).

 3. The presence of an atrial septal defect (ASD), patent 
foramen ovale (PFO), ventricular septal defect (VSD), 
pulmonary valve stenosis or atresia must be explained.

 4. Classify the type based on the relationship of great arter-
ies, presence of VSD and pulmonary stenosis as:
Type I: Normally Related Great Arteries
 (a)  No VSD and pulmonary atresia
 (b) Small VSD and pulmonary stenosis
 (c)  Large VSD without pulmonary stenosis

Type II: Transposed Great Arteries
 (a)  VSD and pulmonary atresia
 (b) VSD and pulmonary stenosis
 (c)  VSD without pulmonary stenosis

Type III: Congenitally Corrected Transposition of 
the Great Arteries

 5. Interrogation of the atrial septum by color Doppler, will 
demonstrate an obligatory right-to-left shunt via ASD, 
and if ASD is restrictive, the right atrium (RA) and 
hepatic veins would be severely dilated (Fig. 19.2).

 6. Use color flow mapping to show absence of right atrio-
ventricular connection as well as competency of left 
atrioventricular valve, which is important for planning 
the surgical repair (Figs. 19.3 and 19.4).

 7. Completely evaluate for redundant, prominent 
Eustachian valve which may lead to misidentification as 
an ASD.

 8. Also be aware of juxtaposition of right atrial appendage 
(RAA), especially if great arteries are transposed. The 
orifice of a juxtaposed RAA may be confused with an 
ASD. In parasternal long axis view, appearance of atrial 
septum, suggest this anomaly (Fig. 19.5). Also if in sub-
costal four chamber view the arrangement of atrial sep-
tum seems abnormal and has a curvature with convexity 
to the left you may find the RAA by tilting the plane of 
sound anteriorly and find its course from right to left 
which confirm its juxtaposition.

 9. There may be total absence of tricuspid valve and 
replaced with a muscular shelf or it may be formed but 
is imperforate like a membrane. These can better be seen 
in transesophageal echocardiography (Fig. 19.6a, b)

 10. During fetal life tricuspid atresia can be diagnosed by 
lack of communication between RA and RV, redundant 
valve of foramen ovale, large ASD, and small diminu-
tive RV (Fig. 19.7).
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Fig. 19.1 Four chamber transthoracic echocardiography in apical win-
dow, showing small diminutive right ventricle, tricuspid atresia (arrow 
heads), and two small VSD s (asterisks), thickened anterior mitral leaf-
let is seen in this diastolic frame. RV right ventricle, LV left ventricle, 
RA right atrium, LA left atrium

Fig. 19.2 In this case of Tricuspid atresia, large ASD is shown by 
asterisk. RV right ventricle, LV left ventricle, RA right atrium, LA left 
atrium

Fig. 19.3 Transthoracic echocardiography, color Doppler interroga-
tion of atrioventricular valves in this four chamber diastolic frame con-
firms lack of communication between right atrium and right ventricle 
due to tricuspid atresia. RV right ventricle, LV left ventricle, RA right 
atrium, LA left atrium

Fig. 19.4 Transesophageal echocardiography mid esophageal four 
chamber view, systolic frame of a patient with tricuspid atresia, show-
ing mitral regurgitation (arrow heads). LA left atrium, LV left ventricle
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Fig. 19.5 Parasternal long axis view of a patient with tricuspid atresia, 
transposition of great arteries and pulmonary stenosis. Unusual orienta-
tion of atrial septum (arrow heads) is suggestive of juxtaposition of 
RAA. RV right ventricle, LV left ventricle, RA right atrium, LA left 
atrium, PA pulmonary artery, AO aorta
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Fig. 19.6 (a, b) Transesophageal echocardiography mid esophageal 
four chamber view, diastolic frames, two dimensional (a), and with 
adding color Doppler (b) in a patient with tricuspid atresia, Arrow 
heads point to muscular shelf instead of tricuspid valve and asterisk 

indicate the VSD. Right ventricle is small and diminutive. Left to right 
shunt via VSD is seen in blue color. RV right ventricle, LV left ventricle, 
RA right atrium, LA left atrium

Fig. 19.7 Fetal echocardiogram in four chamber view showing rudi-
mentary RV, tricuspid atresia (arrow heads), enlarged left heart cham-
bers, VSD, and large ASD (asterisks). RV right ventricle, LV left 
ventricle

19 Tricuspid Atresia



67© Springer-Verlag GmbH Germany, part of Springer Nature 2021
M. Moradian, A. Alizadehasl (eds.), Atlas of Echocardiography in Pediatrics and Congenital Heart Diseases, 
https://doi.org/10.1007/978-3-662-62341-1_20

Congenital Dysplasia of the  
Tricuspid Valve

Maryam Moradian and Azin Alizadehasl

Abstract

Shortened chorda, thickened leaflets, restricted motion of 
septal and inferior leaflets without displacement, help to 
distinguish this anomaly from Ebstein’s malformation of 
tricuspid valve though in both anomaly tricuspid regurgi-
tation may be significant.

 Congenital Dysplasia of the Tricuspid Valve

 1. Evaluate shortened chorda and thickened leaflets of tri-
cuspid valve (TV) in four chamber view.

 2. Remember that, though leaflets are abnormal, and their 
motion is restricted, they are not displaced or adherent to 
their underlying myocardium (Fig. 20.1)

 3. Tricuspid regurgitation in these patients arises from TV 
annulus which is an important feature for differentiating 
this anomaly from Ebstein’s anomaly even during fetal 
life (Fig. 20.2a, b).
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Fig. 20.1 Apical four chamber view of a congenital dysplastic tricus-
pid valve, systolic frame showing normal insertion (asterisk) of abnor-
mally thickened TV leaflets with shortened chorda in two dimensional 
transthoracic echocardiography (right) and severe tricuspid regurgita-
tion via coaptation gap (arrow heads (left). RV right ventricle, LV left 
ventricle, RA right atrium, LA left atrium
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a

b

Fig. 20.2 (a, b) Fetal echocardiogram four chamber view showing 
dysplastic tricuspid valve. Asterisk indicate mild pericardial effusion. 
Color Doppler interrogation in same patient reveals significant tricuspid 
regurgitation (arrow heads) in b. This fetus also suffers from pericardial 
and plural effusion. Plu plural effusion, RV right ventricle, LV left ven-
tricle, RA right atrium, LA left atrium
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UHL Anomaly

Shamsi Ghaffari, Azin Alizadehasl, and Maryam Moradian

Abstract

Severe Dilation and dysfunction of right ventricle (RV), 
absence of myocardium of the parietal RV wall, apposi-
tion of pericardium and endocardium, normal muscular-
ization of septal and septomarginal trabeculation as well 
as normal papillary muscles of RV are echocardiographic 
characteristics of this anomaly which should be differen-
tiated from Ebstein anomaly and arrhythmogenic right 
ventriclular dysplasia (ARVD).

 UHL Anomaly

 1. Severe dilation of right ventricle (RV), right atrium (RA), 
severe RV dysfunction with diffuse RV hypokinesia, 
while left ventricular (LV)function is normal, should rise 
the suspicion of RV cardiomyopathy (Fig. 21.1).

 2. Use color and continuous Doppler to evaluate tricuspid 
regurgitation

 3. Don’t forget to assess for possible associated anomalies 
including ASD and pulmonary atresia with intact ventric-
ular septum

 4. To distinguish UHL anomaly from other types of RV car-
diomyopathy evaluate the RV myocardium. In UHL 
anomaly or “parchment heart” myocardial layer of pari-
etal RV wall is absent or is very thin but septomarginal 
trabeculation, and papillary muscles have normal myo-

cardial layer. In other types of RV cardiomyopathy RV 
wall thickness is normal or increased.

 5. Also evaluate the tricuspid valve leaflets that insert at the 
true anatomic annulus. This finding differentiate it from 
Ebstein anomaly of tricuspid valve.

 6. Arrhythmogenic right ventriclular dysplasia (ARVD) 
should also be differentiated from UHL anomaly. In Uhl 
anomaly, endocardium and epicardium lie parallel and 
there is no fat tissue between them.
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Fig. 21.1 Transthoracic echocardiography, subcostal view showing 
thin parietal wall of RV (arrow) due to absence of myocardium. 
Asterisks indicate normal insertion of tricuspid valve leaflets. Mild 
pericardial effusion is also seen. RA right atrium, RV right ventricle, PA 
pulmonary artery
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Pulmonary Valve Stenosis

Shamsi Ghaffari and Maryam Moradian

Abstract

Echocardiography has an important role both in diagnosis 
and follow up of patients with pulmonary stenosis (PS), 
Dome shape opening, post stenotic dilation, and right 
ventricular hyprtrophy are two dimensional echocardio-
graphic (2D) findings of pulmonary stenosis and should 
be completed by color and Doppler echocardiographic 
evidences.

 Pulmonary Valve Stenosis

 1. Differentiate the typical pulmonary valve stenosis, which 
is the second most common cardiac anomaly to ventricu-
lar septal defect (VSD) from dysplastic pulmonary valve. 
In typical pulmonary valve stenosis, pulmonary valve 
leaflets appear prominent due to thickening and restricted 
motion during systole; make an inward curvature, known 
as “doming”. Also post stenotic dilation of the main pul-
monary artery (MPA) is in favor of classic pulmonary 
valve stenosis. Transthoracic parasternal short axis view 
is one of the most useful views to see the pulmonary valve 
leaflets. Measure the pulmonary valve annulus and MPA 
diameter in the parasternal short-axis view in systole. Pay 
attention to evaluate the annulus as the maximal distance 
between the hinge points of the valve leaflets (Fig. 22.1).

 2. In cases of dysplastic pulmonary valve, leaflets are thick-
ened and immobile, with no doming. The pulmonary 
valve annulus is hypoplastic, and MPA is narrow. 
Dysplastic pulmonary valve is commonly seen in patients 
with Noonan syndrome.

 3. Right ventricular hypertrophy (RVH), dynamic subvalvar 
pulmonary stenosis, and severity of tricuspid regurgita-
tion (TR) should also be evaluated in all cases of pulmo-
nary stenosis. Pressure gradient of TR can be used for 
estimation of RV systolic pressure

 4. Use color flow mapping to align the Doppler beam paral-
lel with the direction of the flow jet as much as possible 
and estimate the severity of pulmonary stenosis (PS). In 
transthoracic echocardiography use parasternal short 
axis, high parasternal short and long-axis, as well as sub-
costal sagittal views to evaluate the PS jet. The Doppler- 
derived peak pressure gradient in pulmonary stenosis is 
almost similar with the peak-to-peak pressure gradient 
measured at catheterization (it exceeds the peak-to-peak 
pressure gradient measured at catheterization by a small 
amount and is not clinically significant).

Grading of pulmonary stenosis is based on peak veloc-
ity (m/s) and peak gradient (mmHg) as below:
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Fig. 22.1 Parasternal short axis view from a case of typical pulmonary 
valve stenosis, showing doming of leaflets (arrow heads) and post ste-
notic dilation of main pulmonary artery. AO aorta, RVOT right ventricu-
lar out flow tract, MPA main pulmonary artery
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 (a) Mild PS if peak velocity is <3 m/s and peak gradient 
is <36 mmHg

 (b) Moderate PS if peak velocity is 3–4 m/s and peak gra-
dient is 36–64 mmHg

 (c) Severe PS if peak velocity is >4 m/s and peak gradi-
ent is >64 mmHg (Fig. 22.2).

 5. Evaluate dynamic subvalvar pulmonary stenosis, using 
continuous (CW) and pulsed wave Doppler (PW), to dif-
ferentiate the location of stenosis and evaluate their sever-
ity (Fig. 22.3).

 6. Different transesophageal echocardiographic (TEE) 
views are useful for evaluation of pressure gradient across 
pulmonary valve including pulmonary bifurcation view at 
0° (Fig. 22.4), and aortic arch short axis view at 60°–100° 
(Fig. 22.5).

 7. Also in TEE RVOT and Pulmonary valve can be evalu-
ated in modified transgasteric short axis view 
(Fig. 22.6)

 8. As this anomaly may be progressive regular echocardio-
graphic follow-up is necessary.

 9. Fetal echocardiographic evaluation of pulmonary stenosis 
is best performed by observing the abnormally thickened 
leaflets of pulmonary valve in different views especially 
right ventricular out flow tract view. Even post stenotic 
dilation of MPA can be seen in three vessel view. By 
using color and pulsed Doppler interrogation you can 
confirm the diagnosis (Fig. 22.7a, b)

Fig. 22.2 The Doppler-derived peak pressure gradient of pulmonary 
stenosis in a child with sever pulmonary stenosis

Fig. 22.3 Continuous wave Doppler scan from a child with severe val-
var pulmonary stenosis and secondary hypertrophic subpulmonary ste-
nosis. The asymmetric profile within the envelope of the CW Doppler 
signal represents the gradient across the zone of subvalvar pulmonary 
stenosis

Fig. 22.4 TEE Upper esophageal pulmonary artery long axis view at 
0° in a normal child. In this view you can evaluate pulmonary valve 
pressure gradient accurately. MPA main pulmonary artery, RPA right 
pulmonary artery, SVC superior vena cava, AO ascending aorta

Fig. 22.5 TEE, upper esophageal aortic arch short axis view, arrow 
heads indicate pulmonary valve in a normal child. AO arch, aortic arch, 
PA pulmonary artery, RVOT right ventricular out flow tract
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Fig. 22.6 TEE, transgasteric short axis view, showing RVOT and pul-
monary valve (arrow heads) in a normal child. RV right ventricle, LV 
left ventricle, MPA main pulmonary artery

a

b

Fig. 22.7 (a, b) Fetal echocardiography showing thickened pulmonary 
valve leaflets as well as dilated main pulmonary artery and doming in 
(a) and increased velocity and pressure gradiant via stenotic valve in 
(b). MPA main pulmonary artery, RVOT right ventricular out flow tract
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Critical Pulmonary Stenosis (Critical PS)

Maryam Moradian

Abstract

In a cyanotic and ill newborn, critical pulmonary stenosis 
should be ruled out. Severe pulmonary stenosis in this 
new born may lead to decreased right ventricular compli-
ance and right-to-left shunt through a patent foramen 
ovale (PFO). Echocardiography is invaluable for the diag-
nosis of this structural anomaly, its hemodynamic conse-
quences, and planning for the urgent intervention.

 Critical Pulmonary Stenosis (Critical PS)

 1. In a cyanotic newborn with severe right ventricular hyper-
trophy (RVH), as well as severe PS, critical PS should be 
considered. Evaluate right ventricular hypertrophy (RVH) 
in different echocardiographic views (Fig. 23.1). You may 
find different degrees of RV endocardial fibroelastosis 
(EFE) as well (Fig. 23.2).

 2. Check for right to left shunt via atrial septal defect (ASD) 
or patent foramen ovale (PFO) in subcostal and four 
chamber views

 3. Evaluate the severity and pressure gradient of tricuspid 
regurgitation using color flow mapping and Doppler. 
Estimate RV systolic pressure (Fig. 23.3).

 4. Remmember to appreciate for patency of ductus arterio-
sus (PDA) which is needed to maintain systemic satura-
tion in these patients (Fig. 23.4).

 5. Measure the pulmonary valve annulus in parasternal 
short-axis view. Select a systolic frame and evaluate the 
maximal distance between hinge points of valve leaflets. 
Also evaluate the size of main pulmonary artery and its 
branches in systolic frames.

 6. Evaluate the development of right ventricle (RV) by mea-
suring the tricuspid valve annulus in apical four chamber 
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Fig. 23.2 In this four chamber view arrowheads points to endocardial 
fibroelastosis (EFE) RA and RV are enlarged in this case of critical PS. 
RV right ventricle, RA right atrium

Fig. 23.1 Parasternal long axis view with slight left ward tilting of 
transducer in a neonate with critical PS. Arrow heads points to thick-
ened pulmonary valve leaflets. Severe RVH is also shown. RV right 
ventricle, LV left ventricle, PA pulmonary artery
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view. Use a diastolic frame and measure the maximal dis-
tance between the hinge points of the valve leaflets.

 7. During intrauterine life, pulmonary stenosis may progress 
to critical pulmonary stenosis. So serial fetal echo is rec-
ommended. Also in cases of twin pregnancy, the recipient 
twin of twin-to-twin transfusion syndrome (TTTS) may 
be in danger of developing subvalvar and valvar pulmo-
nary stenosis
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Fig. 23.3 Doppler evaluation of RV systolic pressure. RV right ven-
tricle, TR tricuspid regurgitation

Fig. 23.4 Parasternal short axis view using color flow mapping to 
show PDA flow (arrow heads) in this case of critical PS. RA is severely 
enlarged. RA right atrium, AO aorta, MPA main pulmonary artery, RPA 
right pulmonary artery, LPA left pulmonary artery
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Double-Chambered Right Ventricle 
(DCRV) or Right Ventricular Muscle 
Bundle (RVMB)

Maryam Moradian and Azin Alizadehasl

Abstract

Echocardiography is very useful to identify and follow up 
patients with Double-Chambered Right Ventricle. This 
anomaly is often associated with VSD.

 Double-Chambered Right Ventricle (DCRV) 
or Right Ventricular Muscle Bundle (RVMB)

 1. Appreciate abnormal right ventricular muscle bundle 
(RVMB) in apical four chamber and subcostal as well as 
parasternal views. Two-dimensional echo shows narrow-
ing of mid RV cavity and color flow Doppler confirm the 
obstruction by displaying the turbulent jet. The subcostal 
view provides better alignment for measuring the pres-
sure gradient by continuous Doppler (CW).

 2. Often ventricular septal defect (VSD) is also present, so 
check the interventricular septum in different views

 3. Transesophageal echocardiography (TEE) is very useful 
especially in adult patients with poor echo window. Use 
RV Inflow-outflow view and check both VSD and RVMB 
simultaneously (Figs. 24.1 and 24.2).

