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CHAPTER 13 

4D Study of Left Heart Anomalies 

Giuseppe Rizzo and Domenico Arduini 

Department of Obstetrics and Gynecology, Università Roma “Tor Vergata” Rome Italy 

Abstract: In this chapter, the 2D, color Doppler and four dimensional (4D) features of major right heart 
abnormalities are described. In particular, the echocardiographic views on which the various lesions are present 
are reported. The diagnostic role of 4D echocardiography in allowing a spatial demonstration of the defects with 
the possibility of getting new views into the heart is outlined. Videos of major diagnostic features are also 
provided, to facilitate the understanding of the text. 
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INTRODUCTION 

This chapter will cover the most significant anomalies if the left side of the heart that can be observed prenatally. 
For each condition after a brief anatomical description, the criteria of echocardiographic diagnosis will be provided. 
In particular we will focus on the four dimensional (4D) acquisition and postprocessing modalities in fetal hearts 
with right side anomalies, demonstrating their use through case examples.  

HYPOPLASTIC LEFT HEART SYNDROME 

The term Hypoplastic Left Heart Syndrome (HLHS) includes a spectrum of cardiac anomalies characterized by a 
marked underdevelopment of left ventricle and ascending aorta. This results in a situation where the left side of the 
heart is completely unable to support the circulation. Its incidence is between 0.1-0.25/1000newborns and represents 
about the 10% of the congenital heart disease (CHD) [1,2]. In prenatal diagnosis series the incidence is usually 
reported higher 12-18% of all CHD and this is due to intrauterine mortality rate. 

The “classical” form is characterized by an atresic mitral valve, an atresic aortic valve, a extremely small left 
ventricle with no inflow from the left atrium (Fig. 1 video 1). 

There is a “minor” form where the mitral valve is small but patent and the left ventricular chamber may be 
recognized. Other variants of HLHS include critical aortic stenosis, the Shone complex (mitral valve anomaly, aortic 
coarctation and subaortic stenosis), unbalanced atrioventricular septal defects all associated with severe hypoplasia 
of the left ventricle and aorta.  

 

Figure 1: (video 1) The four chamber view of a fetus with the classical form of HLHS. The cavity of the left ventricle is difficult 
to identify. 
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Color flow mapping allows to confirm the absence of filling of the left ventricle and the shunt from left to right at 
the level of foramen ovalis (Fig. 2, video 2)  

 

Figure 2: (video 2) Same fetus of Fig. 1. Color flow mapping allows to demonstrate the absence of flow through the mitral 
valve. 

A general characteristic in all the variants of HLHS is that the right ventricle forms the apex of the heart (Fig. 3 
video 3) 

 

Figure 3: (video 3) Four chamber view in a fetus with HLHS, the left ventricle cavity is small, the walls hyperechogenic. At the 
apex of the heart the right ventricle (rv) is present 

The ascending aorta is hypoplastic and no forward flow is detectable. Color flow mapping allows from the 3 vessel 
view of the fetal heart to confirm the diagnosis by showing a retrograde flow from the ductus to the aorta (Fig. 4 
video 4) 

 

Figure 4: (video 4) 3 vessel view of the fetal heart in a fetus with HLHS. Normal flow direction (blue) in the pulmonary artery 
(PA), while there is a reverse flow (red) in the aortic trunk (ao). 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/69/cap13video2.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/69/cap13video2.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/70/cap13video3.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/70/cap13video3.mov
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The HLHS is associated with aneuploidies in about 2% of vase, particularly 45X, but also trisomy 13 and 18. 
Extracardiac anomalies may be present in up to 18% of cases. 

