
Real Time 3D Echocardiography for 

Evaluation of TOF Cases as an Alternative 

to Cardiac Catheterization 

Thesis  
Submitted in partial fulfillment of the MD Degree  

in Cardiology 

By 
Ahmed Mounir Gabr 
(M.B.B.CH) – MSc. Cardiology 

Under Supervision of 

Prof.  Maiy Hamdy El-Sayed 
Professor of Cardiology 

Faculty of Medicine – Ain Shams University 

Prof.  Azza Abdallah El-Fiky   
Professor of Cardiology 

Faculty of Medicine – Ain Shams University 

Prof. Ghada Samir El-Shahed  
Professor of Cardiology 

Faculty of Medicine – Ain Shams University 

Dr. Hebatallah Mohamed Attia 
Assistant Professor of Cardiology 

Faculty of Medicine – Ain Shams University 

Dr. Alaa Mahmoud Roshdy 
Assistant Professor of Cardiology 

Faculty of Medicine – Ain Shams University 

Faculty of Medicine 

Ain Shams University 

Cairo – 2014 



Acknowledgements 

 

First of all, thanks to ALLAH, by grace and mercy of 

whom the accomplishment of this work was done. 

I wish to express my deepest gratitude to Prof. Maiy 

Hamdy El-Sayed, Professor of Cardiology, Faculty of Medicine – 

Ain Shams University, for her generous supervision and 

directions, I really has the honor to complete this work under her 

supervision. 

My great appreciation and sincere gratitude to Prof.  Azza 

Abdallah El-Fiky, Professor of Cardiology, Faculty of Medicine – 

Ain Shams University, for her generous guidance and support 

during the scope of this work. 

I am sincerely grateful and thankful to Prof. Ghada 

Samir El-Shahed, Professor of Cardiology, Faculty of Medicine 

– Ain Shams University, for her great supervision, valuable 

advice and unlimited help to provide all facilities to accomplish 

this work.  

I am sincerely  grateful and thankful to Dr. Hebatallah 

Mohamed Attia, Assistant Professor of Cardiology, Faculty of 

Medicine – Ain Shams University, for her keen interest, 

encouragement and helping me in the whole thesis. 

Last but not least, I can't forget to thank with all 

appreciation Dr. Alaa Mahmoud Roshdy, Assistant Professor of 

Cardiology, Faculty of Medicine – Ain Shams University, for his 

great efforts and time he has devoted to accomplish this work. 

 Ahmed Mounir Gabr 



Contents 

 

 

Contents 

Subject Page No. 

List of Abbreviations ............................................................. i 

List of Tables ........................................................................ iii 

List of Figures ...................................................................... iv 

Introduction .......................................................................... 1 

Aim of the Work ................................................................... 3 

Review of Literature 

- Tetralogy of Fallot .......................................................... 4 

- 3-D Echocardiogram  Historical background .............. 25 

- Three-Dimensional Echocardiographic Technology ... 33 

- Applications for 3D echocardiogram in adults and 

congenital heart diseases  ............................................. 55 

Subjects and Methods ...................................................... 106 

Results ................................................................................ 126 

Discussion .......................................................................... 142 

Conclusion ......................................................................... 154 

Limitations and Recommendations ................................ 155 

Summary ........................................................................... 156 

References ......................................................................... 158 

Appendix ................................................................................ I 

Arabic Summary ..................................................................ــ ـ 

 



List of Abbreviations 

 

i 

List of Abbreviations 

AO  : Aorta. 

ASD  : Atrial septal defect  

AV  : Atrioventricular  

AVSD : Atrioventricular septal defect  

BTS  : Blalock Taussing shunt  

CAVV : Common Atrioventricular valve  

CHD  : Congenital heart disease  

CMR  : Cardiac Magnetic resonant imaging  

DORV : Double outlet right ventricle  

EF  : Ejection fraction  

INN  : Innominate  

IVS  : Interventricular septum  

LA  : Left atrium  

LAA  : Left atrial appendage  

LV  : Left ventricle  

LPA  : Left pulmonary artery   

MPR  : Multiplaner reformating  

MR  : Mitral regurgitation  

MVA  : Mitral valve area  

PDA  : Patent ductus arteriosus  

PFO  : Patent foramen ovale  

 