 4. As this anomaly is progressive especially in adolescents, 
serial echocardiography is recommended

 5. This anomaly in adults may be associated with aortic 
insufficiency or mild subaortic stenosis. Also, spontane-
ous VSD closure may had happen by time in these 
patients.
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Fig. 24.2 TEE, RV inflow–out flow view, using color flow mapping to 
show VSD (asterisk) and RVMB (arrow heads). RV right ventricle, RA 
right atrium

Fig. 24.1 TEE showing RV inflow-outflow view in a patient with dou-
ble chamber RV, asterisks indicate abnormal muscle bundle within RV 
cavity. RV right ventricle, AO aorta
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 6. There are case reports of this anomaly during fetal life 
leading to fetal hydrops or severe heart failure, so in cases 
of hydrops and heart failure during fetal life don’t over-
look this anomaly.
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Supravalvar Pulmonary Stenosis, 
and Peripheral Pulmonary Stenosis 
(PPS)

Maryam Moradian and Azin Alizadehasl

Abstract

Supravalvar pulmonary stenosis can occur at any level 
along main pulmonary artery and its branches. It is com-
monly associated with other CHDs and or syndromes 
such congenital rubella, Alagille, Noonan, Ehlers-Danlos 
and Williams. Physiologic peripheral pulmonic stenosis 
may be present in neonatal period.

 Supravalvar Pulmonary Stenosis, 
and Peripheral Pulmonary Stenosis (PPS)

 1. Native supravalvar pulmonary stenosis, a very rare 
entity, in most cases is at the sinotubular junction of 
main pulmonary artery (MPA). This anomaly creates an 
hour glass appearance, similar to supravalvar aortic ste-
nosis. Use different views, including parasternal short 
and long axis, subcostal, and suprasternal windows to 
evaluate the stenosis, even you may be able to visualize 
it by anterior sweeping in apical view.

 2. Narrowing of pulmonary trunk, its bifurcation, and pul-
monary artery branches commonly are associated with 
other congenital heart diseases especially tetralogy of 
Fallot (Fig. 25.1).

 3. Supravalvar pulmonary stenosis and peripheral pulmo-
nary stenosis may also be seen in association with some 
syndromes, such as DiGeorge, congenital rubella, 
Alagille, Williams, Noonan, and Ehlers-Danlos.

 4. During neonatal period especially in premature infants a 
transient and mild form of peripheral pulmonary artery 
stenosis can be detected which resolve within 3 months.

 5. Never forget the limitation of echocardiography to visu-
alize the distal parts of right and left pulmonary arteries. 
If tricuspid regurgitation jet indicates an elevated RV 
systolic pressure and there is no pulmonary valve steno-
sis or pulmonary hypertension, try to evaluate branch 
pulmonary arteries for peripheral stenosis. You may 
need to use other imaging modalities such as CT Scan or 
MRI.

 6. Use color Doppler to find the location of RPA and LPA 
narrowing (Fig. 25.2a, b)

 7. Check for discrete LPA stenosis in conotruncal lesions 
with tortuous PDA (Fig. 25.3)

 8. Evaluate for concomitant supravalvar AS which is seen 
in Williams syndrome
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Fig. 25.1 Transthoracic parasternal short axis view showing supraval-
var pulmonary stenosis (arrow heads) and narrowing of RPA and LPA. 
RPA right pulmonary artery, LPA left pulmonary artery, PA pulmonary 
artery, RVOT right ventricular out flow tract
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a b

Fig. 25.2 (a, b) Arrowheads in this parasternal short axis view point to 
hypo plastic RPA (a). Turbulent flow in RPA can be seen by color alias-
ing in suprasternal short axis views (b). RPA right pulmonary artery, 

LPA left pulmonary artery, MPA main pulmonary artery, SVC superior 
vena cava, AO aorta, LA left atrium

Fig. 25.3 RPA and LPA stenosis leads to aliasing of color in this para-
sternal short axis

 9. Remmeber that it may occur after surgeries, like shunts, 
pulmonary sling repair, unifocalization, Lecompte 
maneuver in arterial switch and so on.

 10. Remember that TEE is sub-optimal for visualizing distal 
parts of LPA and RPA.  In midesophagial ascending 

aorta short axis view, bifurcation of MPA, RPA, and 
proximal part of LPA can be seen.
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Pulmonary Valve Atresia, Intact 
Ventricular Septum (PA IVS) 
or Hypoplastic Right Heart Syndrome 
(HRHS)

Shamsi Ghaffari and Maryam Moradian

Abstract

In pulmonary atresia intact ventricular septum, or hypo-
plastic right heart syndrome the blood that enters the 
right ventricle has no egress, so regurgitate back into 
right atrium via tricuspid valve, and reach the left atrium 
through foramen ovale. These patients may have coronary 
sinusoidal channels. Echocardiography is useful in evalu-
ating the right ventricular and tricuspid annulus size and 
may show sinusoidal channels, but angiography is neces-
sary to evaluate the RV-dependent coronary circulation, 
and make the best decision for patient.

 Pulmonary Atresia, Intact Ventricular 
Septum (PA IVS) or Hypoplastic Right Heart 
Syndrome (HRHS)

 1. Remember that in this anomaly RV is strikingly heterog-
enous. Evaluate RV in apical four chamber view deter-
mine whether it is tripartite (inlet, trabecular, and outlet 
components), bipartite (inlet and outlet components), or 
unipartite (inlet component only) (Fig. 26.1). Right ven-
tricular size is very important as well and is proportional 
to the size of the tricuspid valve (TV) annulus. Confirm 
the suitability for biventricular repair by evaluation the Z 
score of TV annulus which should be calculated by mea-
suring the diameter of annulus in four chamber view, 
z-score of less than −3 has been reported is considered 
suboptimal. Also compare TV annulus diameter with 
mitral valve (MV) annulus diameter. TV diameter/MV 

diameter  >  0.5 make the results of biventricular repair 
optimal.

 2. Also special attention should focus on right to left shunt-
ing across interatrial septum in subcostal views, using 
color flow mapping and Doppler modalities. This shunt is 
necessary to maintain the systemic perfusion.

 3. Evaluate the interventricular septum in different views 
and confirm that it is intact. Also evaluate the left ven-
tricular function.

 4. Determine whether the atretic pulmonary valve is mem-
branous, or a long segment and muscular. The parasternal 
long and short axis and subcostal views are most helpful 
in this regard. Also, it is necessary to evaluate the conflu-
ence and size of the branch pulmonary arteries. Main pul-
monary artery (MPA) is almost always present. Pulmonary 
artery branches are usually confluent and normal sized. 
Rarely multiple aortopulmonary collaterals (MAPCAS) 
provide pulmonary blood supply.

 5. Assess the coronary arteries and look for the presence of 
any ventriculocoronary arterial connections, which result 
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Fig. 26.1 Apical four chamber view of a patient with PA/IVS showing 
diminutive RV. RV right ventricle, LV left ventricle, LA left atrium, RA 
right atrium
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in RV-dependent coronary circulation especially in cases 
with very small and hypertensive RV.  These sinusoidal 
channels, connections between RV and coronary arteries 
are sometimes stenotic and cause some parts of myocar-
dium be dependent on RV pressure for perfusion. Use low 
scale color flow mapping to find coronary sinusoids, 
though confirmation of RV dependent coronary circula-
tion typically requires angiocardiography (Fig. 26.2).

 6. Evaluate the tricuspid valve (TV) anatomically and func-
tionally, using 2D and color Doppler in different views. 
TV is rarely normal in this anomaly. The spectrum of TV 
anomaly may range from severe stenosis to severe regur-
gitation. It may be dysplastic or may show degrees of dis-
placement (Ebstein anomaly). The incidence of RV 
dependent coronary circulation is lower in patients with 
regurgitant tricuspid valve as regurgitation helps the 
decompression of RV.

 7. Also delineate the size and course of the Patent ductus 
arteriosus (PDA) from suprasternal notch long axis and 
high parasternal views (Fig. 26.3).

 8. In TEE evaluate interatrial septal defect in mid esopha-
geal four chamber and bicaval view and the size of tricus-
pid valve annulus and RV in mid esophageal four chamber 
and RV in flow- out flow views. Long axis and transgas-
teric views are very useful regarding mitral valve and car-
diac function evaluation.

 9. During fetal life, with advancing gestation, the RV wall 
becomes more hypertrophied in cases of PA IVS. Evaluate 

hypoplasia of RV cavity, in four chamber view (Fig. 26.4). 
Show the severity of TR and appreciate any reverse flow 
through ductus arteriosus (Figs.  26.5 and 26.6). Severe 
tricuspid regurgitation in fetuses with PA IVS may leads 
to right heart failure, pleural effusion pericardial effusion, 
ascites, lung hypoplasia, and fetal death. Also appreciate 
ventriculocoronary arterial connections by color Doppler 
and confirm it by PW.

Fig. 26.2 Subcostal coronal view showing multiple coronary sinusoi-
dal channels by color flow Doppler (arrows)

Fig. 26.3 Parasternal, short axis view of membranous type PA IVS, 
presence of PDA is confirmed by color Doppler, red color indicate flow 
toward atretic pulmonary valve. Atretic pulmonary valve is shown by 
arrow heads. PDA patent ductus arteriosus, MPA main pulmonary artery

Fig. 26.4 Fetal echocardiogram, four chamber view showing very 
small and diminutive right ventricle (arrow heads). LV left ventricle, LA 
left atrium, RA right atrium
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a b

Fig. 26.5 (a) Echocardiogram of a fetus with PA IVS, four chamber 
view showing small RV (arrow heads) with bulging of interventricular 
septum into LV. (b) The same case by addition of color flow mapping 

shows moderate TR, arrow points to red color of tricuspid regurgitation 
jet. RV right ventricle, LV left ventricle, TR tricuspid regurgitation, LA 
left atrium, RA right atrium

Fig. 26.6 Reversal flow via ductus arteriosus in sagittal view in a fetus 
(asterisk), arrow heads point to atretic pulmonary valve. DAO descend-
ing aorta
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Pulmonary Atresia with VSD (PA-VSD) 
or Tetralogy of Fallot and Pulmonary 
Valve Atresia (TF-PA)

Maryam Moradian

Abstract

A large ventricular septal defect (VSD), overriding of the 
aorta along with underdevelopment of the right ventricu-
lar outflow tract (RVOT) with atretic pulmonary valve are 
key echocardiographic findings in this anomaly. This 
anomaly should be differentiated from TOF with pulmo-
nary stenosis as in PA VSD the blood supply to the lungs 
is completely from the systemic arterial circulation, 
through the ductus arteriosus, major aortopulmonary col-
lateral arteries (MAPCAs), or a combination of both.

 Pulmonary Atresia with VSD (PA-VSD) or 
Tetralogy of Fallot and Pulmonary Valve 
Atresia (TF-PA)

 1. Remember that echocardiographic appearance of or pul-
monary atresia with VSD (PA-VSD) is similar to that of 
TOF, so appreciate the large aortic valve that overrides on 
a malaligned VSD in parasternal long axis view 
(Fig. 27.1).

 2. Evaluate the extent of pulmonary artery atresia, in differ-
ent views. Scanning from suprasternal and high paraster-
nal windows can provide information about pulmonary 
valve, the proximal portion of the pulmonary trunk, and 
pulmonary artery branches that may be confluent or not.

 3. The same views also should be evaluated for sided of aor-
tic arch, PDA, and collaterals. Remember that unlike the 
PDA as an isolated lesion, in this anomaly, ductus tends to 
arise more proximally under the aortic arch (vertical 
PDA), longer, and sometimes tortuous (Fig. 27.2a, b).

 4. Don’t forget that distinct feature of PA-VSD which would 
help you to differentiate it from TOF is that the blood sup-

ply to the lungs is entirely from the systemic arterial circu-
lation that could be either through either PDA or MAPCAs 
and there is no flow directly from RV to lungs. Those 
MAPCAs originating from the upper parts of descending 
aorta may be visualized in both transthoracic suprasternal 
view and transesophageal aortic arch views. These vessels 
are tortuous, may branch, and Doppler interrogation shows 
continuous flow pattern (Fig. 27.3a, b)

 5. Remember that though echocardiography can character-
ize intracardiac anatomy its role in assessing pulmonary 
artery anatomy is limited. Length of atretic region, 
 presence of pulmonary artery confluency, anatomy of 
main and pulmonary arteries branches, arborization 
abnormalities, and distribution of MAPCAs can better 
visualized by angiography, CT scan, and MRI.

 6. In fetal echocardiography, reverse flow via ductus arterio-
sus toward pulmonary artery can help to differentiate PA- 
VSD from TOF. In PA-VSD, color Doppler demonstrates 
filling of the right and left pulmonary arteries via retro-
grade flow through ductus arteriosus (Fig.  27.4). 
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Fig. 27.1 Parasternal long axis view showing aortic overriding on 
VSD (asterisk) in a patient with PA-VSD. LV left ventricle, RV right 
ventricle, AO aorta, LA left atrium
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Occasionally MAPCAs can be find by reducing color 
velocity scale arising from the descending aorta.
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a b

Fig. 27.2 (a, b) Suprasternal long axis view showing vertical PDA in 
patient with PA-VSD (a). Color Doppler interrogation in the same 
patient confirm ductal dependent pulmonary blood flow. Arrow heads 

point to vertical PDA which provide blood flow to small confluent PA 
branches. AO aorta, LPA left pulmonary artery, RPA right pulmonary 
artery

Fig. 27.4 Reversal flow toward atretic pulmonary valve via ductus 
arteriosus is indicated by arrow in this parasagittal fetal echocardio-
gram of a fetus with VSD-PA. PA pulmonary artery

a b

Fig. 27.3 (a, b)Transthoracic suprasternal long axis view of a patient with PA-VSD, arrows indicate two MAPCAs (a). Doppler interrogation in 
the same patient shows continuous flow within MAPCAs
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Fig. 28.1 Parasternal long axis view of a patient with DORV subpul-
monic VSD, anterior aorta and Taussig-Bing Physiology, arrow heads 
point to conal septum and mitral–pulmonary discontinuity. Subpulmonic 
VSD is showed by asterisk. LV left ventricle, RV right ventricle, AO 
aorta, PA pulmonary artery

Abstract

In this anomaly both great arteries arise primarily from 
right ventricle. Echocardiography is essential in under-
standing both the anatomy and physiology of this com-
plex conotruncal malformation. The various relationship 
of the great arteries and different location of the VSD as 
well as presence or absence of outflow tract obstructions 
should be evaluated by echocardiography.

 Double Outlet Right Ventricle (DORV)

 1. Remember that physiology of different types of double 
outlet right ventricle (DORV) ranges from a VSD type 
with increased pulmonary blood flow, to tetralogy type 
with reduced pulmonary blood flow, to transposition type 
with simultaneous hypoxemia and pulmonary over circu-
lation. Pay attention to three diagnostic signs of DORV:
 (a) Origin of both great arteries from right ventricle (RV)
 (b) The absence of any left ventricular out flow other 

than ventricular septal defect (VSD)
 (c) The discontinuity of mitral and semilunar valves.

Parasternal long axis view is very helpful to evaluate 
all these three features (Fig. 28.1). Evaluate the origin of 
both great arteries from RV in parasternal long and short 
axis views (more than 50% each great artery should be 
from RV to be considered DORV).

 2. You should not only describe the location of the VSD but 
also evaluate the streaming of blood through it, toward 
aorta or pulmonary artery using color Doppler (you may 
describe the location of the VSD as subaortic, subpul-

monic, doubly-committed, and noncommitted or remote) 
(Figs. 28.2 and 28.3).

 3. Evaluate the most common variant, tetralogy type DORV, 
for subaortic VSD and pulmonary stenosis (PS), and the 
degree of PS.

 4. For describing the second common type of DORV, trans-
position type, do not forget to evaluate the relationship of 
great vessel in sub costal views as well as the possibility 
of aortic arch hypoplasia in cases of subaortic narrowing 
which should be demonstrated in suprasternal views 
(Fig. 28.4).

 5. Evaluate the presence of mitral semilunar valve disconti-
nuity in different views, describe if there is any abnormal 
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chordal attachments and their relation to VSD.  Also 
determine any straddling and overriding of the atrioven-
tricular valves.

 6. For all types of DORV including the third common type 
(VSD type) and less common types (like noncommitted, 
doubly committed DORV…) it is very important to evalu-
ate the size of both ventricles and their adequacy for 
biventricular repair.

 7. As for surgical repair conduit placement may be necessary, 
evaluation of coronary arteries anomaly is essential.

 8. Some authors emphasize on measuring two distances:
 (a) The distance between VSD and the arterial valves, if 

this distance is greater than the aortic diameter VSD 
is considered remote type.

 (b) The distance between tricuspid and pulmonary valve, 
if this distance exceeds the diameter of the aortic 
annulus, intraventricular repair is indicated and vice 
versa.

