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The mortality rate of heart failure or heart disease has been increasing all over the 

world. Coronary artery disease (CAD) is one type of heart disease that is caused by the 

atherosclerosis process. The process starts with the building up of plaque along the 

inner walls of the coronary arteries. The obstruction of the artery will reduce the blood 

flow that circulates through the heart. The reduced blood flow to the heart can cause 

angina or chest pain and heart attack. X-ray coronary angiography is the gold standard 

test to investigate the affected artery, however, this modality only visualizes the 

silhouette of the artery. To help the diagnostic process, Intravascular Ultrasound 

(IVUS) based on ultrasound technology, is used to show the internal structure of the 

artery. Coronary angiography and IVUS complement each other. However, to use 

coronary angiography and IVUS simultaneously, cardiologists view both modalities on 

the same screen, but in a different window. They are merged mentally using the 

biological landmarks on the modalities and also based on the cardiologist’s knowledge 

and experiences. Mental registration can cause errors in the interpretation of the plaque 

and is time-consuming. Because of that, research on the registration of Angiography 

and IVUS have been highlighted until today. Most of the previous registration 

approaches are based on the bi-plane Angiography that required greater radiation dose 

and a common technique for the registration, based on the epipolar geometry. The 

disadvantages of this technique are that it requires at least two views of coronary 

angiography, and approximation is used in determining the correspondence points. In 

this research, the registration proposes to use a single-plane Angiography, which is the 

medical imaging technology that is still relevant and used in many catheterization labs 

around the world to reconstruct the 3D artery based on the registration with IVUS 

modality. Firstly, the IVUS modality; the catheter shape, the lumen and the media-

adventitia are completely segmented using labeling and a parametric deformable 

model. Next, the trajectory of the artery is reconstructed based on the catheter path of 

IVUS and the biological landmarks found on the coronary angiography image. A new 

method for reconstructing 3D coronary artery based on the circle trigonometry 
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equation for the registration of single-plane coronary angiography and IVUS was 

introduced in this research. To help the CAD diagnostic process, this research offers an 

accurate measurement of the lumen cross-sectional area, minimum lumen diameter, 

and maximum lumen diameter. In IVUS segmentation, the result shows that 100% of 

the catheter shape on IVUS image is detected correctly using the labelling approach. 

The accuracy of the lumen segmentation increases with a percentage of area difference 

(PAD) 0.07, and the media-adventitia segmentation could be done without manual 

initialization process. It is also proven that the trajectory of the artery could be 

generated using only one view of Angiography that contains the catheter path of IVUS. 

Furthermore, the accuracy of the equation used in the registration experiment is 

acceptable, where it is shown by  is 0.9999 more than the significant value. As a 

result, the new approach of the registration of the single-plane Angiography and IVUS 

to produce a 3D coronary artery is accepted by the medical practitioners. The 3D 

model shows the precise location of the catheter in the artery and the coronary artery is 

measured through the cross-sectional area of the lumen and the minimum and 

maximum diameters. The result of this study may help us to understand the 

longitudinal view of the coronary artery and the morphology of the arterial wall. It 

could be used by cardiologists to make decisions in diagnosing coronary artery disease. 
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Kadar kematian akibat kegagalan jantung atau penyakit jantung telah meningkat di 

seluruh dunia. Penyakit arteri koronari (CAD) adalah salah satu jenis penyakit jantung 

yang disebabkan oleh proses aterosklerosis. Prosesnya dimulakan dengan penumpukan 

plak di sepanjang dinding dalaman arteri koronari. Penyumbatan arteri akan 

mengurangkan aliran darah yang beredar melalui jantung. Pengurangan aliran darah ke 

jantung boleh menyebabkan sakit angina atau dada dan serangan jantung. Angiografi 

koronari sinar-X adalah ujian berpiawaian emas untuk menyiasat arteri yang terjejas, 

namun, modaliti ini hanya menggambarkan saluran arteri. Untuk membantu proses 

diagnosis, Ultrasound Intravaskular (IVUS) yang berdasarkan teknologi ultrabunyi 

digunakan untuk menunjukkan struktur dalaman arteri. Angiografi koronari dan IVUS 

saling melengkapi. Walau bagaimanapun, untuk menggunakan angiografi koronari dan 

IVUS pada masa serentak, pakar kardiologi melihat kedua-dua kaedah pada skrin yang 

