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Abstract

The automation of the blood vessel segmentation is a very helpful tool
to aid the doctors in the diagnostic process. In this thesis, the segmentation
of vascular structures in 3D medical images (CTA and MRA) is discussed.
Many methods for vessel segmentation and tracking is discussed and reviewed
in detail. A new approach for fast tracking, quantization and centreline
extraction of small vascular structures is introduced, with the problem of
coronary arteries segmentation used as an example.

The main purpose here is to achieve near interactive vessel segmentation
process that is accurate and does not miss smaller vessels even in a noisy
environment. This is achieved by propagating an explicit surface in a vessel
tracking manner. This surface is represented as a triangular adaptive mesh
where the element size is adjusted based on the current size of the vessel.
Adaptive re-meshing is performed on—the—fly during propagation in an effi-
cient manner. An effective self-intersection prevention method is introduced
to address one of the major issues in triangular mesh offsetting.

The algorithm was compared to many state of the art methods in vessel
tracking and showed great accuracy and low miss rate of smaller vessels in
the coronary tree while performing the whole operation in less than a minute.

Keywords:

Segmentation, Vessels, Tracking, Active contours, Explicit Surface, Vessel
Contrast Enhancement, Coronary Arteries






Contents

I Introduction

1 Datasets Characteristics and Visualization

IT Previous Work

2 Region-based Approaches

2.1
2.2

Region Growing . . . . . . ... ... ...
Vessel Enhancement . . . . . . . ... ..
2.2.1 Vesselness Filter . . . . .. ... ..
2.2.2 Diffusion . . . . . . ... ... ...
2.2.3 Perona-Malik Model . . . ... ..
2.2.4  Vessel Enhancement Diffusion . . .
225 Conclusion. . . . ... ... ....

3 Front Propagation Approaches

3.1

3.2

3.3

Parametric Deformable Models . . . . . .
3.1.1 Numerical Implementation . . . . .
Geometric Deformable Models . . . . . . .
3.2.1 Curve Evolution. . . . . . .. ...
3.2.2 Curve Evolution Techniques . . . .
3.2.3 Numerical Implementation . . . . .
Front Propagation For Vessel Segmentation

4 Vessel Tracking

4.1

4.2
4.3
4.4

Region Growing on a 2D plane. . . . . . .
4.1.1 Multiple Points Extrapolation . . .
4.1.2 Spherical Surface Region Growing .
Medialness on a 2D plane . . . . .. ...
Region Growing in 3D . . . . ... .. ..
Template Matching . . . . . ... .. ...

11

19

29

31
31
37
37
41
42
47
52

55
57
63
69
70
73
81
84



4.4.1
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6

The Template Function . . . . . . . ... .. ... ...
The Template Fitting . . . . . . ... ... . ... ...
Fitting the Vessel Parameters . . . . . . ... ... ..
Bifurcation Handling . . . . . ... ... ... .. ...
Results . . . . . . . . oo
Conclusion . . . . . . . . .. ...

III Proposed Method

5 Vesselness Filter
5.1 Introduction . . . . . . . . . . .. ...
5.2 Structure Tensors . . . . . . . . . . ... ...
5.3 Proposed Vessel Enhancement Filter . . . . . . ... ... ..
5.4 Evaluation and Results . . . . . . . .. ... ... .. .....

6 Proposed Vessel Tracking
6.1 Automatic Seeding . . . . . ...

6.1.1
6.1.2
6.1.3

Ascending Aorta Detection . . . . . . . ... ... ...
Seed Placement . . . . . . . . . ... ...,
Evaluation . . . . . . ...

6.2 Tracking Process . . . . . . .. .. .. ... ... ...

6.2.1
6.2.2
6.2.3

Surface Propagation . . . . ... ... ... ......
Sub-mesh . . . ... ... ...
Sub-mesh Tracking . . . . .. ... ... ... .....

6.3 Centerline Extraction . . . . . . . . . .. ... ... ..

6.3.1
6.3.2
6.3.3

Centerline Extraction Algorithm . . . . . . . . ... ..
Reverse Region Growing . . . . . . . . ... ... ...
Anchor points calculation . . . ... ... ... . ...

6.4 Self-intersections . . . . . . . . . ...
6.5 Evaluation . . . . . . . . ..

6.5.1
6.5.2

Evaluation Framework . . . . . . . . .. .. ... ...
Results . . . . . . . .

7 Conclusion and Future Work

117

121
121
125
128
133

137
138
138
140
142
143
144
146
147
158
159
160
164
166
169
170
177

187



List of Figures

1.1

1.2
1.3
1.4
1.5
1.6
1.7
1.8

1.9

1.10
1.11
1.12

2.1
2.2

2.3
24
2.5
2.6
2.7

2.8
2.9
2.10

Acute myocardium infarction . . . . . ... ... ... .. 14
Vessel anomalies, showing calcified plaque, a stenosis and a
stent. . . .. 16
Comparison of the density intervals of different tissues in Hounsfield
units (HU). . .. ..o oo 20
An axial image slice of a coronary CTA dataset. . . . . . . .. 20
Orthogonal MPR . . . . . . .. ... . ... ... .. ... 21
Thin-slab MPR . . . . . . .. ... ... ... 22
Cross-sectional oblique MPR . . . . . . ... ... ... .... 23
A demonstration of the CPR principle . . . . ... ... ... 23
Different CPR generation methods . . . .. ... ... .. .. 24
Stretched CPR view of the right coronary artery of a sample
dataset. . . . . ..o 25
Maximum intensity projection . . . . . . .. . ... ..., 26
Direct Volume Rendering of 2 different datasets . . . . . . .. 27
Direct Volume Rendering of an isolated heart CTA. . . . . . . 28
MIP rendering of segmented coronary tree of an isolated heart

CTA. . . 28
Simple demonstration of the region growing algorithm . . . . . 32
The segmented region over multi-threshold values and the
threshold-volume curve . . . . . . . . ... ... ... ... 33
Local cube tracking . . . . . .. ... ... ..o 34
Expansion of the local cube for regions with abrupt changes. . 35
Examples of connected component labeling on sample cubes . 36
Successful isolation of the vessel from nearby structures . . . . 37
Region Growing coupled with bifurcation detection based on
connected component analysis . . . . . ... ... 38
Second order derivative of a Gaussian kernel . . . . . . . . .. 39
Examples of 2D Derivatives of Gaussian kernels . . . . . . . . 39

Examples of vesselness measure calculated at different scales . 42

3