 9. During fetal life DORV can be diagnosed by evaluation 
the out-flow tracts (Figs. 28.5 and 28.6).

a b

Fig. 28.2 (a) Transesophageal echocardiography (TEE), transgasteric 
view showing both great arteries arising from the right ventricle. (b) 
Addition of color-flow mapping demonstrates streaming of blood 
through VSD, toward pulmonary artery, this form of DORV transposi-

tion type is also called “Taussig–Bing anomaly” or “DORV with sub-
pulmonic VSD”. Asterisks indicate VSD. LV left ventricle, RV right 
ventricle, AO aorta, PA pulmonary artery

a b

Fig. 28.3 (a) Transesophageal echocardiography (TEE), diastolic 
frame, transgasteric view showing both great arteries arising from the 
right ventricle and noncommitted or remote VSD, asterisks indicate 
VSD. Enface cut of mitral and tricuspid valve is seen in corresponding 

ventricle. (b) The systolic frame of the same patient with addition of 
color-flow mapping. LV left ventricle, RV right ventricle, AO aorta, PA 
pulmonary artery
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Fig. 28.4 Subcostal coronal view of a patient with DORV transposi-
tion type and dilated pulmonary artery indicate pulmonary hyperten-
sion. Arrow head points to subaortic conus. RV right ventricle, AO 
aorta, PA pulmonary artery

Fig. 28.5 Fetal echocardiography: out flow tract view, showing both 
great arteries arising from morphologic RV (fetus suffered from com-
plex lesion: DORV, AVSD, PS, CHB, Interrupted IVC). LV left ventri-
cle, RV right ventricle, AO aorta, PA pulmonary artery

Fig. 28.6 Fetal echocardiography: out flow tract view, showing both 
great arteries arising from morphologic RV in this parasagittal view. 
SVC superior vena cava, RV right ventricle, AO aorta, PA pulmonary 
artery
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Abstract

Echocardiography can demonstrate both the anatomic 
and physiologic features of truncus arteriosus. In subcos-
tal and parasternal long axis views a single vessel, the 
truncus, can be seen overriding on VSD and both ventri-
cles eject blood into this vessel instead of aorta and pul-
monary artery. This vessel supplies systemic, coronary, 
and pulmonary circulation. Subcostal and suprasternal 
views allow evaluation of pulmonary trunk which origi-
nate from the single vessel, the truncus. Using color 
Doppler modalities is critical to evaluate regurgitation or 
stenosis of the truncal valve.

 Truncus Arteriosus

 1. Evaluate a single arterial trunk that gives the origin to 
the systemic, pulmonary, and coronary circulations. 
This arterial trunk can be visualized in long axis, and 
subcostal views (Fig.  29.1). This single great artery 
overrides the VSD and is in continuity with mitral valve.

 2. Don’t forget the important point for differentiating trun-
cus arteriosus from VSD-PA, in VSD-PA the pulmonary 
arteries do not arise directly from the ascending portion 
of single arterial trunk (Fig. 29.2).

 3. Different types of truncus arteriosus, based on the origin 
of the pulmonary arteries are as follow:

Collett and Edwards Classification
 – Type I: Short MPA originating from the left lateral 

aspect of common arterial trunk giving rise to both 
pulmonary arteries.

 – Type II: Separate but proximate origination of LPA 
and RPA from the posterolateral aspect of the com-
mon arterial trunk (Fig. 29.3).

 – Type III: Similar to type II, independent origination 
of RPA and LPA, but at some distance.

Van Praagh and Van Praagh Classification
• Type A1: Identical to type I of Collett and Edwards 

(explained before) (Fig. 29.4).
• Type A2: Encompasses types II and III.
• Type A3: Includes cases with truncal origin of one 

pulmonary artery (usually the right), with pulmo-
nary blood supply to the other lung from either the 
ductus arteriosus or from a collateral artery.

• Type A4: Defined not by the pattern of origin of pul-
monary branches, but rather by the coexistence of an 

Fig. 29.1 Subcostal coronal view showing type 1 truncus arteriosus. 
Asterisk indicate main pulmonary artery arising from truncus. RA right 
atrium, LV left ventricle, Tru truncus arteriosus
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aortic arch anomaly, including tubular hypoplasia, 
discrete coarctation, or complete interruption.

 4. Determine the number of truncal valve leaflets (unicom-
missural, bicuspid, tricuspid, quadricuspid, or pentacus-
pid) in parasternal short axis view. In most cases it is 
tricuspid.

 5. Evaluate the truncal valve insufficiency and or stenosis 
in different views using color Doppler.

 6. Evaluate the origin and proximal course of coronary 
arteries in parasternal short axis view.

 7. Absence or atresia of the ductus arteriosus is expected in 
approximately half of the patients with truncus arterio-
sus, the exception being truncus arteriosus with under-

development of the aortic arch in whom it may remain 
patent. So, in suprasternal long axis view, evaluate the 
PDA and arch anomalies.

 8. Remember that one pulmonary artery may be absent and 
in contrast with TOF, pulmonary artery most frequently 
is absent on the same side of the aortic arch not the 
opposite side.

 9. Transesophageal echocardiography is useful for more 
detailed evaluation especially the truncal valve 
anatomy.

 10. In fetal echocardiography detecting a malaligned VSD 
with the large overriding vessel on five chamber view 
along with absence of a separate pulmonary valve and 
pulmonary artery should raise the suspicion of truncus 
arteriosus (Fig. 29.5).

Fig. 29.3 High left parasternal short axis view of type II truncus arte-
riosus showing separate but proximate origination of left (LPA) and 
right (RPA) pulmonary branches from truncus (T). LPA left pulmonary 
artery, RPA right pulmonary artery, T truncus arteriosus

Fig. 29.4 Subcostal coronal view showing both LPA and RPA arising 
from very short MPA in this case of type 1 truncus arteriosus. LPA left 
pulmonary artery, RPA right pulmonary artery, MPA main pulmonary 
artery, T truncus arteriosus, LV left ventricle

Fig. 29.2 Parasternal long axis view of truncus arteriosus type 1 show-
ing main pulmonary artery (asterisk) arising directly from ascending 
portion of single arterial trunk. Arrow indicate truncus arteriosus. LV 
left ventricle, RV right ventricle, Trunc truncus arteriosus, VSD ven-
tricular septal defect

Fig. 29.5 Fetal echocardiogram long axis view showing single large 
vessel over riding on VSD and absence of separate pulmonary valve and 
artery. LV left ventricle, RV right ventricle, Tru truncus arteriosus
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 11. Try to identify the pulmonary trunk originating from 
large truncal vessel (Fig.  29.6a, b). Also use color 
 Doppler interrogation to find any regurgitation via trun-
cal valve.

Suggested Reading

Houston AB, Gregory NL, Murtagh E, et al. Two-dimensional echocar-
diography in infants with persistent truncus arteriosus. Br Heart Jr. 
1981;46:492–7.

Russell HM, Jacobs ML, Anderson RH, et  al. A simplified cat-
egorization for common arterial trunk. J Thorac Cardiovasc Surg. 
2011;141:645–53.

Swanson TM, Selamet Tierney ES, Tworetzky W. Truncus arteriosus: 
diagnostic accuracy, outcomes, and impact of prenatal diagnosis. 
Pediatr Cardiol. 2009;30(3):256–61.

Traisrisilp K, Tongprasert F, Srisupundit K, et al. Prenatal differentia-
tion between truncus arteriosus (Types II and III) and pulmonary 
atresia with ventricular septal defect. Ultrasound Obstet Gynecol. 
2015;46:564–70.

Volpe P, Paladini D, Marasini M, et al. Common arterial trunk in the 
fetus: characteristics, associations, and outcome in a multicentre 
series of 23 cases. Heart. 2003;89:1437–41.

a b

Fig. 29.6 (a, b) Fetal echocardiography of a fetus with truncus arterio-
sus, sagittal view, showing origination of main pulmonary trunk (arrow 
heads) from truncus (a). Addition of color Doppler on same view, 

shows the blood supply of main pulmonary trunk from truncus (b). Tru 
truncus arteriosus, DAO descending aorta
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Abstract

Congenital mitral anomalies are rare as isolated lesion. 
These anomalies are frequently encountered in combina-
tion with other lesions such as atrioventricular septal 
defects, Shone complex, hypoplastic left heart syndrome 
(HLHS). Mitral valve prolapse and rheumatismal mitral 
valve diseases are more common in older children or ado-
lescents. Three-dimensional echocardiography (3D) 
allows visualization of mitral valve, as it looks in reality 
and provide its anatomical details.

 Mitral Valve Anomalies

 1. Don’t forget two important points:
 (a) Dividing congenital mitral valve (MV) pathology 

into regurgitant and stenotic lesions is artificial 
because congenital MV abnormalities may lead to 
both of them

 (b) Performing transesophageal echocardiography 
(TEE) and/or three-dimensional echocardiography 
(3D) for MV is quite helpful especially if transtho-
racic echo (TTE) is not completely diagnostic

 2. Try to perform a comprehensive echocardiographic 
approach by imaging supravalvar mitral regions as well 
as annulus, leaflets, commissures, chorda tendinea, and 

papillary muscles of MV. Evaluation of coronary arter-
ies is also very important as ALCAPA my cause isch-
emia and fibrotic changes on mitral valve (MV), chorda, 
and papillary muscles which can lead to the develop-
ment of mitral valve prolapse and regurgitation.

 3. In the most common form of isolated congenital mitral 
stenosis (MS), global hypoplasia of MV, thickened and 
rolled leaflets especially their free edges, obliteration of 
intrachordal spaces, and deformed papillary muscles 
should be checked in different views including apical 
four chamber, parasternal long and short axis views.

 4. In dysplasia of the posterior (or mural) leaflet, tethering 
of the leaflet due to shortened chordae, prevents its nor-
mal coaptation with the anterior leaflet, which is thick-
ened itself and mitral regurgitation (MR) will result. So, 
evaluate the mobility of posterior leaflet in every case of 
congenital MR (Fig. 30.1a, b)

 5. The best view for evaluation of supravalvar stenosing 
mitral ring is parasternal long axis view. Differentiate 
supravalvar stenosing ring from cor triatriatum by evalu-
ating its relation to left atrial auricle (LAA). In supraval-
var stenosing ring, the ring sits below the LAA while in 
cases of cor triatratum the membrane is above the 
LAA. Remember that supravalvar stenosing ring is often 
associated with valve dysplasia (Fig. 30.2).

 6. Use color Doppler to evaluate different levels of stenosis 
(Fig. 30.3a, b).

 7. Muscularization of chorda leads to arcade mitral valve. 
When differentiation between leaflets and chorda, in 
cases of MR, are difficult, consider this rare anomaly 
which is also named as “hammock” valve (Fig. 30.4).

 8. Isolated MV cleft, should be evaluated in parasternal 
short axis view. This cleft divides the anterior mitral 
leaflet into two components and mitral resembles as a 
three-leaflet valve. Normal location of papillary muscles 
and pointing toward subaortic outflow track will help to 
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differentiate this cleft from clefts in atriventricular septal 
defects (AVSDs) (Fig.  30.5). The three-dimensional 
echocardiography (3D) is very helpful in differentiating 
partial from complete clefts.

 9. Double orifice MV (DOMV) may be associated with 
atriventricular septal defect (AVSD), atrial septal defect 
(ASD). Ebstein anomaly, tetralogy of Fallot (TOF), and 
coarctation of aorta (COA). Sometimes it’s an incidental 
finding. Two separate orifices of MV can be seen in 
short axis views (Fig. 30.6a, b).

 10. Parachute MV frequently is associated with multiple lev-
els of left heart obstructions (Shone Complex). In this 
anomaly all of the MV chorda attach to solitary large pap-
illary muscle so MV opening is restricted (Fig. 30.7a, b).

 11. Ebstein’s like anomaly of MV involves mural (or poste-
rior) leaflet and is not associated with thinning of atrial-
ized LV myocardium. Its outcome is very poor especially 
in association with coarctation of aorta or arch hypopla-
sia (Fig. 30.8).

 12. Remember that for diagnosis of Mitral valve prolapse 
(MVP) evaluation in four chamber view is not accurate 
because mitral valve annulus has two low and two high 
points (saddle shape) and four chamber view images the 
valve at its two low points, so it’s prone to over diagno-
sis. Also keep in mind to evaluate other valves, espe-
cially aortic valve precisely, because in children MVP is 
commonly associated with connective tissue disorders, 
like Marfan syndrome. Evaluate the bowing back of MV 
leaflets into LA in parasternal long axis view in systole. 
Mural leaflet is most commonly affected though both 
leaflets may be involved. Evaluate severity of regurgita-
tion by color Doppler (Fig. 30.9).

 13. MVP can be evaluated by 3D echo either from the left 
atrium or the left ventricle. In looking down en face view 
or surgical view prolaptic leaflets are bulged and convex, 
whereas in looking up view leaflets are spoon-like and 
concave (Fig. 30.10).

 14. Straddling MV is best evaluated in parasternal long and 
short axis views. Evaluate the chordal insertion of ante-
rior mitral leaflet (AML) into the crest of interventricu-
lar septum or to a papillary muscle in RV. This anomaly 
is more common in transposition of great arteries (TGA) 
and/or double outlet right ventricle (DORV) (Fig. 30.11).

 15. Chronic rheumatic heart disease may lead to secondary 
MS.  Leaflet thickening, fusion of commissures, leaf-
lets, and chordae, result in a funnel-shaped, and ste-

a b

Fig. 30.1 (a, b) Apical four chamber view showing dysplastic posterior MV leaflet (arrow heads in a) and severe MR due to malcoaptation (arrow 
heads in b), also pay attention to LA enlargement. LA left atrium, LV left ventricle

Fig. 30.2 Transesophageal echocardiography (TEE), four chamber 
view, arrowheads points to supravalvar stenosing MV ring. LA left 
atrium, LV left ventricle, RA right atrium
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notic orifice. Parasternal short axis view is the best 
view for  evaluation of commissural fusion and per-
forming MV planimetry. As the valve in severe MS 
have a small orifice its opening and closing resemble 
fish mouth (fish mouth sign).” Hockey stick appear-
ance”, doming and restricted motion of anterior leaflet 
during diastole, can be seen in parasternal long axis 
view. Transesophageal and 3D echocardiography are 
great tools for more precise assessment of MV 
(Figs. 30.12, 30.13, and 30.14)

 16. Remember these limitations in hemodynamic evaluation 
of congenital MV abnormalities:

 (a) In many MV abnormalities combinations of steno-
sis and regurgitation impacts on mean gradient eval-
uation also it is dependent on cardiac output.

 (b) Interpretation of pressure half-time (PHT) is diffi-
cult in children due to rapid heart rates and in cases 
of concomitant moderate to severe aortic insuffi-
ciency (AI), regurgitation jet may lead to premature 
closure of MV. But PHT is not dependent on cardiac 
output.

 (c) The main problem in using Doppler echocardiogra-
phy for calculating stroke volume and regurgitant 
volume in children is its reproducibility though they 
are widely used in adults.

a b

Fig. 30.3 (a, b) Transthoracic echocardiography (TTE) four chamber 
view showing dysplastic MV with supravalvar stenosing ring upper 
arrow heads point to supravalvar ring and lower arrow heads indicate 
subvalvar stenosis in figure (a), color Doppler echocardiography with 

magnification in the same patient confirms at least to level of stenosis, 
arrow heads in figure (b). LA left atrium, LV left ventricle, RA right 
atrium, RV right ventricle

Fig. 30.4 Arrow heads in this apical four chamber view point to mus-
cularized chorda in an infant suffering from arcade MV.  Severe MR 
leads to severe left atrial enlargement. LA left atrium, LV left ventricle

Fig. 30.5 Parasternal short axis view showing isolated anterior mitral 
leaflet (AML) cleft

30 Mitral Valve Diseases, Congenital and Acquired



100

a b

Fig. 30.6 (a, b) Short axis views in TTE (a) and TEE (b). Two separate orifices of DOMV are indicated in both (a, b)

a b

Fig. 30.7 (a, b) Parasternal short axis (a) and long axis view (b) of a patient with parachute MV. Restricted mitral opening in diastole (asterisk in 
figure a) and abnormal funnel shaped chordal attachments (arrowheads in figure b) are seen. LA left atrium, LV left ventricle, AO aorta

Fig. 30.8 Parasteranl long axis view of a patient with Epstein’s like 
anomaly of MV, arrow points to mural leaflet displacement. LA left 
atrium, LV left ventricle, AO aorta

Fig. 30.9 Parasternal long axis view of a child with Marfan syndrome, 
arrow heads point to bowing back of MV leaflets into LA. Aortic root is 
dilated as well. LA left atrium, LV left ventricle, AO aorta
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 (d) Proximal isovelocity surface area (PISA) method is 
useful for evaluation of effective regurgitant orifice 
area (EROA). There are some limitations including 
the shape of the PISA shell which is not completely 
a hemisphere, presence of multiple jets, and the fact 
that always it is not possible to determine the exact 
location of regurgitant orifice

 17. Use Doppler evaluation of tricuspid regurgitation (TR) 
and pulmonary regurgitation velocities to estimate RV 
and pulmonary artery (PA) pressure.

 18. LA and LV sizes, especially end systolic LV dimension 
are helpful to determine the optimal time for surgery. 
But don’t forget that concomitant left to right shunts like 
VSD and PDA would affect not only the size of the 
chambers but also the dynamic of the flow through MV.

 19. Evaluation of pulmonary veins flow by PW Doppler 
would be helpful for estimation of MR.  Significant 
regurgitation will result in systolic flow reversal in more 
than one pulmonary vein. But remember that in cases of 
diastolic LV dysfunction and increased LA pressure, 
systolic forward flow is blunted irrelative to severity of 
MR.

 20. Use Doppler profile of MV inflow and outflow for evalu-
ation of MR severity. In CW Doppler of MR, if the pro-
file is dense, MR is severe and in PW Doppler evaluation 
of MV inflow, a dominant E wave is in favor of severe 
MR. Concomitant diastolic dysfunction and MS are the 
limitation for these findings.