sama tetapi dalam tetingkap yang berbeza dan menggabungkan kedua-dua modality 

secara mental menggunakan mercu tanda biologi dan juga berdasarkan pengetahuan 

dan pengalaman mereka. Pendaftaran mental boleh menyebabkan kesilapan dalam 

penafsiran plak dan memakan masa. Oleh kerana itu, kajian mengenai pendaftaran 

Angiografi dan IVUS telah diketengahkan sehingga hari ini. Sebilangan besar 

pendekatan pendaftaran sebelumnya berdasarkan Angiografi dwi-satah yang 

memerlukan dos radiasi yang lebih besar dan teknik umum untuk pendaftaran adalah 

berdasarkan geometri epipolar. Kelemahan teknik ini ialah sekurang-kurangnya dua 

pandangan angiografi koronari diperlukan dan pendekatan penganggaran digunakan 

dalam menentukan titik-titik yang terlibat. Dalam penyelidikan ini, pendaftaran 

dicadangkan untuk menggunakan Angiografi satah tunggal, yang merupakan teknologi 

pengimejan perubatan yang masih relevan dan digunakan di banyak makmal 

kateterisasi di seluruh dunia, untuk membina semula arteri 3D berdasarkan pendaftaran 

dengan modaliti IVUS. Pertama, modaliti IVUS; bentuk kateter, lumen dan media-

Adventitia disegmen sepenuhnya menggunakan pelabelan dan model ubah bentuk 

parametrik. Seterusnya, lintasan arteri disusun semula berdasarkan jalur kateter IVUS 
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dan mercu tanda biologi yang terdapat pada gambar angiografi koronari. Kaedah baru 

untuk membina semula arteri koronari 3D berdasarkan persamaan trigonometri 

lingkaran untuk pendaftaran angiografi koronari satah tunggal dan IVUS diperkenalkan 

dalam penyelidikan ini. Untuk membantu proses diagnosis CAD, penyelidikan ini 

menawarkan pengukuran tepat dari luas keratan rentas lumen, diameter lumen 

minimum, dan diameter lumen maksimum. Dalam segmentasi IVUS, hasilnya 

menunjukkan bahawa 100% bentuk kateter pada gambar IVUS dikesan dengan betul 

menggunakan pendekatan pelabelan. Ketepatan segmentasi lumen meningkat dengan 

peratusan perbezaan kawasan (PAD) 0.07, dan segmentasi media-Adventitia dapat 

dilakukan tanpa proses inisialisasi manual. Hal ini juga membuktikan bahawa lintasan 

arteri dapat dihasilkan hanya menggunakan satu pandangan Angiografi yang 

mengandungi jalur kateter IVUS. Seterusnya, ketepatan persamaan yang digunakan 

dalam eksperimen pendaftaran dapat diterima di mana ditunjukkan oleh P adalah 

0.9999 lebih tinggi daripada nilai signifikan. Hasilnya, pendekatan baru pendaftaran 

Angiografi satah tunggal dan IVUS untuk menghasilkan arteri koronari 3D diterima 

oleh pengamal perubatan. Model 3D menunjukkan lokasi kateter di arteri tepat dan 

arteri koronari diukur melalui luas keratan rentas lumen dan diameter minimum dan 

maksimum. Hasil kajian ini dapat membantu kita memahami pandangan membujur 

arteri koronari dan morfologi dinding arteri. Ini dapat digunakan oleh ahli kardiologi 

untuk membuat keputusan dalam mendiagnosis penyakit arteri koronari. 
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CHAPTER 1 

1 INTRODUCTION 

1.1   Research Background 

The distribution of mortality rates caused by heart diseases is widespread all over the 

world. In Malaysia, ischaemic heart diseases were the principal cause of death in 2018 

(Department of Statistics Malaysia, 2019). Heart diseases, including Coronary Artery 

Disease (CAD), remains the number one cause of death in the US in 2017 and 2018 (J. 

Xu et al., 2020). Recently, the American Heart Association (AHA) reported that CAD 

is the most common type of heart disease, killing 365,914 people in 2017 (Benjamin et 

al., 2019). This is a global issue because the number of CAD cases increases steadily 

for both genders, men and women (Pathak et al., 2017). 

CAD is a disease which happens due to the atherosclerosis process. The process starts 

by plaque buildup inside the inner walls of the coronary arteries. The process occurs 

over many years and the obstruction of the coronary artery limits the blood flow 

circulating through the heart. When the plaque hardens, it blocks the artery, hence 

reducing blood flow and oxygen to the heart, which causes angina or chest pain and 

can possibly lead to a heart attack. 