The recent introduction of 4D ultrasonography to clinical practice provided an important advance in imaging 
technology. With a 4D acquisition of the fetal heart from the 4 chamber view it is possible to obtain few additional 
informations on the cardiac anatomy in HLHS.The advantages are 

a) to render cardiac volume and show in more direct view the severity of the reduction of the left ventricle (Fig. 5 video 5) 

 

Figure 5: (video 5). Rendering of HLHS (rv right ventricle) 

b) to confirm the absent inflow in the left ventricle by using the rendering function with color superimposed (Fig. 6 video 6) 

 

Figure 6: (video 6). Same fetus of Fig. 5 showing no left ventricular filling (rv right ventricle) 

c) to evaluate the relative size and position of both ventricles by using render with inversion mode (Fig. 7 video 7). 

 

Figure 7: (video 7) Same fetus of Fig. 3 note the small size of the left ventricle (lv) and the right ventricle (rv) forming the apex 
of the heart. 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/72/cap13video5.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/72/cap13video5.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/73/cap13video6.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/73/cap13video6.mov
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AORTIC STENOSIS  

Aortic stenosis is an obstruction to the left ventricle outflow tract and the site of obstruction may be subvalvular, 
valvular or supravalvular. The incidence is of 2-3% of all CHD [1,2]. 

The appearance of the fetal heart will depend on the severity of the obstruction. If aortic stenosis is moderated the left 
ventricle usually is normal in size, or slightly reduced with a variable degree of hypertrophy of the walls (Fig. 8 video 8)  

  

Figure 8: (video 8) The 4 chamber view of a fetus with moderate aortic stenosis. The left ventricle (lv) is smaller than the right 
ventricle (rv). The LV is hyperechogenic (arrows) 

The aortic leaflets are abnormal and usually always present during all cardiac cycle(Fig. 9 video 9) 

  

Figure 9: (video 9) Long axis view of the left ventricle showing a thickened aortic valve (ao) 

Color flow mapping shows turbulence and increased velocities at the level of aortic valve (Fig. 10 video 10)  

 

Figure 10: (video 10) Color flow mapping showing increased velocity at the level of ascending aorta. 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/75/cap13video8.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/75/cap13video8.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/77/cap13video9.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/77/cap13video9.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/76/cap13video10.mov
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that can be quantified by using spectral Doppler (Figure 11). 

 

Figure 11: The Doppler sample volume is positioned in the ascending aorta just beyond the aortic leaflets and the velocity 
measured are over 210 cm/sec 

Mitral regurgitation is also common due to the high pressure present in the left ventricle (Fig. 12 video 11). 

 

Figure 12: (video 11) Four chamber view of a fetus with aortic stenosis The left atrium and left ventricles are dilated and an 
evident mitral regurgitation (mr) is present. 

When aortic stenosis is critical the left ventricle is dilated and with poor contractility and increased echogenicity 
suggesting the presence of fibroelastosis. (Fig. 13 video 12). 

 

Figure 13: (video 12) Example of critical aortic stenosis. The left ventricle (LV) is increased in size, has poor contractility and 
its walls have an increased echogenicity (arrows) suggestive of fibroelastosis. 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/78/cap13video11.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/78/cap13video11.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/79/cap13video12.mov
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The shape of the ventricle is globular and there is difficult to document flow in the ventricle due to the poor 
contractility (Fig. 14 video 13). 

 

Figure 14: (video 13): Color flow mapping of the same fetus of Fig. 12. Note the absent filling of the left ventricle (LV) and the 
unidirectional flow (arrow) from the left atrium through the foramen ovalis (fo) to the right ventricle 

Intracardiac associated anomalies include mitral valve stenosis, ventricular septal defects (Fig. 15 video 14), 
restrictive foramen ovalis and aortic coarctation. The Shone’s Syndrome is a complex left heart disease that include 
mitral stenosis, aortic stenosis (usually subaortic) and coarctation. 

 

Figure 15: (video 14) Same fetus of figures 8 of 9. Color flow mapping allow the demonstration of a muscular ventricular septal 
defect. The flow is unidirectional (arrow) from the left ventricle (LV) to the right ventricle (rv) and not bidirectional as usual due 
to the higher pressure present in the lv for the presence of the aortic stenosis. 