Fig. 30.10 Transesophageal 3D echocardiography, looking down 
view, systolic frame of a patient with multi scallops MVP, especially A2 
and P2 scallops

Fig. 30.11 Parasternal long axis view of a patient with DORV, 
PS.  Arrowheads points to type 1 straddling of anterior mitral leaflet 
(AML). LA left atrium, LV left ventricle, RV right ventricle, AO aorta, 
PA pulmonary artery

Fig. 30.12 TEE long axis view of the same patient as Fig. 30.12 show-
ing severe LA enlargement, Hokey stick appearance of anterior mitral 
leaflet is indicated by arrow heads. This view is used for measuring 
anteroposterior diameter of MV annulus. LA left atrium, LV left ventri-
cle, AO aorta

Fig. 30.13 TEE four chamber view showing severe LA enlargement. 
MV leaflets are thickened with restricted motion. This view is used to 
measure the mediolateral diameter of MV annulus. LA left atrium, LV 
left ventricle, RV right ventricle, LA left atrium
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 21. Mitral regurgitation (MR) in fetal life may occur in 
association of other anomalies such as aortic stenosis 
(AS), left ventricular dysfunction, systemic arteriove-
nous malformation, hypoplastic left heart syndrome 
(HLHS), and arrhythmia. So, careful evaluation is nec-
essary. Sometimes dysplastic MV is an isolated finding. 
Increased cardiothoracic ratio, and LA enlargement are 
two-dimensional findings. The patency and size of the 
foramen ovale (FO) should be evaluated. Use Color 
Doppler interrogation to evaluate the patency of FO, 
direction of flow across it, and severity of mitral valve 
regurgitation. PW Doppler evaluation of pulmonary 
veins will show blunting of peak systolic velocity atrial 
flow reversal (Fig. 30.15a, b)

Fig. 30.14 Three-dimensional TEE of the same patient as Figs. 30.12 
and 30.13. Planimetery of MV shows area 0.68  cm2. Commissural 
fusion can easily be seen in this en face view of MV. AO aorta, LAA left 
atrial auricle, AML anterior mitral leaflet, PML posterior mitral leaflet

a b

Fig. 30.15 (a, b) Fetal echo of a patient suffering from severe MR. Note the severe LA enlargement, bowing of the atrial septum into the right 
atrium, and increased cardiothoracic ratio in figure (a). MR jet is indicated (arrow heads) in figure (b)
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Abstract

Echocardiographic evaluation of patients with CCTGA 
(also called LTGA) requires precise segmental approach. 
In 90% of patients, CCTGA is associated with other con-
genital heart defects, VSD, LV outflow tract obstruction, 
and apical displacement of the septal and inferior leaflets 
of tricuspid valve (Ebstein anomaly), as well as conduc-
tion system dysfunction. Prognosis is determined not only 
by associated anomalies, but also by systemic pressure 
effect on RV function. In the absence of other anomalies, 
diagnosis may be delayed. Systemic ventricular failure, 
and arrhythmias may be the presenting symptoms in iso-
lated CCTGA.

 Congenitally Corrected Transposition 
of the Great Arteries (CCTGA)

 1. Remember that subcostal coronal view and apical four 
chamber view provide the most diagnostic findings. 
Define Morphologic right atrium (RA), left atrium 
(LA),right ventricle (RV) and left ventricle (LV) based 
on their echocardiographic features and evaluate discor-
dant connection of atria and ventricles, atrioventricular 
(AV) discordance: RA to morphologic LV and LA to 
morphologic RV (Fig. 31.1).

 2. Demonstrate discordant connection of ventricles and 
great arteries, ventriculoarterial (VA) discordance: 

LV to pulmonary artery (PA) and RV to aorta (AO) 
(Figs. 31.2 and 31.3).
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Fig. 31.1 Transthoracic apical four chamber view showing AV discor-
dance. RA right atrium, LA left atrium, RV right ventricle, LV left 
ventricle

Fig. 31.2 Subcostal coronal view showing PA arising from morpho-
logic LV. Asterisk indicates tricuspid valve in systole. RA right atrium, 
LV left ventricle, PA pulmonary artery, RV right ventricle
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 3. In some cases with superior-inferior arrangement of ven-
tricles imaging both atrioventricular valves in a same plane 
are not possible and tilting the transducer is necessary.

 4. Identify parallel orientation of great arteries in different 
views including subcostal and parasternal views also 
evaluate the left and anterior location of aortic valve 
(Fig. 31.4a, b).

 5. Appreciate for common associated anomalies including 
ventricular septal defect (VSD), left ventricular out flow 
tract obstruction (LVOTO), pulmonary stenosis (PS), 
Ebstein malformation of tricuspid valve, or any other 
lesion. Also use color flow Doppler to evaluate any atrio-
ventricular valve stenosis or regurgitation (Fig. 31.5a, b).

 6. Standard parasternal long axis view in these patients is 
confusing because interventricular septum is vertical, 
ventricles are almost side by side, and great arteries are 

Fig. 31.3 Transesophageal echocardiography (TEE), deep trans gas-
tric view showing origination of aorta from morphologic right ventricle. 
LV left ventricle, RV right ventricle, AO aorta

a b

Fig. 31.4 (a, b) Parallel orientation of great arteries is shown in TTE, 
subcostal coronal view (a). Anteriorly located aorta and parallel 
arrangement of great arteries is shown in this transesophageal echocar-

diography of a patient with CCTGA at in flow-outflow view (b). LV left 
ventricle, RA right atrium, AO aorta, PA pulmonary artery

a b

Fig. 31.5 (a, b) Apical four chamber view of a patient with CCTGA 
and Ebstein malformation of tricuspid valve (TV) (left AV valve). 
Arrow heads in figure (a) indicate the displacement of septal leaflet of 

TV. Color Doppler interrogation of the same patient shows severe tri-
cuspid regurgitation (TR) in figure (b). Arrow heads point to the origin 
of TR jet (b). LV left ventricle, RA right atrium
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parallel in CCTGA. So, more manipulation of the trans-
ducer is necessary

 7. Because the course of ascending aorta in CCTGA is 
straight and leftward, aortic arch in these patients is bet-
ter evaluated in high parasternal position, so called duc-
tal view, than standard suprasternal view (Fig. 31.6).

 8. Evaluate the coronary arteries in parasternal short axis 
view. Coronary arteries distribution in CCTGA is concor-
dant with ventricular anatomy, the so called “coronary 
artery–ventricular concordance” which is the mirror-
image of normal coronary distribution. The most common 
coronary anomaly in CCTGA is single coronary arteries.

 9. During fetal life this anomaly should be ruled out in 
cases who are referred for evaluation of fetal bradycar-
dia, because CCTGA may lead to complete heart block 
(CHB) even in fetus (Fig. 31.7)

 10. Congenitally corrected transposition of the great arteries 
may be seen in with situs inversus, dextrocardia and/or 
mesocardia (Fig. 31.8).

 11. Very important in these patients is the evaluation of RV 
function as systemic ventricle. Serial evaluation RV 
function using fractional area change, tricuspid annular 
excursion (TAPSE), tissue Doppler and strain imaging 
are useful.
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Fig. 31.6 Left high parasternal view showing left sided aortic arch, left 
anterior aorta in this case of CCTGA. PA pulmonary artery, DAO 
descending aorta

Fig. 31.7 Fetal echocardiogram using M mode to evaluate atrial and 
ventricular wall motion in a fetus with complete heart block (CHB). 
The mechanical A to A interval corresponding to electrical PP interval, 
is 405 milliseconds (ms) so atrial rate is 148 beat per minute (bpm), and 
V to V interval corresponding electrical RR interval is 1103 ms, predict-
ing ventricular rate 54  bpm, and there is no electrical association 
between atria and ventricles

Fig. 31.8 Apical four chamber view in a patient with situs inversus, 
AV and VA discordance. RA right atrium, LA left atrium, RV right ven-
tricle, LV left ventricle
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Abstract

Echocardiography acts as the main diagnostic tool in 
transposition of great arteries. Echocardiography pro-
vides not only all the necessary anatomic and physiologic 
information, but also contributes for both medical and 
surgical managements. As in this anomaly the systemic 
and pulmonary circulations are parallel survival of the 
neonate is provided by some mixture of blood via patent 
foramen ovale, ASD, PDA, and/or VSD. Some neonates 
require emergency balloon atrial septostomy if mixing of 
systemic and pulmonary blood (deoxygenated and oxy-
genated blood) is not sufficient.

 Transposition of Great Arteries  
(Simple TGA/dTGA)

 1. Remmember that simple transposition (or dTGA) is the 
concordant atrioventricular (AV) connections, discor-
dant ventriculoarterial (VA) connections and encom-
passes the transposition of great arteries with intact 
ventricular septum (dTGA/IVS), transposition of the 
great arteries with ventricular septal defect (dTGA/
VSD), and transposition of the great arteries with ven-
tricular septal defect and left ventricular outflow tract 
obstruction (dTGA/VSD, LVOTO).

 2. Appreciate the atrioventricular concordance in subcostal 
and four chamber views.

 3. The hallmark for diagnosis of d-TGA is ventriculoarte-
rial discordance. So evaluate the posterior semilunar 
valve arising from left ventricle (LV) which give rises a 
great artery that bifurcates; pulmonary artery, and the 
more anterior great artery arises from RV, which does 
not bifurcate, aorta. Subcostal four chamber and sagittal 

views, and parasternal long axis view are useful win-
dows in this regard (Fig. 32.1).

 4. Right anterior location of aortic valve can be shown in 
parasternal short axis view. In normal heart orientation 
of great arteries provides the so-called circle-sausage 
appearance in parasternal short axis view; the circle is 
the aorta, which is seen in cross section, while the sau-
sage stands for the longitudinal view of the pulmonary 
artery. In transposition due to parallel alignment of aorta 
and pulmonary artery both are seen in cross section and 
create the double circle or circle by circle appearance. 
Remember to check for bifurcation of pulmonary artery 
in this view as well (Fig. 32.2).

 5. Mention the presence and location of associated defects 
including PFO and/or ASD, VSD (or VSDs), and 
PDA. In cases of dTGA/IVS presence of ASD and PDA 
play a crucial role. Determine the size of the interatrial 
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Fig. 32.1 Parasternal long axis view of a case of TGA/IVS, VA discor-
dance and parallel alignment of great arteries is shown by some upward 
angulation of transducer. LV left ventricle, RV right ventricle, AO aorta, 
PA pulmonary artery, LA left atrium
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septal defect in subcostal views and evaluate the direc-
tion of shunt using color Doppler and PW Doppler. 
Determine if the ASD is restrictive, urgent balloon atrial 
septostomy may be necessary.

 6. It is possible that orifice of the juxtaposed RAA be mis-
taken for large ASD, so don’t forget to use color Doppler 
and spectral Doppler to evaluate the ASD.

 7. Detecting PDA and evaluation of its whole length usu-
ally is easy in suprasternal long axis view in these 
patients because the great arteries have parallel align-
ment (Fig.  32.3). Also inspect the aortic arch for any 
hypoplasia or coarctation of aorta (COA).

 8. All types of ventricular septal defects can be found in 
these patients. Perimembranous ventricular septal defect 
also referred as conoventricular in the setting of transpo-
sition of the great arteries, is the most common type. 

Sometimes the infundibular septum is malaligned and 
displaced posteriorly leading to variable degrees of LV 
out flow obstruction (LVOTO) (Fig. 32.4). Anterior dis-
placement of infundibular septum may lead to overrid-
ing of pulmonary valve over RV.  Severe anterior 
displacement of outlet septum results in double outlet 
right ventricle (DORV) with subpulmonary VSD or the 
so called Taussig-bing anomaly. Less common VSD s in 
TGA are muscular defect, which maybe inlet, apical, 
mid-muscular, and doubly committed subarterial VSD.

 9. Evaluate both atrioventricular valves size and function 
in four chamber view. Inlet type VSDs may be associ-
ated with straddling of the TV.  Sometimes TV tissue 
protrudes through VSD and causes some degrees of sub 
pulmonary stenosis.

 10. It is important to measure the aortic and pulmonary 
valve annulus in parasternal long axis view in systole. 
Any structural and functional anomaly of semilunar 
valves should be checked by adding Doppler 
modalities.

 11. Coronary anomalies are common in TGA. Evaluate the 
originating of coronary arteries from right and anteriorly 
located great artery (aorta) in parasternal short-axis 
view. You may use some supplementary views including 
parasternal long axis, apical four chamber and subcostal 
views to follow coronary arteries course.

 12. Evaluate the suitability of LV for arterial switch opera-
tion (ASO) by estimating the LV mass, and identifying 
the LV out flow tract obstruction. Asses the shape of 
interventricular septum, and presence of other anoma-
lies. If LV muscle mass is less than 35 g/m2, LV retrain-
ing by pulmonary artery banding will help the LV 
remodeling. Also, if the interventricular septum convex-

Fig. 32.3 Suprasternal long axis view of a patient with TGA.  PDA 
(arrow heads) is easier to visualize in these patients. AO aorta, PA pul-
monary artery

Fig. 32.4 TEE, mid esophageal long axis view showing large VSD 
with posterior malalignment of infundibular septum leading to some 
degree of LVOTO (asterisk). The pulmonary valve is also bicuspid and 
stenotic with dome shape opening in this systolic frame. LV left ventri-
cle, RV right ventricle, AO aorta, PA pulmonary artery, VSD ventricular 
septal defect

Fig. 32.2 Parasteranl short axis view showing cross section of both 
aorta and pulmonary artery (asterisk). (Double circle or circle by circle 
appearance). AO aorta, PA pulmonary artery
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ity is towards the LV on short axis views of ventricles, 
and LV has a banana-shape configuration on long axis 
views LV preparation might be considered.

 13. Echocardiogram of fetuses with TGA/IVS resembles 
normal in four chamber view. Five chamber view will 
show arising of PA from LV. The aorta arises from RV, 
parallel and anterior to pulmonary artery (PA) (Figs. 32.5 
and 32.6).

 14. On the three-vessel tracheal view of these fetuses only 
two vessels are seen, aorta and superior vena cava. 
Pulmonary artery is posterior and inferior to the aorta, so 
cannot be seen in this view (Figs. 32.7 and 32.8).
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Fig. 32.5 Fetal echocardiography parasagittal view showing anterior 
aorta and dilated pulmonary artery. AO aorta, PA pulmonary artery

Fig. 32.6 Long axis fetal echocardiography showing posteriorly 
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Fig. 32.7 Fetal echocardiogram, three vessel tracheal view of a normal 
fetus. Asterisk indicate superior vena cava (SVC) and arrow heads point 
to trachea. AO aorta, PA pulmonary artery

Fig. 32.8 Fetal echocardiogram, three vessel tracheal view of a fetus 
with TGA, only two vessels, aorta and superior vena cava are seen. 
Trachea is indicated by asterisk. Compare this figure with Fig. 32.7. AO 
aorta, SVC superior vena cava
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Aortic Stenosis (AS)

Azin Alizadehasl and Maryam Moradian

Abstract

The degree of obstruction in aortic stenosis ranges from 
mild to severe. Bicuspid aortic valve (BAV), one of the 
most common congenital heart diseases may be asymp-
tomatic during childhood. BAV is identified in about 1.5% 
of adults. The most common level of obstruction is valvar 
followed by sub valvar and supravalvar stenosis. Valvar 
aortic stenosis during fetal life may progress to hypoplas-
tic left heart syndrome (HLHS). Subvalvar AS may be 
associated with mitral stenosis and coarctation of the 
aorta (Shone complex). Supravalvar AS, the least-com-
mon type, may be associated with Williams syndrome.

 Aortic Stenosis (AS)

 1. Use multiple echocardiography views to get crucial 
information about all type of congenital aortic valve 
anomalies including right parasternal view.

 2. In cases of AS determine where the obstruction is 
located: below, above, or at the level of the aortic valve 
(the most common type of AS). Use color flow mapping 
(CFM), pulsed Doppler (PW), and continues Doppler 
(CW) to find the location and the degree of stenosis. The 
angle of Doppler interrogation is very important, try to 
interrogate the flow as parallel as possible and use dif-
ferent views.

 3. The two most useful views for aortic valve evaluation 
are the parasternal long axis (for measurement of the 
aortic valve annulus, aortic root dimensions, and evalu-

ating mobility of the cups), and the parasternal short axis 
(for assessment of aortic valve morphology)

 4. In parasternal short axis view assess the most common 
congenital abnormality of the aortic valve, bicuspid aor-
tic valve (BAV), in systolic frame, and see if it is due to 
fusion or underdevelopment of commissure between the 
right and left coronary cusps, which is the most common 
type of BAV (Fig. 33.1).

 5. Evaluate the doming of cusps in cases of valvar aortic 
stenosis, which may be due to dysplastic tricuspid, 
bicuspid, or even unicuspid aortic valve. Doming, can be 
assessed in the parasternal long axis view. In the same 
view measure the size of annulus. Remember that annu-
lar hypoplasia may be the cause of AS rather than fusion 
of cusps though it is rare (Fig. 33.2).

 6. In cases of BAV, don’t forget to check for possible aortic 
root dilation, and coarctation which are commonly asso-
ciate with BAV.
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Fig. 33.1 Transesophageal (TEE) aortic valve short axis view showing 
BAV (asterisk) in systolic frame. Right and left aortic cusps are fused. 
RA right atrium, LA left atrium, RV right ventricle
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 7. An eccentrically located, oval or circular shape opening 
in systole may be caused by unicuspid aortic valve.

 8. Determine if sub valvar AS is either due to a very thin 
circumferential fibrous membrane just close to aortic 
valve (Fig. 33.3) or a fibro muscular ridge. Remember 
that these may not be present at birth. Also in parasternal 
long axis evaluate tunnel-like narrowing of the left ven-
tricular outflow, which is a rare condition and often are 
diagnosed after cardiac surgery especially for complex 
lesion.

 9. Use color flow mapping (CFM) to evaluate any aortic 
valve regurgitation especially in subvalvar AS because 
high velocity jet may lead to aortic valve damage caus-
ing aortic insufficiency.

 10. Besides evaluating the aortic valve, always check for 
multiple levels of left heart obstruction, including mitral 
valve and aortic arch, not missing Shone complex.