CAD can be diagnosed by using an electrocardiogram, blood tests, cardiac stress 

testing, and cardiovascular imaging techniques, such as echocardiography, coronary 

angiography, Intravascular Ultrasound (IVUS), Magnetic Resonance Imaging (MRI), 

and Computed Tomography Angiography (CTA). Coronary angiography has remained 

the gold standard of the cardiovascular imaging technique to define the presence of 

vulnerable plaque in the coronary artery (Kočka, 2015; Lim & White, 2013). The 

cardiologist will inject a contrast dye into one of the patient's veins to highlight the 

arteries on the x-ray images. This can help guide the cardiologist to diagnose CAD 

using a visual inspection of the images (Ho et al., 1999). 

The main limitation of the coronary angiography is this modality only shows the lumen 

of the arteries and not the arterial wall (Kočka, 2015). Furthermore, this modality leads 

to the interobserver variability. Interobserver variability could be defined as a variance 

of results that were obtained by two or more observers examining the same modality. 

This is justified by Zir et al. (1976), where they stated that variability in determining 

the stenosis could lead to variability in the recommendation of the treatment. This issue 

was also discussed by Venermo et al. (2017). 
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To eliminate the limitation of coronary angiography, Intravascular Ultrasound (IVUS) 

technology is used to demonstrate the inner structure of the artery. Both modalities 

complement each other. The use of IVUS with other modalities serves as an advantage 

to medical specialists and confirms their understanding of the arterial structure 

observed (Marrocco et al., 2012). 

However, in clinical practice, cardiologists combine these modalities mentally, based 

on the biological landmarks in the coronary artery, knowledge, and experiences 

(Mäkelä et al., 2002). This mental integration is very subjective, time-consuming, and 

can cause an error in the interpretation of the vulnerable plaque (Tu et al., 2011). 

To solve this problem, a computation for medical image registration is proposed, 

where two or more medical images, either from the same modality or different 

modalities, are combined to help the diagnostic process. The registration will also help 

solve the limitation of the acquired IVUS images that are not correlated with their 

exact locations on the angiography modality (Frimerman et al., 2016).  In addition, the 

effect of the use of IVUS technology, as suggested by (Maresca et al., 2014). 

From the registration, a three-dimensional (3D) model of the coronary artery can be 

developed. This model will accurately show the structure of the inner wall and path of 

the artery. Thus, it eliminates the limitation of the 3D coronary artery by stacking the 

2D sequential IVUS, with the assumption that the catheter pullback is straight (Shi et 

al., 2017).  

1.2   Problem Statement 

The limitation in the previous proposed registration method is in the IVUS 

segmentation phase. Ma et al. (2013) stated that the result of the IVUS segmentation 

will affect the output of the registration. The utmost finding shows that previous works 

only segmented the lumen before proceeding to the registration phase. They did not 

emphasize the visualization of the outer wall, which is very important to guide the 

cardiologist in the diagnostic process. The correlation between wall thickness and 

CAD had been stated in the study by Gradus-Pizlo et al. (2001), where the coronary 

artery wall thickness and external diameter are significantly common among patients 

with CAD.  

The previous IVUS segmentation phase also eliminates the catheter area on the IVUS 

images. This area was assumed to be undesirable and should be removed in the 

segmentation process (Moraes et al., 2013). Some of the approaches and commercial 

IVUS viewer software also assume that the position of the catheter be straight in order 

to display the longitudinal view of the artery, as depicted in Figure 1.1. However, the 

actual position of the catheter is in accordance with the artery position on the coronary 

angiography image, as illustrated in Figure 1.2. When the catheter shape is eliminated, 
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the registration for both modalities is not accurate because only the catheter shape is 

visibly clear in both images. 

 

Figure 1.1 : Longitudinal view (L-mode) of IVUS. From “Quantitative 

Measurements in IVUS Images.” By J. Dijkstra, G. Koning & J.H.C. Reiber, 1999, 

International Journal of Cardiac Imaging, p. 518 (doi: 10.1023/A:1006334517720.).  

Copyright 1999 by Springer Nature 

 

 

 

Figure 1.2 : Shape and location of the catheter on coronary angiography image. 

 

 

Most of the previous studies that proposed the registration between angiography and 

IVUS, preferred the use of a bi-plane coronary angiography rather than a single-plane 

angiography. Recently, Takeda et al. (2017) investigated the comparison of radiation 

dose used for both imaging types. This investigation agreed with the previous 

experiment conducted by Sadick et al. (2010), where bi-plane technology needs more 

catheter 
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radiation dose and fluoroscopy time. It also delivered an insignificant reduction in 

contrast load than single-plane imaging. In addition to that, not all catheterization labs 

are available with the technology (Guedes et al., 2015), but instead, they still use  a 

single-plane coronary angiography for the diagnostic process. 