List of Abbreviations 

 

ii 

List of Abbreviations (Cont…) 

PS  : Pulmonary stenosis  

PV  : Pulmonary valve  

RPA  : Right pulmonary artery  

RV  : Right ventricle  

RVOT : Right ventricular outflow tract  

RT3DE : Real time 3 dimensional echocardiography  

STIC  : Spatio-temporal imaging correlation  

SVC  : Superior vena cava  

TEE  : Transesophgeal echo  

TGA  : Transposition of great vessels  

TOF  : Tetralogy of Fallot  

TV  : Tricuspid valve  

2DE  : 2 Dimensional echocardiography  

3DE  : 3 Dimensional echocardiography  



List of Tables 

 

 i 

List of Tables 

Table No. Title Page No. 

Table (1): Complete 3D echocardiography protocol. ................ 48 

Table (2): Demographic data. .................................................. 126 

Table (3): LAA visualization by 3DE ..................................... 127 

Table (4): Paired T test for AO diameter in suprasternal 

and subcostal views. ............................................... 129 

Table (5): Paired T test for Mc Goon 'S index by 3DE and 

cardiac catheterization. ........................................... 130 

Table (6): Paired T test for Mc Goon's index by 3DE, 

2DE, and cadiac catheterization. ............................ 130 

Table (7): Left main sensitivity by 3DE. ................................. 135 

Table (8): Right coronary artery sensitivity by 3DE. .............. 136 

 



List of Figures 

 

 ii 

List of Figures 

Figure No. Title Page No. 

Fig. (1): The four components of TOF. .................................... 4 

Fig. (2): TOF with absent pulmonary valve. .......................... 10 

Fig. (3): The goals of echocardiography in patients with 

TOF. .......................................................................... 17 

Fig. (4): RV angiocardiogram. ............................................... 20 

Fig. (5): Total correction of TOF. ........................................... 23 

Fig. (6): The mechanical arm.................................................. 26 

Fig. (7): The acoustic locator or sparkgap. ............................. 26 

Fig. (8): Linear acquisition. .................................................... 27 

Fig. (9): Fanelike acquisition, ................................................. 27 

Fig. (10): Mechanical arm. ....................................................... 28 

Fig. (11): The parallel acquisition of 3D image by TEE. ......... 29 

Fig. (12):   Sparse array transducer. ............................................ 30 

Fig. (13):   Dense array transducer. ............................................ 31 

Fig. (14):   Scanning electron micrograph. ................................. 34 

Fig. (15):   Live 3D imaging in various angles. .......................... 36 

Fig. (16):   Cardiac cycle gating. ................................................ 37 

Fig. (17):   MPR display. ............................................................ 42 

Fig. (18):   3D hologram. ............................................................ 44 

Fig. (19):   3D surface-rendered mesh from Q lab. .................... 47 

Fig. (20):   3D rendered image of MR. ....................................... 52 

Fig. (21):   Jet of MR in different planes. ................................... 52 

Fig. (22): Comparison chart for 2 approaches to LV 

volume measurement from RT3DE data set. ........... 56  



List of Figures 

 

 iii 

List of Figures (Cont…) 

Figure No. Title Page No. 

Fig. (23): Assessment of LV synchrony. .................................. 61 

Fig. (24):   Images of MV in Zoom mode by TEE. .................... 66 

Fig. (25):   Quantitative analysis software of MV. ..................... 67 

Fig. (26):   Assessment of vena contracta. .................................. 69 

Fig. (27):   3DE TEE in ASD. .................................................... 76 

Fig. (28):  3DE TEE in ASD closure. ........................................ 77 

Fig. (29):   En face view of VSD. ............................................... 78 

Fig. (30):   En face view of AVSD. ............................................ 81 

Fig. (31):   En face view of TV in Ebstein malformation. .......... 83 

Fig. (32):   3DE in subaortic membrane. .................................... 86 

Fig. (33):   Echocardiographic angiogram of right BTS. ........... 87 

Fig. (34):   Fetal 3DE in TGA..................................................... 90 

Fig. (35):   Fetal 3DE in normal heart. ....................................... 91 