 11. In parasternal log axis view also evaluate for anomalous 
insertion of MV chorda tendinea which can cause some 
degrees of Left ventricular out flow tract obstruction 
(LVOTO)

 12. Asymmetric septal hypertrophy may contribute to sub-
valvar AS in hypertrophic cardiomyopathy (HCM), 
which should be evaluated in apical five chamber view. 
To determine the exact site of dynamic flow disturbance 
use CFM and PW Doppler modalities.

 13. The most common type of supravalvar aortic stenosis is 
discrete obstruction above the sinus of Valsalva. 
Supravalvar AS may be a manifestation of a systemic 
arteriopathy. Evaluate for common association’s such as 
peripheral branch pulmonary artery stenosis, and coro-
nary narrowing (Fig. 33.4a, b).

 14. Evaluate the degree of LV hypertrophy in parasternal 
short axis view

Fig. 33.2 TEE long axis view showing doming of aortic cusps during 
systole (arrow heads). LA left atrium, LV left ventricle, AO aorta

Fig. 33.3 TEE long axis view showing sub aortic membrane (arrow 
heads). LA left atrium, LV left ventricle, AO aorta

a b

Fig. 33.4 (a, b) Transthoracic echo (TTE) suprasternal long axis view showing supravalvar AS, narrowing of sinotubular junction and aortic arch 
in figure (a). Turbulent flow is shown using CFM in figure (b). Arrowheads and yellow arrow point to sites of most stenosis
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 15. After anatomic evaluation of AS by 2D echocardiogra-
phy and evaluation of flow turbulence by CFM use 
Doppler interrogation to assess the severity of the lesion. 
Based on ACC/AHA resent guideline (2014) peak veloc-
ity across the aortic valve of ≥4.0 m/s or a mean gradient 
across the valve of ≥40 mmHg is considered severe ste-
nosis, peak velocity between 3.0 and 3.9 m/s or a mean 
gradient between 20 and 39 mmHg is defined as moderate 
stenosis, and a peak velocity of 2.0–2.9 m/s and a mean 
gradient ≤20 mmHg is consistent with mild stenosis

 16. You have to calculate aortic valve area in cases of low 
cardiac output in whom the pressure gradient would be 
artificially low. Continuity equation is useful in these 
patients. (AV area = LVOT area × LVOT vti/AV vti).

Normal aortic valve area in children is 2 cm2/m2 of 
BSA (or 1.33 cm2/m2 in some references) and valve area 
≤0.6 cm2/m2 (or <0.5 cm2/m2 in some references) is con-
sistent with severe stenosis, and area >0.75  cm2/m2 is 
mild stenosis.

 17. Don’t forget that mild aortic stenosis during fetal period 
may be detected just after using CFM and detecting tur-
bulent flow in aortic valve region because four chamber 
view is often normal and the only 2D findings are thick-
ened aortic valve cusps and mild dilation of ascending 
aorta in five chamber view. In critical AS, LV is more 
rounded (Fig. 33.5), its contractility is reduced, and you 
may find endocardial fibroelastosis (EFE) and mitral 
regurgitation (Fig. 33.6).
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Aortic Arch Anomalies

Feridoun Noohi, Majid Maleki, Azin Alizadehasl, 
and Maryam Moradian

Abstract

Suprasternal echocardiographic views are used to deter-
mine aortic arch sidedness and branching pattern. 
Sometimes they are associated with congenital cardiac 
defects. These anomalies may be found incidentally on 
imaging studies or discovered when evaluation for sys-
temic hypertension, airway or esophageal compression 
are being carried out.

 Aortic Arch Anomalies

 1. First of all, determine the sidedness of aortic arch in 
suprasternal views. In standard suprasternal long axis 
view, the ascending, transverse, and descending parts of 
the left sided arch, would be imaged easily while in 
right sided arch, the descending part of the aorta is not 
visible and you should angulate the transducer slightly 
to the right to be able to see the descending aorta 
(Fig. 34.1a, b).

 2. In suprasternal short axis view try to find the cartilagi-
nous rings of trachea, in left arch the cross section of 
transverse aorta is to the left of the trachea but in right 
arch it would be seen in right of trachea. Also follow the 
first brachiocephalic artery in suprasternal short axis 

view, in cases of right arch this vessel courses leftward 
while in cases of left arch, courses to the right.

 3. Evaluate the branching pattern of arch. In normal left 
sided aortic arch, the first branch; right innominate 
artery, branches into the right common carotid and right 
subclavian arteries itself, the second branch, the left 
carotid artery, proceeds superiorly and the third one, the 
left subclavian artery proceeds leftward. The ductus 
arteriosus joins the aorta distal to the takeoff of the left 
subclavian artery.

 4. Evaluate the normal variants of left aortic arch:
 (a) Single origin of the right innominate and left carotid 

artery
 (b) Separate origin of the left vertebral artery from the 

aortic arch rather than from the subclavian artery. 
Remember that this normal variant should not be 
confused with anomalous right subclavian artery.

 5. Try to rule out the presence of vascular ring by demon-
stration of aortic side, the bifurcation of innominate 
artery into the carotid and subclavian arteries, and duc-
tus arteriosus and also carefully evaluate pulmonary 
arteries in different echo windows especially supraster-
nal notch views. In following situations vascular ring 
should be considered:
 (a) Right sided ductus arteriosus in case of left aortic 

arch with aberrant right subclavian artery
 (b) Origination of ductus arteriosus from left descend-

ing aorta In cases of right aortic arch and aberrant 
left subclavian artery

 (c) Ductus arteriosus from descending aorta to LPA in 
case of right aortic arch with retroesophageal course 
of left subclavian artery

 (d) Double aortic arch, each arch give rises its respec-
tive branches and right arch is commonly larger and 
superiorly located while the left arch is more com-
monly hypoplastic or even atretic. The branching 
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pattern of brachiocephalic arteries in cases of atretic 
left arch, would be similar to mirror image right aor-
tic arch (Fig. 34.2)

 (e) Pulmonary artery sling, origination of LPA from 
RPA

 6. Use color flow mapping (CFM) to evaluate the course of 
each artery. But remember when ligamentum arteriusum 
instead of ductus arterosus takes part in forming vascu-
lar ring, CFM can’t show it, so obviously, other imaging 
modalities like Chest X-ray (CXR), barium swallow, 
MRI, or CTscan are necessary.

 7. In suprasternal long axis view evaluate any narrowing of 
isthmus and around the origin of the left subclavian 
artery. A posterior shelf, protruding toward the ductus 
arteriosus is characteristic of discrete coarctation 
(COA) which is more common, but there may be a long 
segment narrowing. Evaluate post stenotic dilation and 

transvers arch hypoplasia as well. Use CFM and dem-
onstrate flow turbulence at COA region (Fig. 34.3a, b).

 8. Use CW Doppler examination and evaluate the high 
velocity jet which extends from systole to diastole in 
severe COA (Fig. 34.4).

 9. Evaluate other finding in favor of COA; ventricular 
hypertrophy and or dysfunction, and reduced systolic 
pulsation of descending aorta.

 10. In PW examination of abdominal aorta in subcostal 
view, evaluate the reduced velocity and diastolic con-
tinuation of flow signals. Also delay in time to peak 
velocity, decreased mean acceleration rate, and absence 
of early diastolic flow reversal could be evaluated.

 11. Don’t forget to find associated anomalies, most common 
are: PDA, BAV, VSD, and MV anomalies.

 12. Assess for extreme form of COA, interrupted aortic arch 
(IAA) and its type:
 (a)  Type A, the interruption between the left subclavian 

artery and descending aorta at the level of the isth-
mus (Fig. 34.5a, b).

 (b) Type B, the interruption between the left common 
carotid artery and the left subclavian artery (the 
most common)

 (c) Type C, interruption between the innominate artery 
and left carotid artery. (The least common)

 13. Evaluate the discontinuity between the ascending and 
descending parts of the aortic arch in suprasternal views. 
You should be careful not to mistake the ductus arterio-
sus connecting the main pulmonary artery (MPA) to the 
descending aorta with true aortic arch.

 14. Pay attention to find any associated lesion, like aortopul-
monary window defect (AP window), conotruncal 
anomalies, and posterior malaligned VSD with LV out-
flow tract obstruction (LVOTO).

a b

Fig. 34.1 (a, b) Transthoracic suprasternal views. By visualization of tracheal cartilage (arrow heads in figure a), and tilting the probe toward 
patients left, the entire arch appears in cases of left aortic arch (b). AO aorta

Fig. 34.2 Suprasternal short axis view showing double aortic arch, 
both patent (R & L), and dominant right arch (R)
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 15. Demonstrate the so called “Y” sign in type B, the straight 
course of ascending aorta toward the neck giving rise the 
innominate and left common carotid. Also, in type B, the 
carotid artery takes a smooth superior course rather than 
posterior course which is seen in normal arches

 16. Marked discrepancy between ventricles, and between 
great arteries should be noted.

 17. Evaluate persistent fifth aortic arch in the, parasagittal 
suprasternal notch view. You may find two parallel ves-
sels, the true arch, and the persistent fifth arch. In this 

anomaly in spite of double aortic arch both arches are on 
the same side of the trachea (Fig. 34.6).

 18. Determine the cervical arch in suprasternal long-axis 
view; this arch extends farther onto the neck than a nor-
mal arch.

 19. For prenatal detection of COA, don’t forget that the par-
allel circulation and patency of ductus arteriosus during 
fetal life, make its diagnosis very difficult especially 
when it is discrete form and is not severe. Try to visual-
ize any narrowing of aortic arch in sagittal view 
(Fig.  34.7) and pay attention to find indirect signs of 
possible COA in different views including; discrepancy 
in right ventricular size, BAV with thickened cusps, 
LVOT narrowing, VSD with posterior malalignment of 
conal septum, discrepancy in great artery sizes; larger 
PA, abnormal left axis deviation, and more distal origi-
nation of left subclavian artry from arch. Diagnosis of 
IAA in fetus is easier. In Sagittal view the interrupted 
arch you won’t see the smooth curvature connecting 
ascending to descending aorta instead the ascending 
aorta has a straight course to its branches.

 20. Use three vessel tracheal view to compare aortic and 
ductal arch sizes, also in cases of normal left sided 
aorta, both the aorta and pulmonary artery are in the left 
side of trachea making the so called “V” sign (Fig. 34.8a, 
b) while in right sided aortic arches “V” sing may be 
seen in right side of trachea or a “U” sign may be 
formed based on different types of right aortic arch 
(Fig. 34.9a, b)

a b

Fig. 34.3 (a, b) Suprasternal long axis view of a child with COA (arrow heads). Asterisk indicate post stenotic dilation. CFM in figure (b) shows 
turbulent flow in region of stenosis. Asc ascending aorta, des descending aorta

Fig. 34.4 CW Doppler recording across the coarctation showing dia-
stolic extension of flow signals, so called saw tooth appearance, in a 
patient with severe COA
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a b

Fig. 34.5 (a, b) Suprasternal long axis showing IAA type A by two dimensional (figure a) and by adding color Doppler (figure b). (*brachioce-
phalic artery, **left common carotid, ***left subclavian artery) this infant also had AP window defect, not shown here

Fig. 34.6 Suprasternal long axis view of a patient suffering from per-
sistent fifth arch and COA. It is a double-lumen aortic arch, both are 
patent. The superior arch (arch) giving rise to the head and neck vessels, 
and the inferior arch (fifth arch) extending from the ascending to the 
descending aorta. Arrow heads points to COA. asc ao ascending aorta, 
des ao desending aorta, fifth persistent fifth arch

Fig. 34.7 Fetal echocardiography sagittal view of aortic arch. Arrow 
points to isthmus narrowing. Brachiocephalic arteries are indicated by 
asterisk. D ao descending aorta
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a b

Fig. 34.9 (a, b) Fetal echocardiography at tracheal level (2D and with CFM) showing the “U” sign indicating right aortic arch. R Ao right aortic 
arch, PA pulmonary artery

a b

Fig. 34.8 (a, b) Fetal echocardiography showing normal three vessel view (2D and with CFM) both the aorta and pulmonary artery are in the left 
side of trachea making the so called “V” sign. Asterisk indicate the descending aorta. PA pulmonary artery, AO aorta
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Hypoplastic Left Heart Syndrome 
(HLHS)

Maryam Moradian

Abstract

Ductal dependency of the systemic circulation in 
Hypoplastic left heart syndrome (HLHS) leads to rapid 
deterioration of the affected neonate’s hemodynamic con-
dition soon after birth. HLHS can be diagnosed on fetal 
echocardiography and help to plan for delivery in an 
equipped hospital. Echocardiography in perinatal period 
can give a lot of anatomic and physiologic information 
and help the clinician to make the best therapeutic 
decision.

 Hypoplastic Left Heart Syndrome (HLHS)

 1. For complete anatomic diagnosis, use all echocardio-
graphic standard windows to approach HLHS patients.

 2. Remember that in HLHS, as its name implies, there is 
marked underdevelopment of the left-sided heart struc-
tures, including mitral valve, LV, aortic valve, and aortic 
arch. In the most extreme forms of HLHS, LV is poorly 
developed, small, muscle bound, with slit like cavity.

 3. In apical four chamber view compare the size of left and 
right chambers as well as left and right atrioventricular 
valves. There may be severe hypoplasia or even atresia 
of both mitral and aortic valves (Fig. 35.1).

 4. You may use this classification to describe the spectrum 
of your echocardiographic findings
 (a) Aortic atresia with mitral atresia (most extreme 

form of HLHS).
 (b) Aortic atresia with patent mitral valve.
 (c) Aortic valve stenosis with patent mitral valve.

 5. Try to define MV morphology, leaflets’ thickness, annu-
lus size, and check for direct attachment of leaflets and 

papillary muscles without chorda in between. Use color 
flow mapping (CFM) to evaluate any flow via mitral 
valve.

 6. Define if there is echo bright region on endocardial sur-
face of LV, endocardial fibroelastosis (EFE). In apical 
and long axis views evaluate endocardial echodensity, 
presence of EFE confirm subendocardial ischemia due 
to elevated LV end diastolic pressure and LV out flow 
tract obstruction (LVOTO).

 7. Assess RV size and function. RV could be severely 
enlarged, folding around the hypoplastic left ventricle, 
and occupying the apex of the heart. Evaluate tricuspid 
regurgitation, and its pressure gradient. In cases of large 
LV mass, RV inflow maybe distorted, resulting in some 
degrees of TV dysplasia or there maybe TV annular 
dilation due to RV volume overload.

 8. In parasternal long axis view, like apical four chamber 
view, you can immediately identify the small size LV 
and EFE. Small size MV and aortic valve can also be 
identified in this view. Aortic valve may be severely dys-
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Fig. 35.1 Transthoracic apical four chamber view in diastole showing 
diminutive MV (arrow heads), small LV cavity, and LV hypertrophy. LV 
left ventricle, RV right ventricle, LA left atrium, RA right atrium
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plastic with thickened leaflets or even it can be atretic. 
For neonates it is advised to do some measurements in 
this view to clarify if the diagnosis is HLHS rather than 
critical AS. In HLHS, LV end diastolic cross-sectional 
area is less than 1.5 cm2 were as in critical AS it is equal 
or more than 1.7 cm2. In neonates with HLHS LV end- 
diastolic inflow dimension (measured from the hinge 
point of the posterior mitral leaflet to the apex) is 
expected to be equal or less than 25  mm, and mitral 
annulus diameter would be equal or less than 6  mm 
(Fig. 35.2).

 9. Measure the ascending aorta diameter in parasternal 
long axis view (PLAX). If it is less than 5 mm, consider 
hypo plastic ascending aorta.

 10. Evaluate interventricular septum for defect, though in 
most cases there is ventricular defect, especially when 
aortic valve is atretic.

 11. By using color Doppler interrogation of the ventricular 
septum you may find tortuous epicardial coronaries, 
coronary cameral fistulas, with Bidirectional flow. The 
prognostic importance of these fistulas in HLHS is not 
clear yet.

 12. In short axis view you should assess LV size and func-
tion as well as MV anatomy, and its papillary muscles. 
Aortic valve, pulmonary valve, main pulmonary artery, 
and its branches should be checked for size and function 
in this view. Evaluate the origin and position of coronary 
arteries in this view (Fig. 35.3).

 13. By scanning more superiorly (high parasternal short axis 
view), you may find an inferior arch but without any bra-
chiocephalic branching, in fact it is ductal arch, consist-
ing of the larger main pulmonary artery (MPA), patent 
ductus arteriosus, and descending aorta. In these cases, 
ductus arteriosus plays the role of a conduit, providing 
blood from RV to descending aorta known as ductal- 
dependent systemic circulation (Fig. 35.4).

 14. Evaluate interatrial septum for any defect especially in 
subcostal views, these defects are often very small or 
may be absent. LA may be large if there is no ASD or the 
defect is very small

 15. Define the ascending aorta and aortic arch in supraster-
nal long axis view. Ascending aorta may be severely 
small, like an extension of coronary arteries, and servers 
for retrograde filling of them (Fig. 35.5).

 16. Use CFM to evaluate any retrograde filling of aortic 
arch, its branches, and coronary arteries from ductus 
arteriosus. Beyond the left subclavian artery aortic arch 
widens and a shelf like lesion (coarctation) is usually 

Fig. 35.2 Parasternal long axis view showing slit like LV cavity, small 
aortic annulus. Aortic cusps are thickened (arrow heads). EFE is 
depicted by asterisks. LV left ventricle, RV right ventricle, LA left 
atrium, RA right atrium

a b

Fig. 35.3 (a) Parasternal short axis view at mid ventricular level show-
ing small LV cavity and severely enlarged and hypertrophied RV. (b) 
Parasternal short axis view at base of the heart showing very small aorta 

(arrow) Compare the size of PA with aorta. RV right ventricle, Ao aorta, 
PA pulmonary artery
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present though its assessment would be difficult because 
of dilated ductus arteriosus (Fig. 35.6).

