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catheterization. Cardiac catheterization is an afpmr performed for diagnosis and
treatment of cardiovascular diseases. Dye, is t@geimto the catheter so that the
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and satisfying results are produced. We compareavotk with Frangi, the results
are better especially in low X-ray dose images.



Acknowledgement

Thanks to God first and foremost. | feel alwayseinidd to God for His infinite
kindness and mercy.

I would like to express my great gratitude and eespo Prof. Dr. Ahmed El Bialy,
Professor of Biomedical Engineering, Cairo Univigrdior his great care and patience,
sincere guidance, tremendous effort and continualisgble advice throughout this work,
Prof. Dr. Ahmed Hisham, Professor of Biomedical iBegring, Cairo University, for
giving me the privilege of being under his supaondn this thesis, and thank him for his
outstanding encouragement, advice and his sincelless support throughout this work. |
am deeply indebted to Associate Prof. Dr. Saharzkd@vofessor Biomedical Engineering,
Cairo University, for her great continuous cooperatind supervision all to the end of this
thesis.

| am really grateful to my parents who were sugperthroughout all of my steps.

I would like to thank my dear wife who helped midtwith this thesis, without her
| would not be able to be stand here now.



Table of Contents

ACKNOWIEAGEMENT ... .coeii e e e e e e e e e e e e e e e e e e .
Table Of CONENTS ......uiiii e Il
LISt Of FIQUIES. .. cei e eemm e e e e e e e e e ee v
] A0 1= 01 = Vi
List of Abbreviations............co i VI,
ADSITACT ... X
Chapterl: INtrodUCHiON ........ccouuiiiiii e e e 1.
3 I 1 1 o T [F o [ o USSP 1
O 1= R @ o] [=Toa 1) PP PPPPPPPPP 2
1.3. TheSiS OrganiZatiON ...........eeeeeueeueiceameiriiiiiieineaeeiieieaeeeaaeee s enmnnmssssessesnennnes 2
Chapter2: Literature REVIEW ............oiiiiiiiimmeeiiieeeein et e e e e 3
P2 A [ 1 70T [ T i o T TR PSPPSRSO POPPUPPPPPPPPRN 3
P22 Y/ [0 11 Y [ o OSSR 4
2.2.1. Coronary Heart Disease (CHD) ........coeiiriiiiiiiiiiiiiiiiiiiiiiiieiiiiiieieeeemeeneee 6
2.2.2. Image Guidance for CardiaC SUIMJEIY ... ceiieaiiiiiaieieeainsaeaeaeasessessessennes 1
2.2.2.1. Pre-operative IMagiNg .........c.c.ummmmmmeeeeeereeeeeeeeeieeieeieseresereeeeereieeaaaeaeees 8
2.2.2.2. Intra-operative IMaging ........coooeeeeeeiiiiiiieeeeeeeee e 10
2.3. Coronary Artery IMAGING ........eeeeueeuueuimmaaaaaaaaaeaaaaaaaeaaeaaaaas e e e e aaaae e e e e e e e eaeeeeaennens 12
2.3.1. Biplane X-ray ANgiography ... 12
2.3.2. Magnetic Resonance ANgiography ..... . .eeeeeeeeeeererireeirieerirmmmrmnneeeee 12
2.3.3. Computed Tomography AnNgiography (CTA) . cceeeeeieiaeeiaieeeeeeeeeeeeeeeeaeen 14
2.3.4. Other MOAIILIES ...ttt e e s e e e e e eee s 15
2.3.4.1. Intravascular Ultrasound (IVUS) ....cccceeiiiiiiiiiiiii e, 15
2.3.4.2. Optical Coherence Tomography (OCT) e iiiiiiiiiiiiiieiieeeeeeeeeeeeeee 16
2.4. Pattern Recognition TECANIQUES.........uuteeeriiiieiieeieeeeeee e 18
2.4.1. Multivarient-scale Approaches (MSA) ..o, 18
2.4.2. Skeleton-based Approaches (SBA) ... 19
2.4.3. Ridge-based Approaches (RBA) ... 20
2.4.4. Region Growing APProaches ... e 21
2.4.5. Differential Geometry-based Approaches...........ccccceeeeiiii, 22



