
 

Role of Multi-Slice Computed 

Tomography in Assessment of Non-

Cyanotic Congenital Heart Disease 
 

Essay 
Submitted for Partial Fulfilment of Master Degree in 

Radio-diagnosis 
 

Submitted by 
Mustafa Abdalla Eltierifi 

M.B.B.Ch, 
 
 

 

Under Supervision of 

 Dr. Khaled Aboulfotouh Ahmed 

Professor of Radio-diagnosis 
Department of Radiology 

Faculty of Medicine, Ain Shams University 
 

 

Dr. Omar Farouk Kamel 

Lecturer of Radio-diagnosis 
Department of Radiology 

Faculty of Medicine, Ain Shams University 
 

Faculty of Medicine 

Ain Shams University 

2016 



 Acknowledgement 
 

 

First of all, thanks to Allah whose magnificent help 

was the main factor in completing this work. 

No words can express my deep sincere feelings Towards 

Prof. Dr. Khaled Aboulfotouh Ahmed, Professor of Radio-

diagnosis, Ain Shams University, for his continuous 

encouragement, guidance and support he gave me throughout 

the whole work. It has been a great honor for me to work under 

his generous supervision. 

I would like to express my appreciation and respect to 

Dr. Omar Farouk Kamel, Lecturer of Radio-diagnosis, Ain 

Shams University, for his great science, knowledge and 

information.  

Last but not least, sincere gratitude to My Parents 

for their spiritual support. 

 
 
 

 

 



Contents 

Page No. 

1- Introduction and aim of work  .......................... 1 

2- Anatomy of the Heart  ....................................... 5 

i- Embryology of the heart  .............................. 5 

ii- Normal anatomy of the heart  .................... 14 

3-  Pathology of Acyanotic congenital heart 

disease  .............................................................. 26 

4- Technique of examination  .............................. 43 

5- Manifestations of MSCT in A cyanotic 

congenital heart disease  .................................. 65 

6-  Summary and conclusion  ............................... 98 

7-  References  ..................................................... 102 

8-  Arabic Summary  ................................................  



List of Figures 
 

Fig. No. Title Page No. 

Figure (1):  Emberyology of heart tube formation……..... ........ 5 

Figure (2):  looping and folding of heart tube  …………......... .6 

Figure (3):  Stages of development of the sinus venosus  

and the four pulmonary veins entering the left 

atrium ………………………………………. ........ 8 

Figure (4):  The endocardial cushions splitting the single 

atrioventricular canal into two canals 

(5th&6thweek) …………………………….. ........ .9 

Figure (5):  Atrial septa at various stages of 

development……………………………….. ........ 10 

Figure (6):  Formation of the interventricular septum (5th 

&7th week) ………………........................... ....... 11 

Figure (7):  Splitting of the single outflow tract arteriosus 

by the conotruncal septum ................................... 12 

Figure (8):  Formation of the AV valves and chordae 

tendinae ............................................................... 13 

Figure (9):    Position and Orientation of the Heart. location 

of the heart within the thoracic cavity and its 

boundaries  .......................................................... 14 

Figure (10):   Diagram showing 4 chambers of the heart  .......... 15 

Figure (11):  Diagram showing flowing of the blood 

through the heart (A) pulmonary circuit, (B) 

systemic circuit  ................................................... 16 

 



Fig. No. Title Page No. 

Figure (12):  Normal anatomy of the heart multidetector CT 

 ............................................................................ 18 

Figure (13):  Normal Aorta by CT ............................................ 20 

Figure (14):  Axial image demonstrates the pulmonary 

trunk (PT)  ........................................................... 21 

Figure (15a): CT of the normal systmemic veins  ..................... 22 

Figure (15b): CT of the normal pulmonary veins. ..................... 22 

Figure (16):  (a) Three-chamber view showing mitral 

(straight arrows) and aortic (AO) (curved 

arrow) valves. LA=left atrium, LV=left 

ventricle, and RV=right ventricle  ........................ 24 

Figure (17a): Schematics diagram representing ventricular 

septal defect (VSD) ............................................. 27 

Figure (17b): Cross section observed from right ventricle 

showing locations of different types of VSDs. ..... 28 

Figure (18a): Schematics diagram representing atrial septal 

defect (ASD)  ...................................................... 31 

Figure (18b): The variants of atrial septal defects. ..................... 32 

Figure (19):  Patent foramen ovale diagram. ............................ 33 

Figure (20a): Schematics diagram representing 

atrioventricular septal defect (AVSD)  ................. 34 

Figure (20b): Tricuspid valve (t) and mitral (m) in normal 

heart Vs heart with complete and partial 

atrioventricular septal defects (AVSD).  .............. 35 

Figure (21):  Schematic drawing of alternative locations of 

a coarctation of the aorta...................................... 36 



Fig. No. Title Page No. 