In terms of the method used in solving the registration between the coronary 

angiography and IVUS, most of the previous studies used the epipolar technique to 

construct the trajectory and fused the modalities. The main drawback of this method is 

at least two views of the coronary angiography are needed, even when single-plane 

technology is used (Guedes et al., 2015). Moreover, if this technique is used, it is tough 

to determine the correspondence points in the views (Cong et al., 2015). This is caused 

by a few factors, such as the heart's beating motion, the variation of positioning the 

equipment to have the best visualization, and the noises that x-ray pictures produce. 

Therefore, an approximation is used to determine the correspondence points of two or 

more views (Bourantas et al., 2005). 

From the previous works of IVUS and angiography registration, the measurement of 

the artery was only provided by researchers, Cornelis J Slager et al. (2000), and  

Doulaverakis et al. (2013). The measurement of the artery is crucial because it will 

lead to the diagnosis interpretation.  Rentoukas & Lazaros (1999) have outlined the 

guidelines for implementing IVUS measurements via lumen cross-sectional area 

(CSA), maximum and minimum lumen diameter. Based on these three important 

measurements, other measurements could be defined, such as the lumen eccentricity 

and atheroma cross-sectional area, which is vital to help with the CAD diagnosis. 

As a summary, the problems that need to be solved are as follows: 

 
1. Limitations in the current IVUS segmentation process include only detecting 

the lumen area without emphasizing the outer layer and eliminating the 

catheter shape, the most important region that can be used as correspondence 

points in the registration process. 

2. In the registration process, most of the previous studies focused on the use of 

the Bi-plane Angiography modality and used the epipolar technique. This 

technique requires more than two views of images and an approximation of 

correspondence points. Bi-plane angiography needs a greater radiation dose 

and longer procedural time. Furthermore, single-plane coronary angiography 

is still used in many catheterization labs.  

3. The insufficiency in providing the size or measurement of the coronary artery 

after the registration process. 
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1.3   Objective  

Ultimately, the main goal of this research project is to propose a new framework for 

3D coronary artery reconstruction. The framework is based on the registration of 

single-plane coronary angiography and IVUS. It will assist medical specialists to 

perform diagnosis and treatments by providing them with the relationship between 

these two modalities. The following are the objectives of the study: 

 
i. To improve the segmentation of IVUS modality by detecting the catheter 

shape area, lumen, and media adventitia layer using thresholding and 

deformable model method. 

ii. To register the single-plane coronary angiography and IVUS, using circle 

trigonometry equation to reconstruct the 3D coronary artery. 

iii. To compute measurement of lumen cross sectional area, minimum lumen 

diameter, and maximum lumen diameter, based on image-based solution for 

coronary artery analysis. 

 

 

1.4   Significance of the Study 

This research project explores how the 3D coronary artery model could be developed 

by merging two imaging technologies. Both technologies have their advantages and 

disadvantages yet registering them makes the output complement each other. 

Hopefully, this research project could be used to reconstruct a 3D artery model that can 

be used as a tool to diagnose CAD accurately. The model could also be printed using a 

3D printer, used as an augmented reality application for education purposes, as well as 

to better explain and describe the problem to the patient or their kin, rather than 

sketching it on paper or giving a verbal description. 

The positive impacts of this research project are as follows: 

 
i. The IVUS completely segmented and detected catheter shape could be used in 

correcting the longitudinal view of the IVUS. 

ii. Accurate quantitative measurement of the lumen CSA, minimum lumen 

diameter, and maximum lumen diameter can be used to define another 

measurement that can help the CAD diagnostic process. 

iii. Eliminates subjectivity in terms of merging coronary angiography and IVUS 

to have a complete structure of the coronary artery. 

iv. New technique in image registration process. 

 

 

1.5   Scope of the Study 

This research project deals with the two modalities images taken by single C-arm x-ray 

coronary angiography devices and intravascular ultrasound machines. The input data 

for this research are taken from the available repository in the catheterization lab. 
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1.6 Thesis Structure 

The thesis is organized as per the following: 

 
i. Chapter 1 designates the introduction of this thesis. It starts with the research 

background that describes what motivates the initiation of this exploration. 