2.4.6. Matching Filters Approaches ........ooovvviiiiiiiiiieee e 24

2.4.7. Mathematical Morphology SChemes......cceveeiiiiiii e, 25
2.5. Model-Based (MB) APPrOacChEs ..o 26
2.5.1. Deformable MOdelS (DM).........ueuiiiimmmeeeeeeee e eee ettt e e e 26
2.5.1.1. ParametriC DM ... 26
2.5.1.2. Geometric DM and Front Propagation Methods..........cccoeeviiiiiiinninenn. 27
2.5.2. Parametric MOAEIS (PM) .....uiiiiiiiiieeeeeee s 28
2.5.3. Template MatChiNg ........ccceooiiiiiiiii e seerenneenees 29
2.5.4. Generalized approaches.........ccccciei i 29
2.6. Tracking-Based APProaches.............ooiiiiiiiiiiiiiieeeeeee e 31
2.7. Artificial Intelligence-Based APProaches ...............eevevvieiiiiiiiiiiimiiiiieininininee. 33
2.8. Neural Network-Based APProacChes...........uuueeveeueeiiiiiiiiiiiiiiiiiiniennininenennnnnee. 33
2.9. Enhancement of angiogram images using pseudolar processing .................. 35
2.10. Miscellaneous Tube-Like Object DeteCtioN .eee.......eveeveeiriiiriiiiiiiiiiiiiieiiiiineaes 36
2.11. CONCIUSION .ttt ettt e e e st e e e e e s annmne e e e e e e e e annnne e 37
Chapter3: Proposed SYSIEM .......c.uuiiiiiii e 39
I 0 O 1011 Yo (1 [ i (o o DT UUTPUTTPPPRPRPIN 39
3.2. HiStOgram PrOCESSING ....ccceeeieiiiiiii st eeeeeeeeeeeeeeeaeeaeeeeeeeeseesesssssnnnaeeeeeeeeeeees 40
3.2.1. PropertieS Of AHE .......c.uuuiiiiiiiiceeeeeeeeieeieeeieeieeeeeeeseeaeeaeeseeasssesrnereeeeeeeeeeeees 40
B.2.2. CLAHE . ... et 41
3.2.3. Efficient computation by interpolation ..............cccceeeiiiiiie, 42
3.3. Multiscale image analysSiS...........ooiim e 43
3.4. The Eigenvalues of the Hessian matrix Analysis...........ccccccveiiiiiiinnen. 44
3.5. Detection of vessel by multiscale teChNIQUE.......cccooeiiiiiiiii e, 47
Chapter4: Results and DISCUSSION .........cocuccceieeeeiieeei e e e e e e 48
o I [ o] o U 1 4= (o [ PP P POUPPPPRPRPI 48
4.2. ReSUItS and DISCUSSION.........ccoiiiii e sseeneenenennes 48
Chapter5: Conclusion and Future WorK...........ccooiviiiiiiiiieeeeeen, 65
] (=T =] o =1 66



List of Figures

Lo T = I I G- T 1 PP PPPPPPPPPI 2
Figure 2.1. Chest wall incisions for a heart Surgery. .......ccccccvvvveviiiiiieieieiiiiieeiieeeeen, 4.
Figure 2.2. A small left anterior thoracotomy used to cortsuct limited anastomosis
without the use of cardiopulmonary bypass (CPB) c......ccoooiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 5
Figure 2.3. Da VinCi SUrgiCal SYSIEM ........uuuiiiiiemaee e 6
Figure 2.4. COronary arteriES ..........oouiiiiiiiiiii e 7
Figure 2.5. Endoscopic stereo views (left and right) of ghcoronary arteries . ........... 10
Figure 2.6. Example of fluoroscopic X-ray and echocardiogiphy images. ................ 11
Figure 2.7. Biplane cardiovascular X-ray system: Philips AuraXper FD10/10. ....... 12

Figure 2.8. shows contrast enhanced MRA images from the rs@ patient in three
different views. To acquire this type of MRA scana MRI contrast agent is injected
into a vein. Images are then acquired when the corast medium is passing through
LT U (=T 1T RPN 13
Figure 2.9. three views of the CTA scan for the same patie On the contrary to
MRA, acquiring a 4D CTA sequence is faster and lessffected by respiratory motion
or body motion than MRA images. CTA images providehigher in-plane and out-of-

plane resolution that is necessary for visualizingny distal parts of the vessels......... 14
Figure 2.10. Example of IVUS imaging segmentation and it®iajor components...... 15
Figure 2.11.shows the resolutions and imaging depths ofttdsound and OCT. ........ 16