Extracardiac anomalies are unusual but aortic stenosis can be associated with Turner syndrome and William’s 
syndrome (supravalvular aortic stenosis. 

Aortic stenosis may be a progressive disease that from mild forms may evolve in critical stenosis with fibroelastosis 
or hypoplastic left heart syndrome [4]. Intrauterine treatment with baloon valvuloplastic has been suggested in the 
more severe form in the extent to prevent this deterioration but its role remains to be established [5, 6] 

4D ultrasound provides the following advantages: 

a) rendering ventricular cavity and provide indirect informations on the proportion of the two ventricles and their 
contractility, This informations can be obtained both using direct rendering of the fetal heart (Fig. 16, video 15) or in 
combination with color Doppler informations (Fig. 17 video 16) 

b) evaluating ventricular volume, geometry and stroke volume This is usually performed by manual methods of 
calculations by using software such as Organ Computer-aided AnaLysis (VOCAL) [7, 8] (see also chapter 16). (Fig. 18). 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/81/cap13video13.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/81/cap13video13.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/80/cap13video14.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/80/cap13video14.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/82/cap13video15.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/83/cap13video16.mov
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Figure 16: (video 15): Rendering of the four chamber view of a fetus with critical aortic stenosis and fibroelastosis. Note the 
enlarged left ventricle (lv) and its reduced motility. The right ventricle (rv) forms the apex. 

 

Figure 17: (video 16) Same fetus of Fig. 16. with rendering and color Doppler, Note the absent filling of the left ventricle (lv) 
and the unidirectional flow across the foramen ovalis (fo) from the left heart to the right ventricle (rv). 

The manual method has the disadvantage of the relatively long time of analysis and operator dependency. To 
overcome these difficulties semiautomatic software for volume calculation [9]has been developed (sono-Automatic 
Volume Count (sonoAVC)) and these software of analysis allow reliable measurements in short time interval 
compatible with clinical practice [10] (Fig. 19). 

 

Figure 18: Evaluation of left ventricle (LV) with VOCAL software in a fetus with aortic stenosis. 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/83/cap13video16.mov
ttp://dspace.uniroma2.it/dspace/bitstream/2108/1188/82/cap13video15.mov
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Figure 19: Evaluation of left ventricle (LV) with sonoAVC software in the same fetus of Fig. 17 

The evaluation of ventricular volume allows longitudinal evaluation of cardiac growth that may be useful in 
predicting the evolution of the disease in particular when compared to the growth of the right ventricle (Fig. 20 
video 17) 

 

Figure 20: (video 17) Simultaneous assessment of left (lv blue) and right ventricle (rv red) volume by sono AVC 

c) improving the diagnosis of associated intracardiac anomalies such as ventricular septal defects that can be 
overlooked by conventional echocardiography. In particular the application of Tomographic Ultrasound Imaging 
(TUI) in cardiac volumes acquired with color Doppler allows to obtain a complete view of the septum allowing an 
easy identification of small defects that can be difficult to evidence with 2D echocardiography [11] (Fig. 20, video 
18). 

 

Figure 21: (video 18) Visualization of a muscular septal defect (arrows) with TUI technique in a cardiac volume acquired with 
color Doppler of a fetus with aortic stenosis. 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/86/cap13video17.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/86/cap13video17.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/85/cap13video18.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/85/cap13video18.mov
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Further evolution of this technique is the “omniview” function that allows the simultaneous view of the ventricular 
defect in different planes allowing a better identification and assessment of the amount and direction of the shunt 
between the two ventricles (Fig. 22, video 19). 

 

Figure 22: (video 19) Use of the omniview function in the same fetus of Fig. 20. The ventricular septal defect is visualized in 
two perpendicular planes (yellow and violet lines) allowing to confirm the unidirectional blood direction from the left ventricle to 
the right. 

AORTIC ARCH ANOMALIES 

Aortic arch anomalies consist of several defects with different embryological etiology and the more frequent are 
aortic coarctation, interrupted aortic arch and right aortic arch.  

