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Introduction 
Tricuspid valve lesions are commonly encountered in patients with functional single ventricle, a complex 

congenital heart defect where only one ventricle is able to effectively pump blood to the body (1). The 

tricuspid valve, which controls blood flow from the right atrium to the right ventricle, can become 

dysfunctional in these patients (2). 

Defects in the atrial septum, which separates the right and left atria, can also contribute to tricuspid valve 

dysfunction in single ventricle patients.  The position and size of septal defects within the oval fossa can 
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impact the anatomy and function of the tricuspid valve, making it challenging to achieve an effective repair.  

Furthermore, the presence of a thick Eustachian valve or displacement of the oval fossa can further 

complicate the anatomy and limit options for transcatheter closure of septal defects (3). 

In cases of FSV with tricuspid valve lesion a Univentricular connection is present: when the atria are 

connected predominantly with one ventricular chamber due to absence of one AV valve (tricuspid valve) or 

the presence of two valves or a common valve predominately draining in one ventricle of left ventricular 

morphology (double inlet connection). In both conditions, the left ventricle is of good size and the right 

ventricle is hypoplastic, missing the inlet portion, and the two ventricular cavities are separated by an 

interventricular septum (2).  

These lesions include tricuspid atresia occur in about 1 per 10,000 live births. Ebstein anomaly occurs in 

about 0.5 per 10,000 live births with gender predilection. However, with the maternal use of lithium, the 

Ebstein anomaly can increase nearly seven-fold. Double inlet left ventricle occurs in up to 0.01 per 10,000 live 

births. Atrioventricular canal defect occurs in 0.03 to 0.04 per 10,000 live births (4). 

Echocardiography as well as cardiac catheterization are common cardiac imaging modalities. Both modalities 

have drawbacks; Echocardiography includes operator dependence, limited acoustic shadows, a small field of 

view, and poor evaluation of pulmonary veins. Cardiac catheterization includes the overlapping of great 

vessels, difficulty in demonstrating systemic and pulmonary vessels at the same time, catheter-related 

complications, high doses of iodinated contrast material and ionizing radiation. Cardiac computed 

tomography (CT) can overcome these limitations (5). 

Multidetector computed tomography (MDCT) has recently expanded as advanced imaging modality for 

structural heart disease imaging (6). The 3-dimensional reconstruction of cardiac anatomy is cornerstone in 

diagnosis of congenital heart diseases which is limited in other imaging modalities (7). 

We aimed to Accurately delineate the tricuspid valve lesions associated with functional single ventricle. 

Embryology of the heart 

     The heart is the first organ to form and become functional, emphasizing the importance of transport of 

material to and from the developing infant. It originates about day 18 or 19 from the mesoderm and begins 

beating and pumping blood about day 21 or 22. It forms from the cardiogenic region near the head and is 

visible as a prominent heart bulge on the surface of the embryo. Originally, it consists of a pair of strands 

called cardiogenic cords that quickly form a hollow lumen and are referred to as endocardial tubes. These 

then fuse into a single heart tube and differentiate into the truncus arteriosus, bulbus cordis, primitive 

ventricle, primitive atrium, and sinus venosus, starting about day 22. (8) 

     The heart tube continues to elongate and begins looping at around day 23 of development. The bulbus 

cordis moves ventrally, caudally, and to the right (forward, down and right), and the caudal portion – the 

primitive ventricle – moves dorsally, cranially and to the left (backwards, up and left). This process produces 

a shape that is much closer to the fully developed heart. (9) 

      Disturbances will lead to abnormal looping that can vary from random, anterior to leftward looping 

resulting in: abnormal atrial situs (situs inversus or isomerism), dextrocardia, and ventricular inversion. It is 

important to realize that only the atria of the heart may present with isomerism, whereas the ventricles never 

show heterotaxia patterns.(10) 

     The five regions of the primitive heart tube develop into recognizable structures in a fully developed heart: 

(fig.1). 

1. The truncus arteriosus will eventually divide and give rise to the ascending aorta and pulmonary 

trunk.  

2. The bulbus cordis develops into the trabeculated part of right ventricle and smooth outflow tracts.  

3. The primitive ventricle forms the left ventricle; however, the primitive ventricle is separated from 

the next expansion (i.e., the bulbus cordis) by the bulbo-ventricular sulcus; the latter segment will 

form much of the right ventricle.  
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4. The primitive atrium becomes the anterior portions of both the right and left atria, and the two 

auricles.  