 17. By reducing the scale of CFM check for venous flow 
away from heart toward the transducer to rule out any 
abnormal pulmonary venous drainage or the presence of 
levoatriocardinal vein.

 18. Fetal echocardiography will show abnormal four cham-
ber view, small, and hyper echoic LV. RV is, apex form-
ing and enlarged (Fig.  35.7). Retrograde flow toward 
arch and ascending aorta can be evaluated by using CFM 
(Fig. 35.8). In three vessel tracheal view aortic arch is 
very small or may not be visible (Fig. 35.9)

Fig. 35.4 High parasternal view showing dilated pulmonary artery, 
and Ductus arteriosus forming ductal arch. R RPA, L LPA, PA pulmo-
nary artery

Fig. 35.5 Suprastenal long axis view showing small hypoplastic 
ascending aorta (arrow heads)

Fig. 35.6 In this suprasternal long axis view, the retrograde flow is 
toward arch (shown in red) and ascending aorta (shown in blue). Aao 
ascending aorta

Fig. 35.7 Tn this fetal echocardiogram small, hyper echoic LV is indi-
cated by asterisk and arrow points to small diminutive aorta. RV is 
enlarged and apex occupying. RV right ventricle, RA right atrium, Ao 
aorta

Fig. 35.8 Fetal echocardiogram para sagittal view showing retrograde 
flow toward aortic arch (shown in red). Ascending aorta is so small that 
hardly can be seen. Asterisks indicate brachiocephalic arteries

35 Hypoplastic Left Heart Syndrome (HLHS)
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Kawasaki Disease (KD)

Maryam Moradian

Abstract

Kawasaki disease (KD) is an acute, self-limited vasculitis 
of childhood. It can result in coronary artery aneurysms in 
25% of patients, especially if the diagnosis is missed. 
Echocardiography is the imaging modality of choice for 
diagnosis of coronary artery involvement and evaluation 
of myocardial function. Serial echocardiography is neces-
sary in order to detect thromboses in aneurysms espe-
cially in patients with giant aneurysm.

 Kawasaki Disease (KD)

 1. Evaluate left main coronary artery (LMCA), left anterior 
descending (LAD), and Left circumflex (LCX) in multi-
ple imaging planes. Start with parasternal short axis view 
to see the origin of both LMCA and RCA.  Then with 
slight rotating and tilting of transducer follow the LAD 
and LCX length from bifurcation. Assess the distal LAD 
in parasternal long axis and subcostal coronal views and 
follow the LCX length in atrioventricular groove in apical 
four chamber view.

 2. Follow RCA course in parasternal long axis and also in 
apical and subcostal sagittal and coronal views.

 3. Evaluate the internal dimension of coronary arteries from 
the inner edge to inner edge of the vessel wall and do not 
measure at the level of its normal branching. Evaluate Z 
scores of LAD, RCA, and LMCA. Remember that most 
frequently coronary artery aneurysms develop in the 
LMCA and proximal segments of the LAD and the RCA 
(Fig. 36.1a, b).

 4. Assess any ectasia, the internal diameter of coronary 
arteries should be less than 3  mm in children younger 
than 5 years old and less than 4 mm thereafter, otherwise 
it is considered coronary ectasia

 5. Appreciate perivascular brightness, lack of normal taper-
ing, segmental dilation, or narrowing of coronary arteries. 
If the internal diameter of a segment is 1.5 times that of 
the adjacent segment it is abnormal

 6. Appreciate any mitral, tricuspid and aortic valve 
regurgitation

 7. Pay attention to any LV or RV systolic and diastolic dys-
function and regional wall motion abnormality.

 8. Evaluate even minimal pericardial effusion.
 9. Number, size (small <5  mm, medium 5–8  mm, or 

giant  >8  mm in internal diameter), location, and shape 
(fusiform or saccular) of every aneurysm should be 
described.
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a b

Fig. 36.1 (a) In this TTE the parasternal short axis window is used to 
show LCX ectasia and fusiform aneurysm formation in RCA, and LAD 
in a young infant suffering from Kawasaki disease. (b) The same view 

in a normal infant. RCA right coronary artery, LCA left coronary artery, 
LAD left anterior descending, LCX Left circumflex, AO aorta
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Cardiomyopathies

Azin Alizadehasl, Majid Maleki, Feridoun Noohi, 
Mohammad Mehdi Peighambari, and Maryam Moradian

Abstract

Echocardiography has an important role not only in diag-
nosis but also in follow-up of patients with cardiomyopa-
thy. Traditional and novel echocardiographic modalities 
help to confirm the diagnosis and take the best manage-
ment strategy.

 Cardiomyopathies

Cardiomyopathy, the primary disease of the myocardium, 
are commonly categorized into three physiologic types, 
Dilated, Hypertrophic, and Restrictive. Cardiomyopathies 
encompass cardiac muscle disorders without any correctable 
anatomic and/or hemodynamic disorder. Dilated and hyper-
trophic cardiomyopathies are more common than restrictive 
cardiomyopathy among children.

 Dilated Cardiomyopathy (DCM)

 1. In patients with heart failure you have to evaluate left ven-
tricular ejection fraction (LVEF), LV structure, and presence 
of any other abnormality as a reason for cardiac failure.

 2. Start with evaluation of LV size and function in four 
chamber view. The hallmarks of DCM, marked LV dila-
tion with global hypokinesia can easily be assessed in 
this view. Also, LV shape would be more spherical than 
elliptical.

 3. Compare systolic and diastolic frames. Low stroke vol-
ume can be assessed by showing little change in LV size 
during cardiac cycle (Fig. 37.1).

 4. Measure end systolic and end diastolic volumes and 
ejection fraction (EF) using paired orthogonal apical 
views, four and two chamber views, by modified 
 Sampson’s method. Single plane method may also be 
used but is not as precise as biplane method. LVEF less 
than 40% is considered heart failure (Fig. 37.2a, b)

 5. In parasternal long axis view measure Left ventricular 
end diastolic diameter (LVEDD). LVEDD more than 2 
z-scores is indicative of heart failure

 6. Use M mode echo and evaluate LV dimensions, frac-
tional shortening (FS), and E-point septal separation 
(EPSS). FS less than 25% and EPSS more than 6 mm are 
pathologic (Fig. 37.3)

 7. M mode evaluation of aortic valve, will show reduced 
aortic root motion, rounded opening, and early closure 
of aortic valve (Fig. 37.4).

 8. Use color flow mapping (CFM) to find the functional 
mitral valve (MV) regurgitation, in DCM, MV is ana-
tomically normal but increased LVEDD leads to mitral 
annular dilation which causes malcoaptation of leaflets, 
resulting in mitral regurgitation (MR). MR intensity will 
increase by elevated left ventricular end diastolic pres-
sure (LVEDP) (Fig. 37.5).

 9. Estimate the rate of LV pressure change during the iso-
volumic contraction period (dp/dt) using CW Doppler 
signals of MR. dp/dt, is an index of LV systolic function. 
Normal value is greater than 1200 mmHg/s (Fig. 37.6).

 10. Evaluate global ventricular function using myocardial 
performance index (MPI). Calculate MPI as the sum of 
isovolumic contraction time (IVCT) and isovolumic 
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Fig. 37.1 TTE, Apical four-chamber view of an adolescent suffering from DCM, showing little change in LV size during cardiac cycle. Systolic 
frame, left; diastolic frame, right

a b

Fig. 37.2 (a, b) Showing single plane measuring LV volumes and EF by Simpson method in apical four chamber view in diastole (a) and in 
systole (b) in DCM

Fig. 37.3 M mode tracing of mitral valve demonstrating increased 
EPSS (35 mm) and reduced LVFS in this child with DCM

Fig. 37.4 M mode tracing of aortic valve demonstrating rounded aor-
tic valve opening, reduced root motion and early closure of aortic valve 
in this child with DCM
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relaxation time (IVRT) divided by ejection time (ET). 
Normal value of LV MPI in children is 0.35 ± 0.03. The 
higher the index, the worse the systolic & diastolic dys-
function. A simple way to measure MPI is to locate the 
sample volume at the tips of the mitral valve in four 
chamber view and measure the time interval between the 
end and the start of transmitral flow which is “a” and 
then locate the sample volume in LVOT and measure the 
LV ejection time which is “b” in this equation:

MPI = (a – b)/b
 11. Use transmitral inflow Doppler, pulmonary venous flow 

Doppler, and tissue Doppler imaging (TDI) of mitral 

annulus to simply stage diastolic dysfunction (Fig. 37.7). 
Based on E/A ratio, E/E’ and atrial reversal flow in pul-
monary veins diastolic dysfunction is categorized as:
 (a) Impaired relaxation or grade 1 diastolic dysfunc-

tion: A > E E/E’ < 8 normal atrial reversal flow in 
pulmonary veins

 (b) Pseudo normal or grade 2 diastolic dysfunction: 
E > A E/E’ 8–15 increased atrial reversal flow veloc-
ity and duration in pulmonary veins

 (c) Restrictive pattern or grade 3 diastolic dysfunction: 
E > A (~3:1) E/E’ > 15 increased atrial reversal flow 
velocity and duration in pulmonary veins

 12. Measure mitral inflow propagation velocity using com-
bined M mode and CFM from LV apex. VP > 50 cm/s is 
normal. In delayed LV filling; the slop of color M mode 
signals is reduced (Fig. 37.8).

Fig. 37.5 TTE apical four chamber view, demonstrating severe MR in 
DCM. Arrow heads indicate the origin of MR jet from coaptation point. 
LA left atrium, LV left ventricle

Fig. 37.6 Evaluation of dp/dt in an adolescent with DCM showing sig-
nificantly reduced LV contractility dp/dt = 699 mmHg/s

Fig. 37.7 Tissue Doppler imaging of Lateral mitral annulus of an ado-
lescent with DCM showing reduced S′, E’ and A’

Fig. 37.8 Propagation velocity (VP)evaluation of a child with DCM, 
showing reduced VP (VP = 38 cm/s)

37 Cardiomyopathies
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 13. Dilated cardiomyopathy is the most common form of 
cardiomyopathies during intrauterine life. Evaluate the 
cardiac width and cardiothoracic ratio in four chamber 
view (Fig. 37.9). Use M mode and assess the fractional 
shortening. Evaluate the fetus for the signs of hydrops 
(pericardial, and plural effusion, ascites, and skin edema) 
(Fig. 37.10a, b).

 14. By adding CFM evaluate atrioventricular valves regurgi-
tation (Fig. 37.11a, b). Pulsed Doppler is also very use-
ful in evaluation of fetal cardiac function.

 15. Ductus venosus Doppler interrogation shows the charac-
teristic triphasic forward flow during entire cardiac cycle 
in the normal condition (Fig.  37.12). In cases with 
reduced cardiac function ductus venosus shows end- 
diastolic flow reversal (Fig. 37.13).Fig. 37.9 Fetal echo cardiogram four chamber view for evaluation the 

cardiac size. In this case of fetal CMP, the heart occupies more than one 
third of the chest area, indicating cardiac enlargement

a b

Fig. 37.10 (a, b) Fetal echo cardiogram four chamber view showing pericardial effusion (arrow heads in a) and another fetus with plural effusion 
(asterisks in b). L Lung

a b

Fig. 37.11 (a, b) Fetal echocardiogram showing increased cardiothoracic ratio (a). Adding CFM confirm tricuspid regurgitation (arrow heads) in 
this fetus with cardiomyopathy (b). RV right ventricle, LA left atrium, RA right atrium
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Fig. 37.12 Doppler evaluation of ductus venosus in a normal fetus, 
showing triphasic flow forward during entire cardiac cycle. Asterisks 
indicate atrial systolic waves

Fig. 37.13 End-diastolic flow reversal in ductus venosus is indicated 
by arrow heads in this Doppler evaluation of ductus venosus of a fetus 
with reduced cardiac function

Fig. 37.14 Transthoracic parasternal short axis view showing severe 
septal hypertrophy and sparing posterior LV wall in a child with HCM. 
Ant anterior septum, post posterior LV wall

 Hypertrophic Cardiomyopathy (HCM)

 1. Thickened and hypertrophic left ventricle without aor-
tic stenosis, coarctation of aorta, hypertension, athlete’s 
heart, or any other disease capable of producing cardiac 
hypertrophy should raise the suspicion of hypertrophic 
cardiomyopathy. More commonly, hypertrophy 

involves basal LV segments of interventricular septum, 
but may extends into the lateral LV wall, and LV apex 
(Fig. 37.14)

 2. In two-dimensional echo (2D) evaluate the pattern of 
hypertrophy. Most commonly the hypertrophy is asym-
metric and easily recognizable in parasternal long axis 
view. Measure septal thickness in diastolic frame. Be 
careful not to include right ventricular papillary muscles 
thickness in this measurement. Septal thickness ≥ 15 mm 
and interventricular septum/posterior wall ratio ≥  1.3 
(Asymmetric septal hypertrophy, ASH) have been tradi-
tionally considered as diagnostic criteria for HCM. Risk 
of sudden cardiac death increases if the septal thickness 
is more than 30 mm or z-score is more than 6.

 3. In parasternal long axis view you can also define the 
length between the aortic valve annulus and the point at 
which ventricular septal thickness decreases, beyond the 
basal hypertrophied region. This measurement as well as 
the depth of septal wall thickness, provide a good insight 
for optimal muscular resection during surgical relief of 
left ventricular outflow obstruction.

 4. As any region of left ventricle (LV) may be involved in 
hypertrophic cardiomyopathy, wall thickness should be 
measured at end diastole at different levels in parasternal 
short axis view, including apical, papillary muscle, and 
basal levels

 5. Determine the LV outflow tract obstruction using CFM 
and stepwise pulsed Doppler interrogation from LV cav-
ity to LVOT. A characteristic signal has dagger-shaped 
appearance (late-peaking at systole), and originates 
from subaortic region. The degree of obstruction changes 
with loading condition of the patient (Fig. 37.15)

 6. Evaluate the mitral valve by 2D and all Doppler modali-
ties carefully. Anatomically MV leaflets are large and 
due to its anterior leaflet motion in systole (SAM), mitral 
regurgitation results (Fig. 37.16)
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Fig. 37.17 Separating MR jet From subvalvar AS jet in a child with 
HCM.  Dagger shaped profile with gradient 48  mmHg is caused by 
LVOT obstruction

Fig. 37.18 Transthoracic parasternal long-axis view. Arrow heads 
indicate the contact lesion, an endocardial mural plaque which formed 
due to repetitive mitral-septal contact in this child with HCM

Fig. 37.15 Doppler profile showing dagger-shaped appearance (arrow 
heads), originating from sub aortic region in a child with HCM

Fig. 37.16 Anterior mitral valve leaflet motion in systole (SAM) caus-
ing mitral-septal contact is indicated by asterisk in this child with HCM

 7. Sometimes it’s difficult to separate the two systolic jets, 
MR and subvalvar dynamic AS jets (Fig. 37.17). In these 
cases, measure the MR jet velocity and pressure gradient 
and add the amount to the estimated LA pressure, this 
would be the LV systolic pressure. Then by subtracting 
the patients systolic blood pressure from this amount, 
calculate the left ventricular outflow gradient

 8. The “contact lesion” on the ventricular septum at the site 
of mitral- septal contact, which is an endocardial thick-
ening or a mural plaque and is seen in some patients 
(Fig. 37.18).

 9. Assess the systolic and diastolic LV function and left 
atrial size. Systolic function in these patients is typically 
normal but diastolic dysfunction with impaired relax-
ation pattern is common (Fig. 37.19)

 10. The second most common cardiomyopathy during fetal 
life is HCM. Evaluate the thickened interventricular sep-

tum and both ventricular walls especially in fetus of dia-
betic mother and recipient twin in twin—twin transfusion 
syndrome (TTTS). HCM in the fetus of diabetic mother 
is transient (Fig. 37.20)

 Restrictive Cardiomyopathy (RCM)

 1. In classic forms of restrictive cardiomyopathy (RCM), 
markedly dilated atria, dwarf the size of the ventricles 
and there is no sign of dilation or hypertrophy of ven-
tricles in four chamber view.

A. Alizadehasl et al.
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Fig. 37.19 Trans mitral inflow Doppler of a child with HCM, showing 
impaired relaxation pattern (E < A)

Fig. 37.20 Fetal echocardiogram four chamber view showing 
increased septal and free wall thickness (asterisks). Arrow heads points 
to pericardial effusion

Fig. 37.21 Apical four chamber view of a child with mixed restrictive/
hypertrophic cardiomyopathy, showing LA and RA enlargement, 
dwarfism of ventricles, and septal hypertrophy. Tricuspid regurgitation 
is shown by color flow mapping. LV left ventricle, RV right ventricle, 
LA left atrium, RA right atrium

Fig. 37.22 Transesophageal long axis view of a child with RCM and 
hypereosinophilc syndrome. Arrow heads indicates multiple thrombi in 
LV. LV left ventricle, LA left atrium, Ao aorta

 2. In about 40% of RCM cases, variable pattern of hyper-
trophy may be seen, the so called “mixed restrictive/
hypertrophic” (Fig. 37.21).

 3. Don’t forget the tendency of these patients to form 
thrombi, use different views and evaluate the ventricles 
apexes (Fig. 37.22).

 4. Use color flow mapping and evaluate both atrioventicu-
lar valve regurgitation

 5. Any abnormal thickening of mitral valve leaflets and 
decreased excursion, should be evaluated as it may help 
to find the etiology. Löffler endocarditis, hypereosino-
philic syndrome (HES) and endomyocardial fibrosis 
(EMF) frequently involve mitral valve but in idiopathic 
RCM the valves are normal.