Figure 2.12. OCT image (the above image: pull-back view @af coronary segment with
length 53.8 mm. The image below: cross-sectionalew of the coronary at length 41.9

010 1) P RURRPPPRP 17
Figure 2.13. X-ray angiogram image of the same COronaries.............ccccuevvevveeenenennnns 18
Figure 2.14. EXraction Of VESSEI IrE8 .........uuuutummmmreeveeveeieeiierieiisvesrssnensrssensnenernennneees 20
Figure 2.15. a. Digital subtraction angiography image oftte cerebral vessels, b. Vessel
(0[] (=T o 1 o] o (RO PP PPPPPPPR 23
Figure 2.16. a. Original image b. WP vessel iMage ....cccccviiiiiiiiiiiiiiiiieiin e 28
Figure 2.17. a. Segmented CTA of aortic arch. b. Aneusyn in aorta....................... 30
Figure 2.18. a. Original image b. Enhaad image.........ccccoeeeiii 35
Figure 3.1. Projections with different angles ...........c..uvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiees 39
Figure 3.2. HIuStration Of AHE ........ueeiiiiieee e 40
Figure 3.3. illustration of distributing the pixels over the trimmed value ................... 42
Figure 3.4. lllustration of INtErpolation ..o, 43
Figure 3.5. Cylindrical vessel model (center — vessel cmsection, top left — intensity
distribution, top right, bottom left, bottom right analytical eigenvalues).................... 46
Figure 4.1. Difference between normal and stenosis arteBe.........ccooeeveeveiiiiiineieeenenn. 50



Figure 4.2. Stenosis in coronary angiogram in proximal léfanterior descending

(LAY ettt ettt e et e e e eannr et e e e e e e e et n e reaaee s 51
Figure 4.3. Stenosis in coronary angiogram in proximal léfcircumflex. ................... 52
Figure 4.4. Stenosis in coronary angiogram in the proximalight coronary artery
(RO TP PP PPPPPPPPI 52
FIQUIE 4.5, ANEUIYSIM ..ottt memeeeeeeeeeesaesesebesstsbeasbe e s bbs st sss s smmmnmeeeeeeeee e 53
Figure 4.6. Left Coroary ArtErieS .........oooi it cceeiieeieeeeiee ittt iee e eeebeetesbeeeaeaereneneeees 59
Figure 4.7. Right COroNary AMEIIES ........uuuuuueureimmmaeeaae e e eaa s as e e e e e e e e e e e e e e e e e e e e eeeeaaas 60
Figure 4.8. Original image of coronary artery  Failure ¢ the image enhancement
LC=0d 0] 010 U= 61
Figure 4.9. Cerebral VESSEIS .......uuuuuuuuiuiiuiescmmmmme e eeveeteesensnsnessnensssnsssssnsnssssennnnseeeeees 62
Figure 4.10. Peripheral VESSEIS .....cccooiiiiiiii e 63
Figure 4.11. Comparison between Frangi and our approach..................eeeevvvvvenenennnns 64



List of Tables

Table 2.1. Vessel Extraction Techniques

Table 3.1. lllustrating the eigenvalues showing differenstructures

Vi

38
46



List of Abbreviations

AHE Adaptive Histogram Equalization
AIBA Artificial Intelligence Based Approaches
CTA Computed Tomography Angiography
CPB Cardiopulmonary bypass
CHD Coronary Heart Disease
CAD Coronary Artery Disease
CT Computed Tomography
CLAHE Contrast Limit Adaptive Histogram
Equilization
CDF Cumulative Distribution Function
DG Differential Geometry
DFB Directional Filter Bank
DGBA Differential Geometric Based Approach
DM Deformable Model
DSA Digital Subtraction Angiography
ECG Electrocardiogram
EE External Energy
FMM Fast Matching Method
FEM Finite Element Method
GC Generalized Cylinders
GCM Generalized Cylinders Model
IVUS Intravascular Ultrasound

Vi