The research objectives are then described, following the explanation on the 

limitations of the existing approaches carried out by various researchers. Later 

in this chapter, the significance and scope of this research project are also 

stated for clarification. 

ii. Chapter 2 presents the literature review for this research project, which starts 

with an introduction and the description of the human heart and coronary 

artery disease. Detailed descriptions of the modalities used in this research are 

also stated. Following that, the role of the 3D coronary artery is explained and 

the methods that can be used to reconstruct the artery model based on the 

registration technique is then described for further understanding. After that, 

reviews on the previous studies including IVUS segmentation, IVUS 

measurement, and the registration technique are presented.  

iii. Chapter 3 presents the research methodology conducted throughout this 

research project. The chapter thoroughly discusses all the steps that were used 

to make this research project possible, including the project framework, 

preliminary research carried out prior to the preparation and implementation, 

and finally the validation phases. 

iv. Chapter 4 to Chapter 6 cover the contributions of this research to the field, 

which includes the IVUS segmentation, IVUS measurement, and the newly 

proposed technique for the registration process. These chapters extensively 

describe the proposed methodology and its implementation, the experimental 

results with relevant and important discussions, along with detailed 

explanations on the advantages and limitations of the proposed method and its 

summary.  

v. Chapter 7 is the last chapter of this thesis and it concludes the overall 

achievements and discoveries made in this research project. It also sums up 

the advantages and limitations of this work and proposes for some potential 

improvements or advancement that can be carried out in the future.  

 

 

 

 © C
OPYRIG

HT U
PM



 

 

106 

8 REFERENCES 

2D Distance Calculator. (n.d.). Retrieved July 22, 2020, from 

https://www.calculatorsoup.com/calculators/geometry-plane/distance-two-

points.php 

Aichinger, H., Dierker, J., Joite-Barfuß, S., & Säbel, M. (2012). Principles of X-Ray 

Imaging. In Radiation Exposure and Image Quality in X-Ray Diagnostic 

Radiology: Physical Principles and Clinical Applications (pp. 3–7). Springer 

Berlin Heidelberg. https://doi.org/10.1007/978-3-642-11241-6_1 

Analyst, I. (n.d.). How to find the maximum diameter of an irregular shape? Retrieved 

July 22, 2020, from 

https://www.mathworks.com/matlabcentral/answers/216373-how-to-find-the-

maximum-diameter-of-an-irregular-shape 

Andriotis, A., Zifan, A., Gavaises, M., Liatsis, P., Pantos, I., Theodorakakos, A., 

Efstathopoulos, E. P., & Katritsis, D. (2008). A new method of three-

dimensional coronary artery reconstruction from X-ray angiography: 

validation against a virtual phantom and multislice computed tomography. 

Catheterization and Cardiovascular Interventions : Official Journal of the 

Society for Cardiac Angiography & Interventions, 71(1), 28–43. 

https://doi.org/10.1002/ccd.21414 

Athanasiou, L., Rigas, G., Sakellarios, A. I., Exarchos, T. P., Siogkas, P. K., 

Bourantas, C. V., Garcia-Garcia, H. M., Lemos, P. A., Falcao, B. A., 

Michalis, L. K., Parodi, O., Vozzi, F., & Fotiadis, D. I. (2016). Three-

dimensional reconstruction of coronary arteries and plaque morphology using 

CT angiography – comparison and registration with IVUS. BMC Medical 

Imaging, 16(1), 9. https://doi.org/10.1186/s12880-016-0111-6 

Athanasiou, L. S., Bourantas, C. V, Siogkas, P. K., Sakellarios, A. I., Exarchos, T. P., 

Naka, K. K., Papafaklis, M. I., Michalis, L. K., Prati, F., & Fotiadis, D. I. 

(2012). 3D reconstruction of coronary arteries using frequency domain optical 

coherence tomography images and biplane angiography. 34th Annual 

International Conference of the IEEE Engineering in Medicine and Biology 

Society, 2012, 2647–2650. https://doi.org/10.1109/EMBC.2012.6346508 

Azer, S. A., & Azer, S. (2016). 3D Anatomy Models and Impact on Learning: A 

Review of the Quality of the Literature. Health Professions Education, 2(2), 

80–98. https://doi.org/10.1016/j.hpe.2016.05.002 

Balocco, S., Gatta, C., Ciompi, F., Wahle, A., Radeva, P., Carlier, S., Unal, G., 

Sanidas, E., Mauri, J., Carillo, X., Kovarnik, T., Wang, C. W., Chen, H. C., 

Exarchos, T. P., Fotiadis, D. I., Destrempes, F., Cloutier, G., Pujol, O., 

Alberti, M., … Kakadiaris, I. A. (2014). Standardized evaluation 

methodology and reference database for evaluating IVUS image 

segmentation. Computerized Medical Imaging and Graphics, 38(2), 70–90. 

https://doi.org/10.1016/j.compmedimag.2013.07.001 

 

© C
OPYRIG

HT U
PM



 

 

107 

Benjamin, E. J., Muntner, P., Alonso, A., Bittencourt, M. S., Callaway, C. W., Carson, 