Fig. (36):   3DE in DORV. ......................................................... 96 

Fig. (37):   3DE in TOF. ............................................................. 99 

Fig. (38):  A- 3DE in MV clipping. .......................................... 101 

 B- 3DE in BMV. ........................................................ 101 

 c- 3DE in LAA occlusion. .......................................... 102 

 D- 3DE in Pulmonary vein ablation. .......................... 102 

 E):  3DE in Prosthetic valve dehiscence occlusion. ... 103 

 F): 3DE in Percutaneous Aortic valve 

replacement.  ........................................................ 103 

Fig. (39):  Crop box. ................................................................ 116 



List of Figures 

 

 iv 

List of Figures (Cont…) 

Figure No. Title Page No. 

Fig. (40):   Anyplane cropping. ................................................ 117 

Fig. (41):   3DE in Aortic overriding in TOF. .......................... 119 

Fig. (42):   En face view of VSD. ............................................. 122 

Fig. (43):   Calculation of Aortic diameter by 3DE. ................. 129 

Fig. (44):  Blant Altman plot for Aortic diameter by 3DE 

and cardiac catheterization. .................................... 131 

Fig. (45):   Blant Altman plot for LPA diameter by 3DE 

and cardiac catheterization. .................................... 132 

Fig. (46):   Blant Altman plot for RPA diameter by 3DE 

and cardiac catheterization. .................................... 132 

Fig. (47):   Blant Altman plot for Mc Goon' S 

measurements by cardiac catheterization and 

3DE. ........................................................................ 133 

Fig. (48):   Right coronary artery visualization. ....................... 134 

Fig. (49):   Anomalous large conal branch crossing RVOT. .... 135 

Fig. (50):   RV side of IVS with VSD. ..................................... 137 

Fig. (51):   3DE PDA color angiography. ................................. 138 

Fig. (52):   Central shunt 3DE color angiography. ................... 139 

Fig. (53):   Biplane morphology of RVOT and MPA using 

MPR method . ......................................................... 140 

Fig. (54): Pulmonary veins visualization ................................ 141 

 

 



 Introduction 

 

1 

Introduction 

etralogy of Fallot occurs in 10% of all congenital heart 

disease, and is the most common cyanotic heart defect 

seen in children and beyond infancy (Park, 20008). 

Cardiac catheterization is done in patient with 

tetralogy of Fallot preoperatively, to delineate the coronary 

anatomy, aortopulmonary collaterals, presence and course of 

pulmonary blood vessels, and exclusion of other associated 

cardiac anomalies (as right aortic arch in 25% of cases( 

(Douglas et al., 2005). 

Cardiac catheterization, helds a lot of complications 

apart from the financial burden, which includes: DVT, 

tachyarrythmias, etc (Park et al., 2008). 

Real time 3D echocardiography 

A number of innovative advances have occurred in 

pediatric echocardiography including utilization of 

harmonics to improve border detection, contrast agents to 

enhance chamber imaging and Doppler interrogation of jets, 

and Doppler tissue velocimetry to glean an enhanced 

understanding of both ventricular function (Gerald, 2003). 

However, a most recent advance, which has also has 

important application for day to day clinical care, is real-time 

three-dimensional (3-D) echocardiography (Gerald, 2003). 

T 
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In November of 2002, live 3D imaging, an advanced 

form of real-time 3D imaging, was introduced by Philips 

Medical Systems. The major advance that this latest version 

of real-time 3D imaging immediately offered was improved 

image quality due to a fully sampled or dense array 

configuration of the transducer, called a matrix array.  

As the term implies, ―real-time‖ 3D imaging takes place 

on the fly, with reconstruction performed simultaneously with 

imaging via a personal computer on the sonography machine 

(Houck et al., 2006). 

Studies have shown, in both in-vitro, in-vivo and human 

clinical studies the advantages of the 3-D echocardiography 

over two-dimensional (2-D) echocardiography for ventricular 

volumes, mass and ejection fraction calculations (Altman et al., 

1997). 

The potential for real time three-dimensional 

echocardiography seem unbounded in the display and 

understanding of acquired and congenital heart disease 

(Gerald, 2003). 
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Aim of the Work 
 

The aim of the present work is to: 

1. Evaluate real time 3D echocardiography in the preoperative 

assessment of patients with tetralogy of Fallot. 