5. The sinus venosus is originally formed of two horns, right and left. The right horn grows larger than 

the left horn. As the heart develops, the sinus venosus gets integrated into the wall of the right atrium 

as posterior smooth portion of the right atrium (sinus venarum). The rest of the internal surface of 

the right atrium and auricle has a thicker, trabeculated appearance; originate from the primordial 

atrium. The transition from the smooth to the rough internal surface of the right atrium is 

demarcated on the inside of the atrium by a ridge called the crista terminalis, and on the outside by a 

groove called the sulcus terminalis.  The smaller left horn develops into the coronary sinus. (11) 

 
Figure 1: heart tube formation and looping process. (J. Gordon Betts, 2013) 

The Primordial Heart Septation: 

     Partitioning of the AV canal, primordial atrium, ventricle, and outflow tract begins during the middle of the 

fourth week. Partitioning is essentially completed by the end of the 8th week. 

1. Septation of the AV canal: 

     At the end of the fourth week, two mesenchymal cushions, the atrioventricular endocardial cushions, 

appear at the superior and inferior borders of the atrioventricular canal. As well as the two lateral 

atrioventricular cushions appear on the right and left borders of the canal. The superior and inferior cushions, 

in the meantime, project further into the lumen and fuse, resulting in a complete division of the canal into 

right and left atrioventricular orifices by the end of the fifth week (Fig. 2). (12) 

 
Figure 2 formation of septum in atrioventricular canal. (Morphologia, 2019) 

2. Septation of the primordial ventricle: 



Nada Abozaid Elsayed Abozaid/ Afr.J.Bio.Sc. 6(2) (2024)                                                                     Page 1420 of 16 

 

 
 

     Minor trabeculations appear during early development of the primordial ventricle. Following growth of the 

ventricles further trabeculations appear and grow as larger, muscular structures. Some researchers believe 

that as the trabeculations grow they coalesce resulting in the formation of the ventricular septum. However, 

the more commonly described theory of septation begins with the appearance of a primordial muscular 

interventricular (IV) ridge developing in the floor of the ventricle near the apex. As either side of the ventricle 

grows and dilates, their medial walls fuse forming the prominent IV septum. The foramen located between 

the cranial portion of the IV septum and the endocardial cushions: the IV foramen, closes by the end of the 

seventh week as the bulbar ridges (formed by active proliferation of neural crest cells and continuous in 

truncus arteriosus) fuse with the endocardial cushions, forming the membranous IVS. 

The mature heart at 9 weeks’ gestation shows the following structures: (13) 

1. A venous pole that is now connected to systemic veins from the upper body (superior vena cava), lower 

body (inferior vena cava), liver (hepatic veins), and coronary circulation (coronary sinus), all of which pass 

into the right atrium.  

2. A separate left atrium, connected to the venous system separately by ingrowth of pulmonary veins from the 

lungs.  

3. An atrioventricular canal that begins as a single unrestricted opening and septates into two atrioventricular 

valves. The tricuspid valve opens from right atrium into right ventricle, and the mitral valve opens from left 

atrium to left ventricle.  

4. A primitive ventricular segment that has grown in cell number and by cell hypertrophy into two distinct 

and separate chambers, a right and left ventricle. By processes known as compaction and trabeculation, the 

working myocardium of each ventricle has become highly organized and adapted to the unique requirement 

of a pulmonary (right) or systemic (left) ventricle.  

5. An arterial pole that has separated in a spiral fashion to create two separate outflow tracts of the heart. The 

right ventricle retains the proximal part of the original bulbus cordis connection as the conus; thus, its 

structure differs from that of the left ventricle. 

Anatomy of the heart: 

     The heart has the shape of a pyramid, with its apex pointing towards the left nipple while its base forms the 

posterior surface of the heart. Other surfaces are the anterior, inferior (or diaphragmatic), and two 

pulmonary surfaces facing the lungs. Its primary role is to receive the blood from the body, pump it to the 

lungs to be oxygenated, and receive it once more to pump it again to the rest of the human body tissues. The 

right side of the heart (which consists of the right atrium and the right ventricle) receives the desaturated 

blood, while the left side (consisting of the left atrium and left ventricle) receives the oxygenated blood. (14) 

     The pericardium is a thick membrane that covers the heart. It consists of two layers: the fibrous 

pericardium and the serous pericardium. The serous pericardium is thin and covers the heart, also called the 

epicardium. The fibrous pericardium is much thicker. Together they form the pericardial cavity, a thin sac 

hosting a small amount of fluid. (15) 

     The heart has four chambers: the left and right atriums and the left and right ventricles. They form a 

shallow groove at the line of their junction, which form the atrioventricular groove. The atrioventricular 

groove hosts major coronary arteries while they travel along to the line of attachment of atrioventricular 

valves. The right and left ventricles are separated by a septum, which corresponds to the interventricular 

grooves that travel from the posterior to the anterior surface of the heart. 