 6. Use Doppler profile of mitral valve and evaluate restric-
tive filling pattern including elevated E/A ratio, short-
ened mitral deceleration time, increased pulmonary vein 
atrial reversal velocity and duration, and pulmonary vein 
atrial reversal duration greater than mitral A wave dura-
tion. Also evaluate for mitral L wave (or middiastolic 
filling) creating a triphasic pattern in mitral inflow 
(Fig. 37.23).

 7. Compare the systolic -to-diastolic duration ratio, which 
is increased in children with heart failure especially 
RCM patients.

 8. LV systolic function is often normal or near normal. Use 
different modalities and evaluate fractional shortening 
and ejection fraction.

 9. Use TDI (tissue Doppler imaging) and evaluate the 
abnormally low E’ and A’. Systolic velocity, S’ may 
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show systolic dysfunction in end stage disease 
(Fig. 37.24).

 10. Assess hepatic venous flow with pulsed Doppler inter-
rogation. Increased atrial systolic flow reversals espe-
cially during inspiration with restrictive physiology 
(Fig. 37.25).

 11. Use Longitudinal strain and strain rate of LV myocar-
dium to detect subclinical ventricular dysfunction. 
Using Speckle tracking echocardiography (STE) in 
three apical views including the four chamber, two 
chamber, and long axis; allow the analysis of global lon-
gitudinal strain (GLS) (Fig. 37.26).

 12. The least common form of CMP during fetal life is 
RCM, and may present as increased density of endocar-
dium (endocardial fibroelastosis).

Fig. 37.26 Longitudinal strain bull’s eye plot of a patient with restric-
tive cardiomyopathy. LV posterior wall thickness was 16 mm, septal 
thickness at base was 13 mm, and septum was sigmoid shape. The rela-
tive apical sparing can be easily observed by longitudinal strain bull’s 
eye mapping in this patient

Fig. 37.24 Tissue Doppler imaging (TDI) profile of medial mitral 
annulus of a child with end stage RCM, showing abnormally low E’, A’, 
and S′ velocity

Fig. 37.23 Pulsed wave Doppler profile of MV in a child with RCM, 
showing restrictive filling pattern. E/A ratio = 2.9

Fig. 37.25 Hepatic vein flow in a child with RCM. Asterisks indicate 
augmentation of flow reversal during atrial systole
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Pericardial Diseases

Azin Alizadehasl, Majid Maleki, Feridoun Noohi, 
and Maryam Moradian

Abstract

Variety of conditions can affect pericardium and some 
of them are life threatening. Evaluation of pericardial 
disease needs different imaging modalities. 
Echocardiography is the gold standard imaging tech-
nique for early detecting pericardial diseases, effusions, 
and their hemodynamic consequences.

 Pericardial Diseases

 1. While performing echocardiography, pay attention to 
unusually increased echo density of pericardial layers 
and/or accumulation of fluid.

 2. Left ward deviation of the heart along with RV enlarge-
ment and paradoxical septal motion should raise the sus-
picion of congenital absence of the left pericardium.

 3. Accumulation of fluid adjacent to the cardiac structures 
appears as an echo lucent space. Use different echo win-
dows not to miss loculated effusion. Measure the size of 
the pericardial effusion at the end of diastole: Trivial 
(seen only in systole), Small (<5  mm), Moderate 
(5–20  mm), and Large (>20  mm). Using transesopha-
geal echo (TEE) would be helpful to find posteriorly 
loculated effusion, especially after cardiac surgery.

 4. Tamponade physiology should be ruled out even if size 
of effusion is small. Rapid accumulation of fluid can 
lead to rapidly increased intrapericardial pressure, com-
promising ventricular filling. Evaluate systolic RA col-
lapse in four chamber view, and diastolic RV collapse in 
parasternal short axis view (Fig. 38.1).

 5. Use Doppler profile of mitral and tricuspid valves inflow 
to assess the variation in heart filling by respiration. 
Reduced collapsibility and plethora of inferior vena cava 
(IVC) can be appreciated in subcostal views. Inspiratory 
shift of interventricular septum toward the LV or “septal 
bounce” best visualized using two D guided M- mode at 
parasternal long axis view.

 6. Swinging motion of heart can be seen when pericardial 
effusion is massive (Fig. 38.2a, b).

 7. Thickened pericardium should raise the suspicion of 
constrictive pericarditis (CP). It may be difficult to dis-
tinguish between normal and thickened pericardium so 
consider computed tomography (CT) and magnetic res-
onance (CMR) in doubtful situations. Evidence of con-
strictive physiology includes an abrupt shift of the 
septum or septal bounce due to ventricular interdepen-
dence and with similar physiology as tamponade, mild 
atrial dilation and plethora of IVC. Presence of septal 
bounce is a reliable sign to distinguish CP from restric-
tive cardiomyopathy (Fig. 38.3).

 8. Evaluate the IVC plethora, ascites, plural effusion, and 
pericardial effusion in subcostal views in patients with 
CP (Figs. 38.4 and 38.5)

 9. To distinguishing pericardial effusion from plural effu-
sion use parasternal long axis view. Left pleural effusion 
extends posteriorly to the descending aorta, but pericar-
dial effusion is located anterior to descending aorta

 10. In large left pleural effusion obtaining cardiac images 
from the back of the patient may be possible (Fig. 38.6)

 11. Tuberculous, bacterial, and malignant pericardial effu-
sion may contain fibrin strands, which may be attached 
or floating between the visceral and parietal pericar-
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dium. This finding may predict the development of con-
strictive pericarditis (Fig. 38.7)

 12. In fetal life hypoechoic myocardium may resemble as 
pericardial effusion. To distinguish pseudo pericardial 
fluid from real pericardial effusion, evaluate if the effu-
sion extends above the atrioventricular groove. Pseudo 
pericardial effusion is limited to ventricular region and 
will not extend above the atrioventricular groove 
(Fig. 38.8).

 13. Detection a small amount of pericardial fluid (<2 mm) in 
fetuses more than 20 weeks of gestation may be normal. 

Immune and non-immune hydrops, chromosomal abnor-
malities, infections, fetal arrhythmias, congenital struc-
tural cardiac anomalies, tumors, cardiomyopathies, and 
pericardial teratoma all may lead to pericardial effusion. 
A fetal pericardial effusion is typically larger than 2 mm. 
Small amount of PE may resemble as an ovoid or len-
ticular echo free space whereas larger amount of PE 
resembles as a bag of water around the heart and pushes 
the lungs dorsally, while bilateral plural effusion collect 
around the lungs and resemble as “bat wings” (Figs. 38.9 
and 38.10).

Fig. 38.1 TTE, apical four chamber view showing RA collapse (arrow 
heads) in a child with diffuse pericardial effusion and tamponade physi-
ology. Asterisks indicate pericardial effusion. RA right atrium, RV right 
ventricle, LA left atrium, LV left ventricle

a b

Fig. 38.2 (a, b) TTE, showing swing motion of heart within the pericardial space of a child with massive PE due to metastasis. Asterisk indicate 
the malignant tumor invading the right atrium (hepatoblastoma)

Fig. 38.3 M mode echocardiography of an adolescent with CP.  An 
abrupt shift of the septum toward LV in early diastole with inspiration 
is indicated by arrows. In expiration by improvement in LV filling, sep-
tum shifts back toward RV
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Fig. 38.4 TTE subcostal view showing dilated inferior vena cava 
(IVC), and right plural effusion (arrow) in an adolescent with CP

Fig. 38.5 TTE subcostal view showing the falciform ligament (arrow) 
confirming the presence of ascites (asterisk) in this patient with 
CP. Small pericardial effusion is also observed. Li Liver, RV right ven-
tricle, LV left ventricle

Fig. 38.6 Evaluation of plural effusion from back of a patient with left 
plural effusion. Asterisk indicate descending aorta. RA right atrium, RV 
right ventricle, LV left ventricle, plu plural effusion

Fig. 38.7 TTE modified four chamber view showing fibrin strands 
with worm-like appearance (arrows)
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Fig. 38.10 Fetal echocardiogram of a fetus with bilateral plural effu-
sion. Asterisks indicate the lungs and “bat wings” appearance

Fig. 38.8 Fetal echocardiogram, apical four chamber view showing 
pseudo pericardial effusion (arrows). Obviously this echopenic region 
is limited to ventricular myocardium. RA right atrium, RV right ventri-
cle, LA left atrium, LV left ventricle

Fig. 38.9 Fetal echocardiogram four chamber view showing small PE 
(arrow). There is also an echogenic focus in LV cavity, mild left plural 
effusion, and large foramen ovale. RA right atrium, RV right ventricle, 
LA left atrium, LV left ventricle
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Cardiac Mass and Mass-Like Structures

Maryam Moradian

Abstract

Echocardiography plays an invaluable role in detecting 
cardiac mass lesions. Morphology, location, and hemody-
namic consequences of the masses should be carefully 
evaluated by echocardiography. Thrombus, cysts, vegeta-
tion, and tumors should be differentiated meticulously as 
the wrong diagnosis may have catastrophic results.

 Cardiac Mass and Mass-Like Structures

 1. In approaching a cardiac mass lesion, try to identify if it 
is a real structure or just an echo artifact. Using different 
echo windows and selecting an appropriate probe will 
help you not to mistake an echo artifact with a real 
structure.

 2. Sometimes a normal cardiac structure resembles as a 
mass such as embryologic remnants of Chiari net in RA, 
prominent thymus gland in an infant, and coumadin 
ridge in LA (Fig. 39.1). Transesophageal echocardiogra-
phy (TEE) may also be necessary to better characterize 
the mass lesion.

 3. Location, mobility, attachment, shape, number, size, and 
the hemodynamic effects of the mass should be evalu-
ated by echocardiography precisely

 4. It is important to distinguish tumors, thrombi, and veg-
etations from each other.

 5. In patients with sluggish blood flow such as in Fontan 
circuit, cardiomyopathy, congestive heart failure, and 
atrial fibrillation carefully evaluate for thrombus forma-
tion (Fig. 39.2). Presence of any foreign material in the 
heart such as mechanical prosthetic valve, central venous 
catheter, and implanted pace maker can make the patient 
susceptible to thrombus formation.
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Fig. 39.1 TEE with probe at upper esophageal level showing couma-
din ridge (arrow heads). LAA left atrial appendage, LSPV left superior 
pulmonary vein, LA left atrium

Fig. 39.2 TTE, four chamber view of a child with dilated cardiomy-
opathy. Arrow heads indicate an echo dense, rounded structure protrud-
ing into LV cavity highly suggestive of thrombus formation. LA left 
atrium, RA right atrium, LV left ventricle
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a b

Fig. 39.3 (a, b) TTE parasternal long axis view (a) and TEE long axis 
view of a patient with bicuspid aortic valve (b). Arrow heads point to an 
irregular mass lesion, highly suggestive of vegetation on LV side of 

aortic valve. The mass was oscillating and had back and forth move-
ment with the cardiac cycle. LA left atrium, AO aorta, LV left ventricle, 
RVOT right ventricular out flow tract

Fig. 39.4 TTE apical four-chamber view. Two well-circumscribed cir-
cular cystic masses, hydatid cysts in interventricular septum, and LV 
free wall are seen. LA left atrium, RA right atrium, LV left ventricle, RV 
right ventricle, S interventricular septum, C cyst

 6. Vegetations, the hallmark of endocarditis, are commonly 
mobile with disordered and oscillating motion. They 
have bizarre and irregular shape and typically attached 
on the low-pressure side of the valve causing regurgita-
tion (Fig. 39.3a, b).

 7. The most common cardiac cysts are pericardial cysts, 
echinococcal (hydatid) cysts, and blood cysts (Fig. 39.4).

 8. Aneurysms and diverticula also have cystic appearance. 
Diverticula may be muscular or fibrotic. Fibrotic diver-
ticula, also called congenital aneurysm, can be found as 

an isolated lesion with thin and fibrous walls which 
motions is unrelated to cardiac contraction (Fig. 39.5a, 
b). Muscular diverticula contain endocardium, myocar-
dium, and pericardium. Their contractile activity syn-
chronized with cardiac cycles.

 9. Sometimes non compaction ventricles may mistakenly 
resemble as cardiac tumors. The prominent trabecula-
tion and deep intertrabecular recesses in this form of 
cardiomyopathy, give it a spongy appearance. Most 
commonly just LV is involved but there are reports of 
biventricular noncompaction cardiomyopathy 
(Figs. 39.6 and 39.7).

 10. In pediatric population primary cardiac tumors are more 
common, and most of them are benign. Among tumors, 
rhabdomyomas are the most common, followed by 
fibroma, and myxoma. Commonly rhabdomyomas 
regress spontaneously over time. Rhabdomyomas, may 
be multiple and related with tuberous sclerosis complex 
(Fig. 39.8).

 11. Dispite benign nature, tumors may have significant 
hemodynamic consequences (Figs. 39.9a, b and 39.10).

 12. Echogenic focus or bright spot are common finding dur-
ing fetal life, they may be mistaken as tumor. Also, a 
prominent moderator band may resemble as a RV tumor 
in fetus. Evaluate the fetus from different views to assure 
about them (Fig. 39.11).

 13. Rabdomyomas are the most common tumor diagnosed 
during fetal life (Figs. 39.12 and 39.13)
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a b

Fig. 39.5 (a, b) TTE, subcostal view, showing a large thin walled, non- 
contractile, cystic structure out pouching from left ventricle compatible 
with LV aneurysm and mild pericardial effusion in an infant with con-
genital LV aneurysm (a). The connection between the aneurysm and the 

left ventricle of the same patient is shown by adding CFM in an off axis 
apical view. Arrow heads point to connection site (b). LV left ventricle, 
RV right ventricle, AO aorta, an aneurysm

Fig. 39.6 TTE off axis subcostal view of a child with noncompaction 
cardiomyopathy. Prominent trabecula and deep intertrabecular recesses 
are obviously seen in both LV and RV. LV left ventricle, RV right 
ventricle

Fig. 39.7 TTE parasternal short axis view showing non compaction 
LV

Fig. 39.8 TTE Apical four chamber view of a newborn with tuberos 
sclerosis complex. Multiple intracardiac rhabdomyomas are shown by 
asterisks. There is mild pericardial effusion and a very large pericardial 
tumor as well (larger asterisk). LA left atrium, RA right atrium, LV left 
ventricle, RV right ventricle, PE pericardial effusion
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a b

Fig. 39.9 (a, b) TTE parasternal short axis view of an infant with right 
ventricular outflow tract tumor causing pulmonary stenosis (a). Doppler 
profile of pulmonary valve of the same patient showing pulmonary 

pressure gradient = 42 mmHg, and mild pulmonary regurgitation (b). 
RVOT right ventricular outflow tract, RV right ventricle, PA pulmonary 
artery

Fig. 39.10 TTE apical four chamber view, black arrow heads points to 
a large rounded mass occupying the LA. LA and LV are enlarged. The 
mass appeared to arise from interatrial septum, moving with the cardiac 
cycle. This to- and- fro motion through the mitral valve caused both 
mitral stenosis and regurgitation. In this systolic frame the mass is 
lodged in mitral valve. The postoperative pathological specimen con-
firmed it as myxoma. LA left atrium, RA right atrium, LV left ventricle, 
RV right ventricle

Fig. 39.11 fetal echocardiogram, four chamber view. Arrow heads 
point to echo genic focus in LV. Mild pericardial effusion is indicated 
by asterisk. RA right atrium, LA left atrium, RV right ventricle
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Cardiac Malposition

Maryam Moradian

Abstract

Malposition, a very rare anomaly of the heart refers to 
hearts either with abnormal location within the chest or 
outside the chest, ectopia cordis. Abnormal orientation 
refers to the abnormal direction of the base-to-apex axis. 
Performing the “sequential, segmental approach” in echo-
cardiography, help to proceed a checklist to identify every 
detail of cardiac structures, even in a very complex con-
genital cardiac anomaly.

 Cardiac Malposition

 1. Determin the axis by evaluating the base to apex axis of 
the heart, in normal condition, levocardia, the axis points 
to the left of the sternum. In mesocardia, the axis points to 
the midline, and in dextrocardia, axis points to the right of 
the sternum. Abnormal cardiac axis is usually associated 
with a wide spectrum of complex congenital heart dis-
eases (CHD) (Fig. 40.1)

 2. Appreciate the overall location or position of the heart in 
relation to chest. Determine the hemithorax predomi-
nantly occupied by the heart.