A. P., Chamberlain, A. M., Chang, A. R., Cheng, S., Das, S. R., Delling, F. 

N., Djousse, L., Elkind, M. S. V., Ferguson, J. F., Fornage, M., Jordan, L. C., 

Khan, S. S., Kissela, B. M., Knutson, K. L., … Virani, S. S. (2019). Heart 

Disease and Stroke Statistics-2019 Update: A Report From the American 

Heart Association. In Circulation (Vol. 139, Issue 10). 

https://doi.org/10.1161/CIR.0000000000000659 

Bhattacharjee, R., Verma, A., Sharma, N., & Sharma, S. (2017). Non-rigid registration 

of multimodal images (Ultrasound and CT) of Liver using gradient orientation 

information. 2017 2nd International Conference on Opto-Electronic 

Information Processing, ICOIP 2017, 35–39. 

https://doi.org/10.1109/OPTIP.2017.8030694 

Bogunovic, H., & Loncaric, S. (2005). Estimating perfusion using X-ray angiography. 

ISPA 2005. Proceedings of the 4th International Symposium on Image and 

Signal Processing and Analysis, 2005., 147–150. 

https://doi.org/10.1109/ISPA.2005.195400 

Bourantas, C. V., Kourtis, I. C., Plissiti, M. E., Fotiadis, D. I., Katsouras, C. S., 

Papafaklis, M. I., & Michalis, L. K. (2005, December). A method for 3D 

reconstruction of coronary arteries using biplane angiography and 

intravascular ultrasound images. Computerized Medical Imaging and 

Graphics. https://doi.org/10.1016/j.compmedimag.2005.07.001 

Bourantas, C. V., Papafaklis, M. I., Athanasiou, L., Kalatzis, F. G., Naka, K. K., 

Siogkas, P. K., Takahashi, S., Saito, S., Fotiadis, D. I., Feldman, C. L., Stone, 

P. H., & Michalis, L. K. (2013). A new methodology for accurate 3-

dimensional coronary artery reconstruction using routine intravascular 

ultrasound and angiographic data: Implications for widespread assessment of 

endothelial shear stress in humans. EuroIntervention, 9(5), 582–593. 

https://doi.org/10.4244/EIJV9I5A94 

Bourantas, C. V, Tweddel, A. C., Papafaklis, M. I., Karvelis, P. S., Fotiadis, D. I., 

Katsouras, C. S., & Michalis, L. K. (2008). Comparison of quantitative 

coronary angiography with intracoronary ultrasound. Can quantitative 

coronary angiography accurately estimate the severity of a luminal stenosis? 

Angiology, 60(2), 169–179. https://doi.org/10.1177/0003319708317338 

Cao, X., Yang, J., Gao, Y., Wang, Q., & Dinggang Shen. (2018). Region-Adaptive 

Deformable Registration of CT/MRI Pelvic Images via Learning-Based Image 

Synthesis. 27(7), 3500–3512. 

Cardenes, R., Novikov, A., Gunn, J., Hose, R., Frangi, A. F., Universitat, C., & Fabra, 

P. (2012). 3D Reconstruction of Coronary Arteries from Rotational X-ray 

Angiography. 2012 9th IEEE International Symposium on Biomedical 

Imaging (ISBI), 618–621. 

 

 

 

© C
OPYRIG

HT U
PM



 

 

108 

Carlier, S., Didday, R., Slots, T., Kayaert, P., Sonck, J., El-Mourad, M., Preumont, N., 

Schoors, D., & Van Camp, G. (2014). A new method for real-time co-

registration of 3D coronary angiography and intravascular ultrasound or 

optical coherence tomography. Cardiovascular Revascularization Medicine, 

15, 226–232. https://doi.org/10.1016/j.carrev.2014.03.008 

Chen, C. H., & Gangidi, A. G. (2014). Automatic Segmentation of Intravascular 

Ultrasound Images based on Temporal Texture Analysis. Computing in 

Cardiology, 41, 957–960. 

Ciompi, F., Pujol, O., Gatta, C., Carrillo, X., Mauri, J., & Radeva, P. (2011). A Holistic 

approach for the detection of media-adventitia border in IVUS. Lecture Notes 

in Computer Science (Including Subseries Lecture Notes in Artificial 

Intelligence and Lecture Notes in Bioinformatics), 6893 LNCS(PART 3), 

411–419. https://doi.org/10.1007/978-3-642-23626-6_51 

Clinic, C. (2018). CAD: In-Stent Restenosis. February 22. 

https://my.clevelandclinic.org/health/diseases/17132-cad-in-stent-restenosis 

Commandeur, F., Simon, A., Mathieu, R., Nassef, M., Arango, J. D. O., Rolland, Y., 

Haigron, P., De Crevoisier, R., & Acosta, O. (2017). MRI to CT Prostate 

Registration for Improved Targeting in Cancer External Beam Radiotherapy. 