 CT anatomy of the Ventricles: 

1. Right ventricle: 

° The right ventricle is shaped differently to the left ventricle: the left ventricle is cylindrical in shape 

and the cavity of the right ventricle is effectively wrapped around it. The right ventricle also has a 

thinner wall which is more trabecularized, especially towards the apex. 

° It consists of an inlet portion that receives blood from the right atrium through the tricuspid valve 

and a muscular outlet portion (infundibulum) that pumps the blood to the pulmonary artery. (14) 

https://en.wikipedia.org/wiki/Anatomical_terms_of_location#Anterior_and_posterior
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° The moderator band is another distinguishing feature of the right ventricle. It runs from the 

septum to the lateral wall of the right ventricle (Fig. 2) 

° Crista supraventricularis is a muscular ridge within the right ventricle of the heart. It is located 

between the tricuspid and pulmonic valves, at the junction of the right ventricular anterior (free) 

wall and the interventricular septum (Fig. 3). (16) 

 
Figure 3: Axial (left) and sagittal oblique (right) reconstructions showing the right ventricle. The blue arrows 

indicate the moderator band. RA=right atrium, RV=right ventricle, LV=left ventricle. 

 
Figure 4: Reconstruction showing the tricuspid (TV) and pulmonary (PV) valves as well as the cavity of the right 

ventricle (RV). The blue arrow indicates the crista supraventricularis.  

Left ventricle: 

° The left ventricle is made of thick muscle walls because a lot of power is needed to push blood to the 

arterial system of the body.  

° It is conical in shape, and it is longer than the right ventricle in length. 

° It also occupies part of the anterior (sternocostal), inferior (diaphragmatic), and left wall of heart. 

° The left ventricle forms the apex of the heart, and it receives blood from the left atrium through the 

mitral valve and pumps it to the body through the aortic valve (Fig. 4). 

° It consists of an inlet portion (ostium venosum), an outlet portion (ostium arteriosum), and an 

apical portion. The apical portion is conical and consists of fine trabeculations. (14) 

° The left ventricle has a uniform thickness, varying end-diastolically from 0.6 to 1.0 cm. (17) 
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Figure 5: 3-chamber view (middle) and coronal reconstruction (right) of the heart illustrating the relationships 

between the left atrium, ventricle, and aortic root. LA=left atrium, Ao=aorta, LV=left ventricle. (Willems et 

al,2009). 

2. There are several characteristics which are specific for the right ventricle and are useful in 

distinguishing the right from the left ventricle: (18) 

a. The infundibulum:  

i. The infundibulum is a term that indicates the right ventricular outlet, which is a 

smooth muscular structure (also known as the conus or muscular conus). 

The supraventricular crest is a prominent muscular structure that forms the 

posterior wall of the RV outlet and separates the inlet from the outlet components of 

RV. The tricuspid and pulmonary valves are widely separated by this muscular wall. 

(19) 

ii. The left ventricular outlet is partially fibrous due to the aortic-mitral fibrous 

continuity. The aortic and mitral valves are adjacent to each other and connected by 

a fibrous band. 

b. Tricuspid valve apparatus:  

i.  The tricuspid valve apparatus has three leaflets and three papillary muscles; the 

papillary muscles are attached to both the interventricular septum and the free wall 

of the right ventricle. The tricuspid valve is identified by its caudal location below 

the membranous septum. 

ii. The mitral valve apparatus consists of an annulus and two leaflets, which connect to 

two papillary muscles via cord-like tendons called chordae tendineae. The papillary 

muscles insert only on the free lateral wall of the left ventricle. (not on the septum). 

c. Apical trabeculations: 

i. The characteristics of the internal trabeculae of the ventricles also help to 

differentiate between the right and left ventricles. The right ventricular 

trabeculations are coarse. 

ii. The left ventricular trabeculations are thinner, delicate structures. 

d. Moderator band: The moderator band is another distinguishing feature of the right ventricle. 

It extends from the septum to the free lateral wall of the right ventricle and contains part of 
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the right bundle branch of the cardiac conduction system, which plays a role in the 

electrophysiologic conduction of the right ventricle’s free wall. 