Coarctation of Aorta  

Coarctation of aorta is characterized by a narrowing of the distal aortic arch (isthmus) and occurs in about 0.2-0.6% 
of newborns [1, 2]. Prenatal diagnosis is challenging for the difficulties of studying aortic isthmus due to the 
presence of the patent ductus arteriosus. 

In severe case the diagnosis is suspected by the detection of a disproportion of ventricular size from the 4 chamber 
view [12] (Fig. 23, video 20). 

 

Figure 23: (video 20) Example of 4 chamber view in a fetus with aortic coarctation. The left ventricle (lv) is smaller than the 
right ventricle.  

Discrepancy in the relative size of aorta and pulmonary artery [13] has been also suggested to improve the diagnosis 
of aortic coarctation  

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/87/cap13video19.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/87/cap13video19.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/88/cap13video20.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/88/cap13video20.mov
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Figure 24: (video 21) 3 vessel and trachea (tr) view in a case of coarctation of aorta. Aorta (ao) is hypoplastic relative to 
pulmonary artery (pa) and superior vena cava (svc). 

Simultaneous visualization of both great vessels can be obtained by the 3 vessel view (Fig. 24, video 21).In long 
axis view is also possible to perform comparison between aortic and ductal arch (Fig. 25 video 22) but this view has 
been reported as misleading [2] due to the difficulties in correctly visualizing both arches.  

 

Figure 25: (video 22) Simultaneous visualization of aortic (ao) and ductal (da) arches in a case of coarctation of aorta. Note the 
reduced size of aorta when compared to ductus arteriosus. 

High sensitive Doppler technique such as B flow may 

 

Figure 26: (video 23) Imaging of the aortic arch by B-flow technique. Note the narrowing (arrows) of the arch when compared 
to descending aorta.  

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/89/cap13video21.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/89/cap13video21.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/90/cap13video22.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/90/cap13video22.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/91/cap13video23.mov
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be used to help in delineating the narrow lumen of the aortic arch (Fig. 26 video 23). 

Coarctation of the aorta may worsen with advancing gestation and subtle changes in second trimester may develop 
in severe forms.  

In up to 60% of the cases other intracardiac anomalies are present such as atrial and ventricular defects and 
obstructive lesions of the left ventricle. There is also an increased incidence of extracardiac malformations and 
aneuploidies.  

The advantages of 4D echocardiography are: 

a) rendering the left ventricle cavity providing information on ventricular size and contractility (Fig. 27 video 24). 

 

Figure 27: (video 24) Rendering of the four chamber view of a fetus with aortic coarctation. Note the small dimension of the 
left ventricle (lv) despite the normal size of aorta (ao) 

b) to obtain an absolute quantification of ventricular volume and stroke volume by using VOCAL or sonoAVC 
software [7,8,10] as already reported for aortic stenosis. 

c) easier identification of atrial and ventricular septal defects by using TUI technique [11] (see aortic stenosis) 

d) reconstruction of the aortic arch by using either multiplanar display or B flow technique [14] (Fig. 28 video 25). 

 

Figure 28: (video 25) Reconstruction of the aortic arch with rendering technique using B-flow technique. Note the narrowing 
(arrow) of the aortic arch 

Interrupted Aortic Arch 

It is a rare anomaly of the aortic arch accounting for < 5% of all arch anomalies and it is divided in 3 types 
according to the position of the interruption:  

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/91/cap13video23.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/92/cap13video24.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/92/cap13video24.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/93/cap13video25.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/93/cap13video25.mov
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1)type A in which the lesion is between the left subclavian artery and descending aorta and it appears as a severe 
form of aortic coarctation. 

2) type B in which there is interruption between the left common carotid artery and the left subclavian artery 

3) type C in which the interruption is between the innominate artery and the left common carotid artery and it is an 
extremely uncommon form 

Type B is the most common disease and it is usually characterized by a disproportion of ventricular size (Fig. 29 
video 26). Usually a malalignment ventricular septal defect is present.  