Figure (22):  Schema of the patent ductus arteriosus.  .............. 38 

Figure (23a): Diagram representing the Aorto-pulmonary 

window (APW).  ................................................. 39 

Figure (23b): Three types of aortopulmonary septal defect  ....... 40 

Figure (24):  Schematics diagram representing pulmonary 

stenosis  ............................................................... 42 

Figure (25):  A cartoon depicting a single slice scanner and 

a multislice scanner   ........................................... 44 

Figure (26a): Schematic diagram of the principles of cardiac 

CT image acquisition  .......................................... 48 

Figure (26b): A cartoon depicting the concept of pitch and 

its affect on the resulting slice data  ..................... 49 

Figure (27):  Diagram showing retrospective ECG-gated 

and prospective ECG-triggered CT scan. ......... 51 

Figure (28):  A 2-year-old preschool child is placed in a 

comfortable position for the CT acquisition, 

without sedation  ................................................. 53 

Figure (29):  Cardiac viewing planes. Axial planes ―classic 

cardiac planes‖ .................................................... 59 

Figure (30):  Multiplanar reformatted image (Sagittal view) 

of the descending aorta . ...................................... 60 

Figure (31):  Curved planar reformatted (CPR) images 

representing normal pulmonary arteries. .............. 61 

Figure (32):  Maximum intensity projection axial 

reformatted image of a double aortic arch. ........... 62 

 



Fig. No. Title Page No. 

Figure (33):  Volume rendering 3D reconstructed CT 

images  ................................................................ 64 

Figure (34):  A 6-month-old infant boy undergoing cardiac 

CT. The monitor turned to face the scanner 

console so that it can be observed ........................ 66 

Figure (35):  The septal components of the atrioventricular 

(AV) junction  ..................................................... 67 

Figure (36):  Pulmonary hypertension (Eisenmenger 

syndrome) due to unrepaired VSD  ...................... 69 

Figure (37):  A 1-year-old girl with double outlet right 

ventricle  ............................................................. 70 

Figure (38a): Color coded 3D-reconstruction  ........................... 71 

Figure (38b): Several contrast-filled defects  ............................. 71 

Figure (39):  Colour coded 3D-reconstruction  ......................... 73 

Figure (40):  Computed tomography (CT) images of 

subarterial septal defect (VSD). ........................... 74 

Figure (41):  Type1 (upper row) and type 2 (lower row) of 

secundum ASD  ................................................... 75 

Figure (42):  Axial CTA image representing an inter-atrial 

connection across the septum-primum ASD. ....... 76 

Figure (43):  Axial cardiac CTA .............................................. 77 

Figure (44):  CT images Represents an unroofed coronary 

sinus atrial septal defect. ...................................... 78 

Figure (45):  Measurement of the atrial septal defect (ASD) 

area ..................................................................... 79 

Figure (46):  Patent foramen ovale.  ......................................... 80 



Fig. No. Title Page No. 

Figure (47):  Short axis images show incompetent valves in 

patent foramen ovale (PFO) ................................. 81 

Figure (48a): This axial CT cut at the level of the inferior 

atrial septum demonstrates an ostium primum 

atrial septal defect. ............................................... 82 

Figure (48b): CT images show a single atrium, left atrial 

isomerism, and dextrocardia  ............................... 83 

Figure (49a): Sagittal maximum intensity projection image 

(A) and volume-rendered image (B) showing 

patent ductus arteriosus (arrow); Ao — aorta; 

PA — pulmonary artery ...................................... 84 

Figure (49b): Typical findings of patent ductus arteriosus 

(PDA)  ................................................................. 84 

Figure (50):  Patent ductus arteriosus  ...................................... 85 

Figure (51a): Type II aortopulmonary window in a 3-

month-old infant  ................................................. 86 

Figure (51b): Aortopulmonary window. .................................... 87 

Figure (52):  Volume-rendering technique shows marked 

hypoplasia of arcus aorta and coarctation of 

aorta. ................................................................... 88 

Figure (53):  Coarctation of the aorta  ...................................... 89 

Figure (54):  Aortic-Coarctation  .............................................. 90 

Figure (55):  Valvular pulmonary stenosis ............................... 92 

Figure (56):  Axial and sagittal CT appearance of a 

dysplastic pulmonary stenosis  ............................. 93 



 

Fig. No. Title Page No. 