Table 1: The characteristics that differentiate the right from the left ventricle Ventricular differentiation: 

Right ventricle Left ventricle 

Presence of the infundibulum. Partially fibrous ventricular outlet. 

Associated with the tricuspid valve and tricuspid 

valve apparatus. 

Associated with the mitral valve and mitral valve 

apparatus. 

Course trabeculations. Fine trabeculations. 

Presence of the moderator band. Absence of moderator band. 

Thinner walls. Thick walls. 

 

3. Segmentation of the left ventricle:  

All methods of cardiac imaging, from ventriculography to scintigraphy, subdivide the left ventricle into a 

series of slices or segments. The resolution of the segmental approach is a function of the number of 

segments; thus, it can range from 20% (in the 5-segment model) to 5% (in the 20-segment model). However, 

increasing the number of segments, and thus reducing their size, leads to an unacceptable complication in the 

analysis with a greater need for approximation and interpolation. A reasonable trade-off between accuracy 

and feasibility is represented by the 16-segment model proposed by the American Heart Association, recently 

modified to include the 17th segment, i.e., the true apex. (20) 

 

17-Segment Model (AHA) 

Left Ventricle Segmentation Procedure 

     The muscle and cavity of the left ventricle can be divided into a variable number of segments. Based on 

autopsy data the AHA recommends a division into 17 segments for the regional analysis of left ventricular 

function or myocardial perfusion: (Fig. 5) (21) 

 The left ventricle is divided into equal thirds perpendicular to the long axis of the heart. This 

generates three circular sections of the left ventricle named basal, mid-cavity, and apical. Only slices 

containing myocardium in all 360° are included.  

 The basal part is divided into six segments of 60° each. The segment nomenclature along the 

circumference is: basal anterior, basal anteroseptal, basal infero-septal, basal inferior, basal 

inferolateral, and basal anterolateral. The attachment of the right ventricular wall to the left ventricle 

can be used to identify the septum. 

 Similarly, the mid-cavity part is divided into six 60° segments called mid anterior, mid 

anteroseptal, mid infero-septal, mid inferior, mid inferolateral, and mid anterolateral. 

 Only four segments of 90° each are used for the apex because of the myocardial tapering. The 

segment names are apical anterior, apical septal, apical inferior, and apical lateral. 

 The apical cap represents the true muscle at the extreme tip of the ventricle where there is no longer 

cavity present. This segment is called the apex. 
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Figure 6:Diagram of vertical long-axis (VLA, approximating the 2-chamber view), horizontal long-axis (HLA, 

approximating the 4-chamber view), and short-axis (SA) planes showing the name, location, and anatomic 

landmarks for selection of the basal (tips of the mitral valve leaflets), mid-cavity (papillary muscles), and apical 

(beyond papillary muscles but before cavity ends) short-axis slices for the recommended 17-segment system. 

(Cerqueira, Weissman et al. 2002). 

Polar Plots 

     If functional values have been obtained in the 17 cardiac segments by some quantification method, they 

can be arranged as a polar plot with the: 

 apex in the center, 

 the four apical segments as a first ring, 

 the six mid-cavity segments as the second ring, 

 and the six apical segments as the outermost ring. 

     Such an arrangement makes it easy to compare the outcome in different conditions (eg. rest/stress) or 

between patients. The arrangement together with numbers identifying the cardiac segments is illustrated 

below (Fig. 6). 
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Figure 7: Diagram displaying a circumferential polar plot, of the 17 myocardial segments. 

Table 2: The17 segments of left ventricle: 

  Basal Segments   Mid-cavity Segments   Apical Segments 

1. basal anterior 7. mid anterior 13. apical anterior 

2. basal anteroseptal 8. mid anteroseptal 14. apical septal 

3. basal infero-septal 9. mid infero-septal 15. apical inferior 

4. basal inferior 10. mid inferior 16. apical lateral 

5. basal inferolateral 11. mid inferolateral 17. apex 

6. basal anterolateral 12. mid anterolateral     

 

The relative contribution of the basal, mid-cavity, and apical segments are 35% (6/17), 35% (6/17), and 30% 

(5/17), respectively. 

Coronary Artery Territories 

  The AHA guidelines emphasize that there is a "tremendous variability in the coronary artery blood supply to 

myocardial segments". The greatest variability occurs at the apical cap, which can be supplied by any of the 

three arteries. With the recognition of the anatomic variability the individual segments may be assigned to 

specific coronary artery territories as follows: (Fig.7). (21) 
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Figure 8: Assignment of the 17 myocardial segments to the territories of the left anterior descending (LAD), 

right coronary artery (RCA), and the left circumflex coronary artery (LCX). (Cerqueira, Weissman et al. 2002). 