IEEE Journal of Biomedical and Health Informatics, 21(4), 1015–1026. 

https://doi.org/10.1109/JBHI.2016.2581881 

Cong, W., Yang, J., Ai, D., Chen, Y., Liu, Y., & Wang, Y. (2015). Quantitative 

Analysis of Deformable Model-Based 3-D Reconstruction of Coronary Artery 

From Multiple Angiograms. IEEE Transactions On Biomedical Engineering, 

62(8), 2079–2090. https://doi.org/10.1109/TBME.2014.2347058 

Cothren, R. M., Shekhar, R., Tuzcu, E. M., Nissen, S. E., Cornhill, J. F., & Vince, D. 

G. (2000). Three-dimensional reconstruction of the coronary artery wall by 

image fusion of intravascular ultrasound and bi-plane angiography. 

International Journal of Cardiac Imaging, 16, 69–85. 

https://doi.org/10.1023/A:1006304419505 

de Vos, B. D., Berendsen, F. F., Viergever, M. A., Sokooti, H., Staring, M., & Išgum, 

I. (2019). A deep learning framework for unsupervised affine and deformable 

image registration. Medical Image Analysis, 52, 128–143. 

https://doi.org/10.1016/j.media.2018.11.010 

Dehkordi, M. T. M. T., Sadri, S., & Doosthoseini, A. (2011). A Review of Coronary 

Vessel Segmentation Algorithms. Journal of Medical Signals and Sensors, 

1(1), 49–54. 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3317762&tool=p

mcentrez&rendertype=abstract 

Department of Statistics Malaysia. (2016). Department of Statistics Malaysia Press 

Release Statistics on Causes of Death , Malaysia , 2014 (Issue December). 

Department of Statistics Malaysia. (2019). Department of Statistics Malaysia Press 

Release: Statistics on Causes of Death, Malaysia, 2019. In Department of 

Statistics Malaysia (Issue October). 

© C
OPYRIG

HT U
PM



 

 

109 

Destrempes, F., Roy Cardinal, M.-H., Allard, L., Tardif, J.-C., & Cloutier, G. (2014). 

Segmentation method of intravascular ultrasound images of human coronary 

arteries. Computerized Medical Imaging and Graphics : The Official Journal 

of the Computerized Medical Imaging Society, 38(2), 91–103. 

https://doi.org/10.1016/j.compmedimag.2013.09.004 

Dijkstra, J., Koning, G., & Reiber, J. H. C. (1999). Quantitative measurements in IVUS 

images. International Journal of Cardiac Imaging, 15(6), 513–522. 

https://doi.org/10.1023/A:1006334517720 

Dougherty, G. (2009). Digital Image Processing for Medical Applications. Cambridge 

University Press. 

Doulaverakis, C., Tsampoulatidis, I., Antoniadis, A. P., Chatzizisis, Y. S., 

Giannopoulos, A., Kompatsiaris, I., & Giannoglou, G. D. (2013). IVUSAngio 

Tool: A publicly available software for fast and accurate 3D reconstruction of 

coronary arteries. Computers in Biology and Medicine, 43, 1793–1803. 

https://doi.org/10.1016/j.compbiomed.2013.08.013 

EJ, B., MJ, B., SE, C., M, C., SR, D., R, D., SD,  de F., J, F., M, F., C, G., CR, I., MC, 

J., LC, J., SE, J., D, L., JH, L., L, L., S, L., CT, L., … P, M. (2017). Heart 

Disease and Stroke Statistics. In Circulation (Vol. 125). 

https://doi.org/10.1161/CIR.0000000000000485 

El-Gamal, F. E. Z. A., Elmogy, M., & Atwan, A. (2016). Current trends in medical 

image registration and fusion. Egyptian Informatics Journal, 17(1), 99–124. 

https://doi.org/10.1016/j.eij.2015.09.002 

Eppenhof, K. A. . J., Lafarge, M. W., Moeskops, P., Veta, M., & Pluim, J. P. W. 

(2018). Deformable image registration using convolutional neural networks. 

January 2020, 27. https://doi.org/10.1117/12.2292443 

Fitzpatrick, J. M., Hill, D. L. G., & Maurer, C. R. (2000). Image Registration. In 

Handbook of Medical Imaging, Volume2: Medical Image Processing and 

Analysis (pp. 447–514). 