Figure (57a): PS. Axial CT MIP image  .................................... 94 

Figure (57b): Bicuspid pulmonary valve.  ................................. 95 

Figure (58):  Subinfundibular pulmonary stenosis  ................... 96 

Figure (59):  Volume-rendered and sagittal CT images in a 

patient with LEOPARD syndrome and 

pulmonary stenosis .............................................. 97 



List of Abbreviation 

3D ............ Three Dimensions 

aA ............ Ascending Aorta 

ACV......... Anterior Cardinal Vein 

ALARA ... AS Low as Reasonable Achievable 

ANT ......... Anterior 

Ao ............ Ascending Aorta 

AP ............ Arterial Pole 

APW ........ Aorto-pulmonary Window 

Ar ............ Aortic Arch 

AR ........... Aortic Regurgitation 

ASA ......... Atrial Septal Aneurysm 

ASD ......... Atrial Septal Defect 

AV ........... Aortic Valve  

AVS ......... Atrioventricular Septum 

AVSD ...... Atrioventricular Septal Defect 

CCV......... Common Cardinal Vein; 

CHD ........ Congenital Heart Disease 

CoA ......... Coarctation of Aorta 



CPR ......... Curved Planer Reformation 

CS ............ Coronary Sinus 

CT............ Computed Tomography 

dA ............ Descending Aorta 

DL............ Dextral Looping 

ECG......... Electrocardiogram 

Fig............ Figure 

FO............ Foramen Ovlae 

ILB .......... Inferior Limbic Band 

Is .............. Aortic Isthmus  

IV ............. Interventricular Septum 

IVC .......... Inferior Vena Cava 

LA............ Left Atrium 

LAA ......... Left Atrial Appendage 

LAD ......... Left Anterior Descending 

LCX ......... Left Circumflex Artery 

LI ............. Left Inferior 

Lig.art ..... Ligmantum Arteriosum 

LPA ......... Left Pulmonary Artery 

lPA ........... Left Pulmonary Artery 



LS ............ Left superior 

LSCA ....... Left Subclavian Artery 

LV............ Left Ventricle 

LVOT ...... Left Ventricular Outflow Tract 

MDCT ..... Multidetector Computed Tomography 

MIP ......... Maximum Intensity Projections 

MPA ........ Main Pulmonary Artery 

MPR ........ Multi-planar Reformations 

MRI ......... Magnetic Resonance Imaging 

MSCT ...... Multislice Computed Tomography 

MSCTA ... Multislice computed tomography angiography 

mSv .......... Millisievert 

MV .......... Mitral Valve  

PAPVR .... Partial Anomalous Pulmonary Venous Retern 

PCV ......... Posterior Cardinal Vein 

PDA ......... Patent Ductus Arteriosus  

PDA ......... Posterior Descending Artery  

PFO ......... Patent Foramen Ovale 

POST ....... Posterior 

PS ............ Pulmonary Stenosis 



PT ............ Pulmonary Trunk 

PV ............ Pulmonary Valve 

RA ........... Right Atrium 

RAA......... Right Atrial Appendage 

RCA......... Right Common Coronary Aretery 

RI ............. Right Inferior 

Ro ............ Root of Aorta 

RPA ......... Right Pulmonary Artery 

rPA .......... Right Pulmonary Artery  

RS ............ Right superior 

RV ........... Right Ventricle 

RVOT ...... Right Ventricular Outflow Tract 

S3 ............. Third Heart Sound 

S4 ............. Fourth Heart Sound 

SLB .......... Superior Limbic Septum 

SSCT ....... Single Slice Computed Tomography 

SVC ......... Superior Vena Cava 

TGA......... Transposition of Great Arteries 

TTE ......... Transthoracic Echocardiography 

TV............ Tricuspid Valve 



UV ........... Umbilical Vein  

VIT V ...... Vitelline Vein  

VP ............ Venous Pole 

VR ........... Volume Rendering 

VSD ......... Ventricular Septal Defect 



Introduction and Aim of the Work 

 - 1 - 

- 1 - 

11--  IINNTTRROODDUUCCTTIIOONN  

Congenital heart defects are among the most common 

birth defects (Kulkarni et al., 2015). Congenital cardio-

vascular disease has an incidence of between 4 and 50 per 

1,000 live births (Tricarico et al., 2013). 

Non-cyanotic congenital heart disease represents 70% 

of all congenital heart disease, ventricular septal defects 

(most common), patent ductus arteriousus, atrial septal defect 

and pulmonic stenosis and coarctation of aorta (Yamamoto 

et al., 2004). 

Transthoracic echocardiography (TTE) is the first 

imaging modality in congenital heart disease; it provides full 

intracardiac anatomic and hemodynamic details. However, 

its diagnostic role is limited by poor echo windows in older 

children and in postoperative patients by scars, chest wall 

deformities, lung artefact (Kulkarni et al., 2015). 

Invasive cardiac catheterization has been, for many 

years, the gold standard for the anatomical assessment of 

CHD in children, having the potential to anatomical and 

hemodynamic evaluation. But on the other hand its has 

disadvantages (vessel dissection, stroke, pseudo aneurysm 

formation, costs of hospital stay, patient discomfort, radiation 

dose, and contrast medium). Moreover, cardiac 