 

     The 17-segment model meets the basic requirements of any reasonable segmentation: it is simple enough 

to be employed in practice; it has an anatomical basis; there is good correspondence with the distribution of 

coronary arteries. There are at least two good reasons to accept the 17-segment system, updating the 16-

segment system. First, the 16-segment system did not include a true apical myocardial segment devoid of 

cavity – with the development of echocardiographic contrast agents for the assessment of myocardial 

perfusion, the myocardial apex segment or apical cap beyond the left ventricular cavity becomes pertinent, 

and a 17-segment model may become more appropriate for both the assessment of wall motion and 

myocardial perfusion with echocardiography. The second – and more important – reason to adopt the 17-

segment model is that it proposes a standardized myocardial segmentation and nomenclature for 

tomographic imaging of the heart that is shared by all imaging modalities: nuclear cardiology, cardiovascular 

magnetic resonance, cardiac computed tomography, positron emission tomography, and coronary 

angiography. (20) 

 Cardiac valves: 

     They are specialized flap or cusp-like structures, located on each end of the two ventricles that maintain 

the directed one-way flow of the blood inside the heart. Normal valves have three flaps, except the mitral 

valve, which has two flaps. The mitral and tricuspid atrio-ventricular (AV) valves separate the atria from the 

ventricles, whereas the aortic and pulmonary semilunar (SL) valves separate the ventricles from the great 

arteries. (22) 

1. Tricuspid valve:  

° The tricuspid valve is located posteriorly and to the right of the aortic valve. 

° The tricuspid valve complex consists of the tricuspid annulus, tricuspid valve leaflets, chordae 

tendineae, and papillary muscles.  

° There are three tricuspid valve leaflets: the anterior, posterior, and septal leaflets. 

° The tricuspid valve leaflets attach to papillary muscles (three papillary muscles: anterior, posterior, 

and septal papillary muscles) via the chordae tendineae. 

° During ventricular diastole, the tricuspid valve leaflets open to allow blood flow from the right atrial 

chamber into the right ventricular chamber. During ventricular diastole, the tricuspid valve leaflets 

close to prevent regurgitated blood flow into the right atrial chamber (Fig. 8). (14) 
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Figure 9: Horizontal long-axis MPR image shows the left ventricle (LV), right ventricle (RV), left atrium (LA), 

right atrium (RA), mitral valve (MV: black arrow), tricuspid valve (white arrow). (O’Brien et al, 2007) (23). 

Functional Single Ventricle (FSV): 

A congenital heart disease is defined as a structural abnormality of the heart and (or) great vessels that is 

present at birth (24). Congenital heart disease is the most common congenital anomaly, occurring in almost 

1% of live births. (25) 

Functional single ventricle, or functionally univentricular heart, refers to a group of patients with congenital 

cardiac malformations with one ventricle being small, incomplete, underdeveloped and/or functionally 

inadequate. (26) 

Pathology of Functional single ventricle: 

     Normally the vena caval blood is emptied into the right atrium (RA), and from there is passed on to the RV, 

and pulmonary artery (PA) and is transported into the lungs for oxygenation. From there, it is returned to the 

LA, LV, and aorta and is passed on to the body for delivery of oxygen and nutrients. The resultant systemic 

arterial saturation is ≥96%. The blood is returned back to the vena cavae, and the cycle is repeated. (Fig. 9A). 

     By contrast, in babies with single ventricle, the systemic (SBF) and pulmonary (PBF) blood flow returns 

mix with each other in the single functioning ventricle with consequent lower systemic oxygen saturations. 

The single ventricle then provides both the SBF and PBF. This admixture in the single ventricle causes 

systemic arterial oxygen desaturation. The O2 saturations vary between 75% and 85%, depending upon the 

quantity of PBF and pulmonary to systemic flow ratio (Qp:Qs). (Fig. 9).(1) 

Figure 9: Diagram showing: A) normal circulation, B) Single ventricle circulation. (Rao 2021). 
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Image findings of tricuspid valve lesions in functional single ventricle: 

1. Hypoplastic right heart syndrome (HRHS): 

     HRHS is not a commonly used generic term like hypoplastic left heart syndrome. Hypoplastic right heart 

syndrome (HRHS) is characterized by under-development of the tricuspid and/or pulmonary valves and of 

the right ventricle (RV) and pulmonary artery with right to left shunting through inter-atrial communication. 