2. Assess the impact of real time 3D echocardiography in 

decreasing the number of preoperative cardiac catheterization 

procedures. 
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Tetralogy of Fallot 

Chapter (1) 

Tetralogy of Fallot 

Tetralogy of Fallot is a cyanotic congenital heart 

malformation comprising infundibular pulmonary stenosis, a 

conoventricular septal defect, dextroposition of the aorta 

such that the aortic root overrides the crest of ventricular 

septum, and right ventricular hypertrophy (Fig 1). 

 

Fig. (1): As was emphasized by Arthur Louis Etienne Fallot, as long ago 

as 1888, all cases have an interventricular communication, 

biventricular origin of the aorta, muscular obstruction within the 

right ventricular outflow tract, and right ventricular hypertrophy 

(Anderson et al., 2010). 

In 1888 Arthur Etienne Fallot separated the 

malformation that is now described with his name from other 

anatomic lesions responsible for the ―Maladie bleue‖, although 

autopsy cases had been recognized previously; Dr Fallot was 
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Tetralogy of Fallot 

the first to correlate clinical features with pathological findings 

(Anderson et al., 2010).  

More than three decades ago Van Praagh and his 

colleagues in 2009 suggested that tetralogy of Fallot is really 

a monology of Fallot resulting from the displacement of the 

infundibular or outlet septum and that in tetralogy the outlet 

septum is ―too short, too narrow, too shallow ―. The 

malalignment of the infundibular septum is considered now 

the essence of tetralogy of Fallot. 

The leftward or septal end of infundibular septum is 

displaced anteriorly, inserting into the left anterior division of 

the septal band rather than between its two divisions in the 

normal heart. The rightward of the infundibular septum is 

rotated anteriorly and passed anteriorly and superiorly to 

reach the free wall of the right ventricle, so that the 

infundibular septum and its parietal extension lie almost in 

sagital plane rather than the usual frontal plane, so it is called 

anterior and cephalad deviation of infundibulum septum (Yoo 

et al., 2004).  

Twenty five percent of patients with tetralogy of Fallot 

will have right aortic arch. In the patients with right aortic 

arch and an aberrant left subclavian artery, the anomalous 

subclavian artery almost always originates directly from the 

descending aorta; it can also be isolated from its normal 

aortic arch origin, having instead its origin from the left 
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Tetralogy of Fallot 

pulmonary artery. With closure of the left arterial duct the 

left subclavian artery will be isolated, filling from a left 

vertebral and subclavian steel (Anderson, 1991). 

Bilateral arterial ductus have been diagnosed in 

patients with tetralogy of Fallot. Rarely coarctation of the 

aorta or interruption of the aortic arch has been described. 

Coronary artery anomalies assume importance in 

tetralogy of Fallot because of their potential for damage and 

interruption at the time of right venticulotomy. The most 

common important abnormality complicating repair of 

tetralogy of Fallot is origin of left anterior descending artery 

from right coronary artery occurring in about 5% of patients. 

In this situation the anterior descending artery crosses the 

right ventricular outflow tract a variable distance from the 

pulmonary valve (Yoo et al., 2004). 

Tetrallogy of Fallot is listed as a "rare disease" by the 

Office of Rare Diseases (ORD) of the National Institutes of 

Health (NIH). This means that Tetralogy of Fallot, or a 

subtype of Tetralogy of Fallot, affects less than 200,000 

people in the US population. 

Ophanet, who are a consortium of European partners, 

currently defines a condition rare when it affects 1 person per 

2,000. They list Tetralogy of Fallot as a "rare disease" 

(Bailliard and Anderson, 2009). 

http://wrongdiagnosis.pubs.righthealth.com/topic/National%20Institutes%20of%20Health?as=clink&ac=1437&afc=2168586466&p=&dqp.cache.mode=PMBypass
http://wrongdiagnosis.pubs.righthealth.com/topic/National%20Institutes%20of%20Health?as=clink&ac=1437&afc=2168586466&p=&dqp.cache.mode=PMBypass
http://www.wrongdiagnosis.com/medical/rare_disease.htm