The aorta is of reduces size with straight direction and characterized by a V shape bifurcation in the innominate 
artery (brachiocephalic arterY9 and the left common carotid artery [15] (Fig. 30 video 27). 

 

Figure 29: (video 26) Evident disproportion between left (lv) and right ventricle in a case with interrupted aortic arch type B. 

 

Figure 30: (video 27) Same fetus of figure 29. The aorta (ao) appear straight and branches in the innominate (ia) and left 
common carotid (lc) arteries. 

Microdeletion of chromosome 22q11 is associated up to 75% of cases with type B interrupted aortic arch [16]. 

The advantages of 4D echoardiography are: 

a) rendering the 4 chamber of the fetal heart as already show for aortic stenosis and coarctation 

b) providing a topographic visualization of the malalignment ventricular septal defect and of its sizes (Fig. 31 video 28) 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/94/cap13video26.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/94/cap13video26.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/95/cap13video27.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/95/cap13video27.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/96/cap13video28.mov
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Figure 31: (video 28) “Enface” view of the ventricular septum (vs) in a fetus with interrupted aortic arch type B showing the 
malalignment ventricular septal defect (vsd). 

c) reconstruction of the arch with B-flow technique (Fig. 32 video 29). 

 

Figure 32: (video 29) Reconstruction of the aortic arch with rendering technique using B-flow technique in the same fetus of 
Fig. 30. The aorta (ao) appear straight and branches in the innominate (ia) and left common carotid (lc) arteries. 

Right Aortic Arch 

It is characterized by an aortic arch that courses to the right side of the trachea and arches around the proximal part 
of the right main bronchus. It occurs in about 0.1% of newborns [18]. 

The diagnosis is done from the 3 vessel and trachea view [18] were the trachea appears between the aorta and the 
pulmonary artery instead of being on the right side of aorta. (Fig. 33 video 30). 

 

Figure 33: video 30 3 vessel and trachea view of a fetus with right aortic arch. The trachea (tr) is between the pulmonary artery 
(pa) and aorta (ao) 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/96/cap13video28.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/97/cap13video29.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/97/cap13video29.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/98/cap13video30.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/98/cap13video30.mov
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The right aortic arch is frequently associated with other CHD including tetralogy of Fallot, and truncus arteriosus. 
Less frequently is associated with tricuspid atresia, transposition of great artery and ventricular septal defects [17]. 

Chromosome 22q11 microdeletion are frequent and right aortic arch may be the only cardiac sign present. When an 
aberrant subclavian artery is present there is also an increased risk of trisomy 21 [17]. 

4D echocardiography provides the following advantages: 

a) allowing a multiplanar display showing the spatial relationship between the trachea and the great vessels (Fig. 34 
video 31) 

b) allowing an easier identification of aberrant vessel such as the right subclavian artery by using the TUI technique 
in volume acquired with color Doppler function (Fig. 35, video 32) 

c) rendering and demonstrating the presence of vascular rings around the trachea (Fig. 36, 37, 38, video 33, video 
34, video 35) 

 

Figure 34: (video 31) Multiplanar display of a fetus with right aortic arch. The dot is placed on the fetal trachea (tr) 

 

Figure 35: (video 32) Display of aberrant right subclavian artery (arrow) by using the TUI technique 

http://dspace.uniroma2.it/dspace/bitstream/2108/1188/99/cap13video31.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/100/cap13video32.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/101/cap13video33.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/102/cap13video34.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/103/cap13video35.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/99/cap13video31.mov
http://dspace.uniroma2.it/dspace/bitstream/2108/1188/100/cap13video32.mov
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Figure 36: (video 33) Example of vascular ring with the vascular encirclement of the trachea (tr)  

 

Figure 37: (video 34) Glass body display of the same fetus of Fig. 36 

 

Figure 38: (video 35) Glass body display of the same fetus of Fig. 36 
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