The extreme forms are associated with tricuspid and/or pulmonary atresia. There may be other multiple 

associated congenital cardiac defects. The more common variety i.e. tricuspid atresia. (27). 

A case of 2-weak-old female child presented with cyanosis, lethargy, difficult breathing, and poor feeding. 

Clinical examination revealed abnormal heart murmurs and decreased O2 saturation. (Figure 10). 

 
Figure 10: Hypoplastic right heart syndrome with functional single ventricle of left ventricular morphology 

  

A B 

C 

D 

E 
F 
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A. Axial oblique MIP image of 4-chamber view shows enlarged right atrium (RA) with wide 

ASD, tricuspid valve (TV) stenosis, hypo-plastic right ventricle (RV) and hypertrophied left 

ventricle (LV). 

B. Sagittal MIP image show atretic main pulmonary artery (MPA atresia) arising from 

hypoplastic right ventricle (RV). 

C. Sagittal Oblique MIP image shows straight PDA supplying right pulmonary artery (RPA). 

D. 3D volume rendering (VR) image (Posterior view) shows normal branching of the left 

sided aortic arch, PDA arising from inferior surface of aortic arch to confluent right and left 

pulmonary arteries. 

E. Short axis view shows double chambered hypoplastic right ventricle (DCRV). 

F. Short axis view shows left ventricular non -compaction with non-compaction/compaction 

(NC/C) ration =2.85 at diastolic phase. 

2. Tricuspid atresia (TA): 

     CT has proven to be an excellent imaging modality to determine the anatomic features of tricuspid atresia. 

The classic finding is fatty tissue between the right atrium and the right ventricle in the expected location of 

the tricuspid valve, a small right ventricle, right atrial and left ventricular enlargement. Other features include 

atrial and/or ventricular septal defects. (Fig. 11). (28) 

- Etiology: Tricuspid atresiaoccurs due to the disruption of the normal development of the 

atrioventricular valves from the endocardial cushion. (29) 

- Classification: TA is classified based on the associate abnormalities, and it was proposed by Rao: 

(30) 

•Type I: Normally related great arteries. 

•Type II: D-transposition of the great arteries (TGA). 

•Type III: Other than type II malposition of the great arteries. 

•Type IV: Persistent truncus arteriosus. 

- Each type can be further subdivided into three types according to the pulmonary arteries’ status: 

•Subtype a: Pulmonary atresia.  

•Subtype b: Pulmonary stenosis or pulmonary hypoplasia.  

•Subtype c: Normal anatomy of the pulmonary arteries. 

 
Figure 11: Cardiac CT axial images shows: (a) ASD (black star) and presence of fat in AV right groove (Black 

arrow). (b) Restrictive VSD (black arrow) and hypoplastic right ventricle. (Nagulakonda and Malhi 2023). 
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3. Ebstein’s Anomaly of the Tricuspid Valve: 

     Ebstein anomaly is easily detected by CT. Imaging findings include a large right atrium proper, a dilated 

atrialized right ventricle, a small true right ventricle along with apical displacement of the septal leaflet of the 

tricuspid valve, and a “sail-like” anterior tricuspid valve leaflet deformity. The atrialized ventricular wall may 

be thinner than the distal functional right ventricle, and the heart may rotate posteriorly into the left 

hemithorax with bulging of the ventricles posteriorly. An atrial septal defect is an associated finding. 

(18)(Fig. 12) 

 
Figure 10: Ebstein anomaly, (a) is an axial tomogram showing marked apical displacement of the septal 

tricuspid leaflet (arrows) resulting in atrialization of the right ventricle (ARV). (b) is an axial cut at a more 

superior level demonstrating an atrial septal defect LA with contrast-enhanced blood (arrow) flowing into the 

left atrium (LA) from the right atrium (RA). SVC superior vena cava, RV rightventricleproper. (Mazur, Siegel et 

al. 2013). 

4. Unbalanced atrio-ventricular defect: 

Cases of common AV canal in which there is marked discrepancy in the amount of attachment of the common 

valve to the two ventricles are designated as unbalanced AV canal. Frequently the ventricle with fewer 

attachments is also hypoplastic which could be of right or left ventricular morphology, but this is not 

necessarily the case. In fact, even when both ventricles are normal in size, if the canal is significantly 

unbalanced (i.e. minimal attachment of the valve to one ventricle) this will still be a functional single 

ventricle, since the ventricle receiving few attachments cannot function independently because the inflow 

cannot be enlarged (Fig. 13). (31). 
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Figure 11: Axial CT images show presence of unbalanced AVSD with RV larger than LV. (Right dominant). 