 3. Congenital heart diseases may lead to abnormal cardiac 
axis and extracardiac anomalies may lead to altered posi-
tion of the heart. So, in cases with abnormal cardiac posi-
tion consider eventration of a hemidiaphragm, 
diaphragmatic hernia, congenital complete absence of the 
pericardium, and lung agenesis. Cardiovascular malfor-
mations may be detected in 25–30% cases with congeni-
tal diaphragmatic hernia (Figs. 40.2 and 40.3)
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Fig. 40.1 TTE subcostal view showing cardiac axis from base to apex 
pointing right, dextrocardia in this infant with complex CHD. LA left 
atrium, RA right atrium

Fig. 40.2 Fetal echocardiogram showing dextroposition of heart in 
this case of grade 2 congenital diaphragmatic hernia (CDH). Cardiac 
axis is normal. Arrow indicate CDH. LA left atrium, LV left ventricle, 
RV right ventricle
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 4. Use the “sequential, segmental approach” and completely 
assess anatomy and function of each structure. Begin with 
determination of situs, and define the cardiac position 
within the chest. Describe, of the venous, venoatrial con-
nection, atria, atrioventricular connections, atrioventricu-
lar valves (Figs. 40.4 and 40.5)

 5. Then appreciate ventricles, ventriculoarterial connec-
tions, semilunar valves, and great arteries (Fig. 40.6a, b)

Fig. 40.3 Fetal echocardiogram showing dextroposition of heart in 
this case of grade 4 congenital diaphragmatic hernia (arrow). Cardiac 
axis is normal. LV left ventricle, RV right ventricle

Fig. 40.4 TEE mid esophageal four chamber view of a child with dex-
trocardia, showing atrial situs inversus, and atrioventricular concor-
dance. LA left atrium, RA right atrium, LV left ventricle, RV right 
ventricle

Fig. 40.5 TTE subcostal view four chamber view of a child with dex-
trocardia, showing atrial situs inversus, and atrioventricular discor-
dance. LA left atrium, RA right atrium, LV left ventricle, RV right 
ventricle
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a b

Fig. 40.6 (a, b) TTE subcostal view of a child with dextrocardia, showing ventriculoarterial concordance, the pulmonary artery arises from the 
right ventricle (a) and the aorta arises from the left ventricle (b). LA left atrium, LV left ventricle, RV right ventricle, PA pulmonary artery, AO aorta

40 Cardiac Malposition



153© Springer-Verlag GmbH Germany, part of Springer Nature 2021
M. Moradian, A. Alizadehasl (eds.), Atlas of Echocardiography in Pediatrics and Congenital Heart Diseases, 
https://doi.org/10.1007/978-3-662-62341-1

Index

A
Absence of the pulmonary valve (APV)

aneurysmal dilation of pulmonary arteries, 55, 56
ductus arteriosus, 55, 56
pulmonary stenosis and insufficiency, 55, 56
to-and-fro flow pattern, 55, 56

Anomalous left coronary artery from the pulmonary artery (ALCAPA)
chronic ischemia, 20
collateral vessels, 19, 20
endocardial fibroelastosis, 19
parasternal short axis view, 19
pressures and oxygen saturation, 20
tetralogy of Fallot, 20

Anterior mitral leaflet (AML), 6
Aortic arch

COA, 118, 119
discontinuity, 118
ductus arteriosus, 117
fetal echocardiography, 119–121
fifth arch, 119, 120
IAA, 118, 120
imaging modalities, 118
three vessel tracheal view, 119, 121
tracheal cartilage, 117, 118
variants, 117
vascular ring, 117, 118
“Y” sign, 119

Aortic-left ventricular tunnel
aortic dilation, 25
diagnosis, 26
non valvular aortic regurgitation, 25, 26
parasternal long axis view, 26
rupture of Valsalva sinus, 26
subcostal coronal view, 25

Aortopulmonary widow defect (AP Window)
aortic and pulmonary valves, 17
cardiac anomalies, 18
defect type, 17
eshophageal ascending aorta, 18
left to right shunt, 17
parasternal short axis view, 17, 18
suprasternal long axis view, 18
three vessel view, 18

Aortic stenosis (AS)
aortic cusps, 113, 114
aortic insufficiency, 114
BAV, 113
congenital anomalies, 113
continuity equation, 115
critical AS, 115

Doppler interrogation, 115
EFE, 115
fetal echocardiography, 115
HCM, 114
parasternal long axis, 113
Shone complex, 114
sub aortic membrane, 114
supravalvar aortic stenosis, 114

Arrhythmogenic right ventriclular dysplasia (ARVD), 69
Arterial switch operation (ASO), 110
Atrial septal defect (ASD), 35, 63, 64

chiary net, 1
color Doppler, 2
contrast study, 2
coronary sinus defect, 2
foramen ovale, 2, 3
left atrium, 2
paradoxical septal motion, 1
primum, 5
pulmonary artery, 1
right atrium, 1
right ventricle, 1
sinus venosus defect, 1
subcostal views, 1
T-artifact, 1
TEE, 2, 3
three dimensional (3D) echocardiography, 2, 3
TTE, 2

Atrilalized right ventricle (ARV), 59, 61
Atrioventricular septal defect (AVSD), 97, 99

ASD primum, 5
atrioventricular length ratio, 7
balanced vs. unbalanced ventricles, 6, 7
complete AVSD, 6
fetal echocardiography, 7, 8
goose neck deformity, 5
intermediate AVSD, 6
left ventricular, 6
LVOT, 6
mitral valve, 6
papillary muscles, 5
parasternal short axis view, 7
partial AVSD, 6
right ventricular, 6
subcostal coronal view, 7
TEE, 5
three dimension echocardiography (3D), 7
transitional AVSD, 6
uni-ventricular surgical approach, 6
ventricular septum, 6
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B
Bicuspid aortic valve (BAV), 113

C
Cardiac malposition

axis, 149
CDH, 149, 150
CHD, 149
dextrocardia, 149–151
levocardia, 149
mesocardia, 149
segmental approach, 150
sequential approach, 150

Cardiac mass lesions
artifact, 143
bright spot, 144
cysts, 144, 145
echogenic focus, 144
hemodynamic, 144, 146
non-compaction cardiomyopathy, 144, 145
rhabdomyomas, 144, 145, 147
thrombus, 143
tumors, 143–145
upper esophageal level, 143
vegetation, 143, 144

Cardiomyopathy, 69
DCM (see Dilated cardiomyopathy)
HCM (see Hypertrophic cardiomyopathy)
RCM, 134–136

Coarctation of aorta (COA), 6, 110, 118, 119
Complete heart block (CHB), 107
Congenital diaphragmatic hernia (CDH), 149, 150
Congenital heart diseases (CHD), 149
Congenitally corrected transposition of the great arteries (CCTGA)

anomalies, 106
atrioventricular (AV) discordance, 105
CHB, 107
coronary artery–ventricular concordance, 107
ductal view, 107
interventricular septum, 106
parallel orientation, 106
situs inversus, 107
ventriculoarterial (VA) discordance, 105, 106

Constrictive pericarditis (CP), 139, 140
Continuous wave Doppler (CW-Doppler), 13, 14
Coronary artery fistula (CAF)

dilated coronary artery, 21, 22
receiving chamber, 21
TEE, 22, 23
tortuous, 21, 22
TTE, 21, 22
visualization, 23

Coronary-cameral fistula, see Coronary artery fistula (CAF)
Coronary sinus (CS), 34, 35, 43, 44
Cortriatriatum sinister

cor triatriatum dexter, 40
diagnosis, 40
interatrial shunt(s) direction, 40
membrane, 39
pulmonary venous, 40
pulmonary venous hypertension, 39
PVC, 39
supravalvar mitral ring, 39

Cranial arteriovenous (AV) malformation

aortic diastolic runoff, 28, 29
PPHNS, 28
pulmonary hypertension, 28, 29
suprasternal long axis view, 27
vein of Galen aneurysm, 27, 28

Critical pulmonary stenosis (PS)
Doppler evaluation, 75, 76
EFE, 75
PDA, 75, 76
TTTS, 76

D
Descending abdominal aorta(DAO), 47
Dilated cardiomyopathy (DCM)

abnormality, 129
cardiothoracic ratio, 132
ductus venosus Doppler interrogation, 132, 133
EF, 129, 130
end systolic and end diastolic volumes, 129, 130
end-diastolic flow reversal, 132, 133
EPSS, 129, 130
four chamber view, 129, 130
hydrops fetalis, 132
isovolumic contraction period (dp/dt), 129, 131
LVEDD, 129
mitral regurgitation (MR), 129, 131
M mode evaluation, 129, 130
MPI, 129
propagation velocity, 131
tissue Doppler imaging (TDI), 131

Double-chambered right ventricle (DCRV), 77, 78
Double orifice MV (DOMV), 98, 100
Double outlet right ventricle (DORV), 98, 101

diagnostic signs, 89
mitral semilunar valve discontinuity, 89
noncommitted VSD, 89
out-flow tracts, 90, 91
pulmonary stenosis, 89
remote VSD, 89
sub costal views, 89, 91
subaortic VSD, 89
surgical repair conduit placement, 90
Taussig–Bing anomaly, 90

Dysplasia
annulus, 67, 68
four chamber view, 67
tricuspid regurgitation, 67, 68

E
Ebstein’s anomaly

atrilalized right ventricle, 59, 61
cardiothoracic ratio, 60, 61
celermajer index, 59, 61
displacement index, 59
displacement of septal and posterior leaflets, 59, 60
hydrops fetalis, 60, 61
interatrial communication, 59
parasternal long axis view, 59, 61
sail-like anterior leaflet, 59, 60
tricuspid valve, 59

Ejection fraction (EF), 129, 130
Endocardial fibroelastosis (EFE), 75, 115, 123
E-point septal separation (EPSS), 129, 130
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F
Foramen ovale (FO), 2, 3

G
GOSE index, 59, 61

H
Heterotaxy, 31
Hypertrophic cardiomyopathy (HCM), 114

contact lesion, 134
dagger-shaped appearance, 133, 134
impaired relaxation pattern, 134, 135
left ventricle (LV), 133
SAM, 133, 134
subvalvar dynamic AS jets, 134
transthoracic parasternal short axis view, 133
TTTS, 134, 135
two-dimensional echo (2D), 133

Hypoplasia, 110
Hypoplastic left heart syndrome (HLHS), 13, 31

classification, 123
diagnosis, 123
ductal arch, 124, 125
EFE, 123
fetal echocardiography, 125, 126
four chamber view, 123
hypoplastic left ventricle, 123
levoatriocardinal vein, 125
parasternal long axis view, 123, 124
slit like left ventricle, 123
suprasternal long axis view, 124, 125
tortuous epicardial coronaries, 124

Hypoplastic right heart syndrome (HRHS)
coronary sinusoidal channels, 82
fetal death, 82, 83
four chamber view, 81
interatrial septal defect, 82
lung hypoplasia, 82
PDA, 82
reversal flow in ductus arteriosus, 82, 83
RV-dependent coronary circulation, 82

I
Inferior vena cava (IVC)

azygos vein, 47, 48
DAO, 47
double vessel sign, 47, 49
heterotaxy, 47
seagull sign, 47, 48
subcostal view, 47, 48

Interrupted aortic arch (IAA), 13, 118, 120

K
Kawasaki disease (KD)

aneurysm, 127, 128
coronary artery, 127
minimal pericardial effusion, 127

L
Left atrial enlargement (LAE), 17
Left atrium (LA), 2

Left coronary artery (LCA), 19
Left main coronary artery (LMCA), 19
Left superior vena cava (LSVC)

arrhythmia, 43
catheterization and cardiac surgery, 43
conduction abnormalities, 43
coronary sinus, 43, 44
fetal echocardiography, 44, 45
RSVC, 44

Left ventricular end diastolic diameter (LVEDD), 129
Left ventricular enlargement (LVE), 17
Left ventricular out flow tract (LVOT), 5, 6
Left ventricular out flow tract obstruction (LVOTO), 106

M
Main pulmonary artery (MPA), 19, 71
Major aortopulmonary collateral arteries (MAPCAs), 52, 85, 86
Mitral regurgitation (MR), 97, 98, 101, 102
Mitral valve (MV), 6

arcade mitral valve, 97, 99
AVSDs, 97, 99
chronic rheumatic heart disease, 98, 101, 102
congenital abnormalities, 99, 101
congenital mitral stenosis (MS), 97
DOMV, 98, 100
DORV, 98, 101
Ebstein’s like anomaly, 98, 100
mitral regurgitation, 97, 98, 101, 102
MV cleft, 97, 99
MVP, 98, 100
parachute MV, 98, 100
pathology, 97
Shone complex, 98
spoon-like and concave, 98, 101
supravalvar stenosing ring, 97–99
three-dimensional echocardiography (3D), 97–98
tricuspid regurgitation, 101

Mitral valve prolapse (MVP), 6, 98, 100
Myocardial performance index (MPI), 129
Myocardium, 69

N
Noonan syndrome, 71

P
Parasternal long axis view (PLAX), 123, 124
Parchment heart, 69
Partial anomalous pulmonary venous connection (PAPVC)

classification, 34
crab view, 33
pulsed wave (PW) Doppler, 34
PVC, 34
RUPV, 35
suprasternal coronal view, 35
SVC, 35
TEE, 34

Patent ductus arteriosus (PDA), 52, 75, 76, 82
continuous left to right shunt, 13
CW-Doppler, 13, 14
ductal arch, 13, 14
ductal view, 13, 14
HLHS, 13
IAA, 13
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Patent ductus arteriosus (PDA) (cont.)
RVOTO, 13
spectral Doppler beam, 13
suprasternal long axis view, 13
TEE, 13, 14

Patent foramen ovale (PFO), 35
Pericardial disease

bat wings, 140, 142
constrictive pericarditis, 139, 140
echocardiography, 139
hypoechoic myocardium, 140, 142
inferior vena cava (IVC), 139, 141
parasternal long axis view, 139
pericardial effusion, 139, 140
pleural effusion, 139, 141
septal bounce, 139
tamponade physiology, 139, 140
worm-like appearance, 139, 141

Peripheral pulmonary stenosis (PPS)
hour-glass deformity, 79
hypo plastic RPA, 79, 80
syndromes, 79
tetralogy of Fallot, 79
tortuous, 79, 80

Persistence pulmonary hypertension of newborn syndrome (PPHNS), 
28

Polysplenia, 31
Propagation velocity (VP), 131
Pulmonary artery (PA), 19
Pulmonary atresia intact ventricular septum (PA IVS)

coronary sinusoidal channels, 82
fetal death, 82, 83
four chamber view, 81
interatrial septal defect, 82
lung hypoplasia, 82
PDA, 82
reversal flow in ductus arteriosus, 82, 83
RV-dependent coronary circulation, 82

Pulmonary atresia with ventricular septal defect (PA-VSD)
continuous flow pattern, 85, 86
malaligned VSD, 85
MAPCAs, 85, 86
TOF, 85
vertical PDA, 85, 86

Pulmonary valve stenosis
continuous wave Doppler, 72
doming, 71
dysplastic pulmonary valve, 71
fetal echocardiography, 72, 73
grading, 71, 72
Noonan syndrome, 71
pulmonary bifurcation view, 72
RVOT, 72, 73
severity of, 71
tricuspid regurgitation, 71

Pulmonary veins, 31
Pulmonary venous confluence (PVC), 34, 35, 39
Pulsed wave (PW) Doppler interrogation, 18

R
Restrictive cardiomyopathy (RCM), 134–136
Right atrial appendage (RAA), 63, 65
Right atrium (RA), 1
Right coronary artery (RCA), 19
Right superior vena cava ( RSVC), 44

Right upper pulmonary vein (RUPV), 35
Right ventricle (RV), 1
Right ventricular muscle bundle (RVMB), 77, 78
Right ventricular outflow tract (RVOT), 52, 72, 73
Right ventricular out flow tract obstruction (RVOTO), 13

S
Scimitar syndrome

aberrant artery, 41
congenital cardiovascular anomalies, 41
dextroposition, 41
hypoplastic right pulmonary artery, 41
lower esophageal level, 41, 42
pulmonary sequestration, 41, 42
scimitar vein, 41

Septum primum, malposition, 31
Superior vana cava (SVC), 35
Supravalvar pulmonary stenosis

hour-glass deformity, 79
hypo plastic RPA, 79, 80
syndromes, 79
tetralogy of Fallot, 79
tortuous, 79, 80

T
Tetralogy of Fallot (TOF/TF)

aortic overriding, 51
APV (see Absence of the pulmonary valve (APV))
fetal echocardiography, 52, 53
MAPCAs, 52
PA-VSD, 85
PDA, 52
PPS, 79
pulmonary blood flow, 51, 52
RVOT, 52
supravalvar pulmonary stenosis, 79
three dimensional (3D) echocardiography, 52
VSD, 51

Total anomalous pulmonary venous connection (TAPVC)
ASD, 35
classification, 34
coronary sinus, 34, 35
crab view, 33
fetal echocardiography, 35, 36
PFO, 35
pulsed wave (PW) Doppler, 34
PVC, 34, 35
TEE, 34
venous flow, 35, 36
vertical vein (VV), 34

Transesophageal echocardiography (TEE)
ASD, 2, 3
AVSD, 5
CAF, 22, 23
PAPVC, 34
PDA, 13, 14
TAPVC, 34
VSD, 10

Transposition of great arteries (TGA)
ASO, 110
atrioventricular concordance, 109
atrioventricular valves size and function, 110
balloon atrial septostomy, 110
circle by circle, 109, 110
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COA, 110
coronary anomalies, 110
fetal echocardiography, 111
Taussig-bing anomaly, 110
ventriculoarterial discordance, 109

Transthoracic echocardiography (TTE)
ASD, 2
AVSD, 7
CAF, 21, 22
VSD, 10, 11

Tricuspid atresia
ASD, 63, 64
diminutive right ventricle, 63, 64
fetal echocardiogram, 63, 65
juxtaposition of right atrial appendage, 63, 65
left atrioventricular valve, 63, 64
muscular shelf, 63, 65
pulmonary stenosis, 63
transposition of great arteries, 63, 65
VSD, 63

Tricuspid regurgitation (TR), 71, 101
Tricuspid valve (TV), dysplasia

annulus, 67, 68
four chamber view, 67
tricuspid regurgitation, 67, 68

Truncus arteriosus
arterial trunk, 93
Collett and Edwards classification, 93, 94

ductus arteriosus, 94
malaligned VSD, 94, 95
parasternal ling axis view, 93
truncal valve, 94, 95
Van Praagh and Van Praagh classification, 93, 94

Twin-to-twin transfusion syndrome (TTTS), 76, 134, 135

U
UHL anomaly, 69

V
Ventricular septal defect (VSD), 51, 63

aortic annulus diameter, 9
centeral, 9
fetal echocardiogram, 11, 12
Gerbode defect, 9
inlet VSD, 9, 11
interventricular septum, 11, 12
muscular VSD, 9, 11
outlet VSD, 9, 11
perimembranous, 9
pressure gradient, 11
prolapse of right coronary cusp, 9
subaortic obstruction, 9
TEE, 10
TTE, 10, 11
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