(Nagulakonda and Malhi 2023). 

5. Double inlet ventricle: is the condition in which both atria are predominantly connected to one 

ventricle. The mode of atrioventricular connection can be through two atrioventricular valves or a 

common valve (Fig. 14). In the most common form, both atria connect to a dominant left ventricle in 

the presence of an anteriorly situated rudimentary right ventricle. However, the dominant ventricle 

may also be a right ventricle with a posterior rudimentary left ventricle or a solitary indeterminate 

ventricle. (32) 

 
Figure 14: Cardiac CT axial view showing double-inlet ventricle with both atrioventricular valves (arrows) 

communicating with common ventricle. RA right atrium, LA left atrium, V common ventricle. (Kharouf and 

Adebo 2021). 

a. Double inlet left ventricle (DILV): is the majority of double inlet ventricle cases: (33) 

 Both AV valves empty into a large ventricle of LV morphology, and there is generally a smaller RV 

outflow chamber located anteriorly. In most cases of DILV, it is very difficult to determine which AV 

valve is tricuspid, and which is mitral.  

 There are three general classes of DILV in the series of single ventricles analyzed by Van 

Praagh et al:  

i. L-transposed great arteries; the most frequent (38%).  

ii. D-transposed great arteries; 2nd most common (25%): the aorta arising 

from a rightward, RV outflow chamber. 

iii. Normally related great arteries; the least common (15%). Also known as 

Holmes’ heart. 

 

References: 

1.Rao PS. Single Ventricle-A Comprehensive Review. Children (Basel, Switzerland). 2021;8(6). 
2.Frescura C, Thiene G. The new concept of univentricular heart. Frontiers in pediatrics. 2014;2:62. 
3.Naqvi N, McCarthy KP, Ho SY. Anatomy of the atrial septum and interatrial communications. Journal of thoracic 

disease. 2018;10(Suppl 24):S2837-s47. 
4.Heaton J, Heller D. Single Ventricle.  StatPearls. Treasure Island (FL): StatPearls Publishing 
Copyright © 2022, StatPearls Publishing LLC.; 2022. 
5.Yang JC, Lin MT, Jaw FS, Chen SJ, Wang JK, Shih TT, et al. Trends in the utilization of computed tomography and cardiac 

catheterization among children with congenital heart disease. Journal of the Formosan Medical Association = 
Taiwan yizhi. 2015;114(11):1061-8. 

6.Hager A, Kaemmerer H, Eicken A, Fratz S, Hess J. Long-term survival of patients with univentricular heart not treated 
surgically. The Journal of Thoracic and Cardiovascular Surgery. 2002;123(6):1214-7. 



Nada Abozaid Elsayed Abozaid/ Afr.J.Bio.Sc. 6(2) (2024)                                                                     Page 1432 of 16 

 

 
 

7.Vora K. Single Ventricle Physiology with Double Outlet and TGA: 3D Cardiac MDCT as a Picture-Perfect Diagnostic 
Modality. Medical Journal of Clinical Trials & Case Studies. 2022;6. 

8.J. Gordon Betts KAY, James A. Wise, Eddie Johnson, Brandon Poe, Dean H. Kruse, Oksana Korol, Jody E. Johnson, Mark 
Womble, Peter DeSaix. Anatomy and Physiology: OpenStax; 2013 Apr 25, 2013  

9.Speller J. Development of the Cardiovascular System 2022 [updated May 8, 2022]. Available from: 
https://teachmeanatomy.info/the-basics/embryology/cardiovascular-system/. 

10.Gittenberger-de Groot AC, Bartelings MM, Deruiter MC, Poelmann RE. Basics of cardiac development for the 
understanding of congenital heart malformations. Pediatric research. 2005;57(2):169-76. 

11.Anderson RH, Webb S, Brown NA, Lamers W, Moorman A. Development of the heart: (2) Septation of the atriums and 
ventricles. Heart (British Cardiac Society). 2003;89(8):949-58. 

12.Morphologia E. Langman's Medical Embryology. 14th Edition, 2018 Author: T.W. Sadler. Morphologia. 2019;13:90-6. 
13.Baldwin HS, Dees E. Chapter 50 - Embryology and Physiology of the Cardiovascular System. In: Gleason CA, Devaskar 

SU, editors. Avery's Diseases of the Newborn (Ninth Edition). Philadelpia: W.B. Saunders; 2012. p. 699-713. 
14.Standring S. Gray's Anatomy: The Anatomical Basis of Clinical Practice: Elsevier Limited; 2016. 
15.Townsend CM, Sabiston DC. Sabiston Textbook of Surgery: The Biological Basis of Modern Surgical Practice: W.B. 

Saunders; 2001. 
16.James TN. Anatomy of the crista supraventricularis: Its importance for understanding right ventricular function, 

right ventricular infarction and related conditions. Journal of the American College of Cardiology. 1985;6(5):1083-
95. 

17.Hazewinkel TWaM. Cardiac Anatomy. 
 radiology assistant.2009. 
18.Mazur W, Siegel MJ, Miszalski-Jamka T, Pelberg R. CT Atlas of Adult Congenital Heart Disease: Springer London; 

2013. 
19.Faletra FF, Leo LA, Paiocchi VL, Schlossbauer SA, Pedrazzini G, Moccetti T, et al. The Left and Right Ventricles. In: 

Faletra FF, Narula J, Ho SY, editors. Atlas of Non-Invasive Imaging in Cardiac Anatomy. Cham: Springer International 
Publishing; 2020. p. 83-105. 

20.Picano E. Segmentation of the Left Ventricle. In: Picano E, editor. Stress Echocardiography: Fifth, Completely Revised 
and Updated Edition. Berlin, Heidelberg: Springer Berlin Heidelberg; 2009. p. 91-104. 

21.Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et al. Standardized Myocardial Segmentation 
and Nomenclature for Tomographic Imaging of the Heart. Circulation. 2002;105(4):539-42. 

22.Anderson RH, Ho SY, Becker AE. Anatomy of the human atrioventricular junctions revisited. The Anatomical record. 
2000;260(1):81-91. 

23.O'Brien JP, Srichai MB, Hecht EM, Kim DC, Jacobs JE. Anatomy of the heart at multidetector CT: what the radiologist 
needs to know. Radiographics. 2007;27(6):1569-82. 

24.Liu Y, Chen S, Zühlke L, Black GC, Choy MK, Li N, et al. Global birth prevalence of congenital heart defects 1970-2017: 
updated systematic review and meta-analysis of 260 studies. International journal of epidemiology. 
2019;48(2):455-63. 

25.Reller MD, Strickland MJ, Riehle-Colarusso T, Mahle WT, Correa A. Prevalence of congenital heart defects in 
metropolitan Atlanta, 1998-2005. The Journal of pediatrics. 2008;153(6):807-13. 

26.Wilkinson JL, Anderson RH. Anatomy of Functionally Single Ventricle. World Journal for Pediatric and Congenital 
Heart Surgery. 2012;3(2):159-64. 

27.Mohan JC, Mohan V, Shukla M, Sethi A. Hypoplastic right heart syndrome, absent pulmonary valve, and non-
compacted left ventricle in an adult. Indian heart journal. 2016;68 Suppl 2(Suppl 2):S229-s32. 

28.Nagulakonda S, Malhi AS. Imaging in Tricuspid Atresia. In: Sharma S, editor. Case-based Atlas of Cardiac Imaging. 
Singapore: Springer Nature Singapore; 2023. p. 97-111. 

29.Minocha PK, Horenstein MS, Phoon C. Tricuspid Atresia.  StatPearls. Treasure Island (FL) ineligible companies. 
Disclosure: Maria Horenstein declares no relevant financial relationships with ineligible companies. Disclosure: 
Colin Phoon declares no relevant financial relationships with ineligible companies.: StatPearls Publishing 

Copyright © 2024, StatPearls Publishing LLC.; 2024. 
30.Otountzidis N, Tsagkaris C. Tricuspid Atresia. In: Tagarakis G, GheniSarfan A, Hashim HT, Varney J, editors. Clinical 

and Surgical Aspects of Congenital Heart Diseases : Text and Study Guide. Cham: Springer International Publishing; 
2023. p. 61-8. 

31.Weinberg PM. Morphology of single ventricle. Progress in Pediatric Cardiology. 2002;16(1):1-9. 
32.Kharouf R, Adebo DA. Atrioventricular Connections: Double-Inlet VentricleDouble Inlet Ventricle, Atrioventricular 

Discordance, and Congenitally Corrected Transposition of Great Arteries. In: Adebo DA, editor. Pediatric Cardiac CT 
in Congenital Heart Disease. Cham: Springer International Publishing; 2021. p. 75-80. 

33.Wong PC. Single Ventricle. In: Wong PC, Miller-Hance WC, editors. Transesophageal Echocardiography for Pediatric 
and Congenital Heart Disease. Cham: Springer International Publishing; 2021. p. 357-95. 