Frangi, A. F., Niessen, W. J., & Viergever, M. A. (2001). Three-dimensional modeling 

for functional analysis of cardiac images: A review. IEEE Transactions on 

Medical Imaging, 20, 2–25. https://doi.org/10.1109/42.906421 

Frimerman, A., Abergel, E., Blondheim, D. S., Shotan, A., Meisel, S., Shochat, M., 

Punjabi, P., & Roguin, A. (2016). Novel Method for Real Time Co-

Registration of IVUS and Coronary Angiography. Journal of Interventional 

Cardiology, 29(2), 225–231. https://doi.org/10.1111/joic.12279 

Galassi, F., Alkhalil, M., Lee, R., Martindale, P., Kharbanda, R. K., Channon, K. M., 

Grau, V., & Choudhury, R. P. (2018). 3D reconstruction of coronary arteries 

from 2D angiographic projections using nonuniform rational basis splines 

(NURBS) for accurate modelling of coronary stenoses. PLoS ONE, 13(1), 1–

23. https://doi.org/10.1371/journal.pone.0190650 

 

© C
OPYRIG

HT U
PM



 

 

110 

Gao, Q., Lin, S., Bai, P., Du, M., Ni, X., Ke, D., & Tong, T. (2017). FZUImageReg: A 

toolbox for medical image registration and dose fusion in cervical cancer 

radiotherapy. PLoS ONE, 12(4), 1–20. 

https://doi.org/10.1371/journal.pone.0174926 

Garcia, H. F., Torres, C. A., Dario Vargas Cardona, H., Alvarez, M. A., Orozco, A. A., 

Padilla, J. B., & Arango, R. (2014). 3D brain atlas reconstruction using 

deformable medical image registration: Application to deep brain stimulation 

surgery. 2014 XIX Symposium on Image, Signal Processing and Artificial 

Vision, 1–5. https://doi.org/10.1109/STSIVA.2014.7010184 

Giannoglou, G. D., Chatzizisis, Y. S., Sianos, G., Tsikaderis, D., Matakos, A., 

Koutkias, V., Diamantopoulos, P., Maglaveras, N., Parcharidis, G. E., & 

Louridas, G. E. (2006). Integration of multi-modality imaging for accurate 3D 

reconstruction of human coronary arteries in vivo. Nuclear Instruments and 

Methods in Physics Research, Section A: Accelerators, Spectrometers, 

Detectors and Associated Equipment, 569(2 SPEC. ISS.), 310–313. 

https://doi.org/10.1016/j.nima.2006.08.057 

Gokilavani, M., Sunder, V., & Dorairangaswamy, M. A. (2018). An analysis of 

medical images processing in MATLAB environment. Journal of Engineering 

Research and Application Www.Ijera.Com, 8(12), 32–36. 

https://doi.org/10.9790/9622-0812033236 

Gonzalez, R. C., Woods, R. E., & Eddins, S. L. (2004). Digital Image Processing 

Using MATLAB. In Book: Vol. Second Ed (Second). Pearson Education,Inc. 

Gradus-Pizlo, I., Sawada, S. G., Wright, D., Segar, D. S., & Feigenbaum, H. (2001). 

Detection of subclinical coronary atherosclerosis using two-dimensional, 

high-resolution transthoracic echocardiography. Journal of the American 

College of Cardiology, 37(5), 1422–1429. https://doi.org/10.1016/S0735-

1097(01)01160-3 

GS, M., SE, N., WD, A., SR, B., R, E., PJ, F., FJ, P., K, R., RJ, S., EM, T., & Yock 

PG. (2001). American College of Cardiology Clinical Expert Consensus 

Document on Standards for Acquisition , Measurement and Reporting of 

Intravascular Ultrasound Studies ( IVUS ). Journal of the American College 

of Cardiology, 37(5), 1478–1492. https://doi.org/10.1016/S0735-

1097(01)01175-5 

Guedes, C., Daniel, G., Talou, M., Alberto, C., Alencar, B. De, Falcão, A., Mariani, J., 

Javier, P., Antonino, R., Alves, P., & Neto, L. (2015). Three-dimensional 

reconstruction of coronary arteries based on the integration of intravascular 

ultrasound and conventional angiography. Revista Brasileira de Cardiologia 

Invasiva (English Edition), 23(2), 134–138 . 

https://doi.org/10.1016/j.rbciev.2015.12.013 

Haak, D., Page, C. E., & Deserno, T. M. (2016). A Survey of DICOM Viewer 

Software to Integrate Clinical Research and Medical Imaging. Journal of 

Digital Imaging, 29(2), 206–215. https://doi.org/10.1007/s10278-015-9833-1 

 

© C
OPYRIG

HT U
PM



 

 

111 

Hajnal, J. V., Hill, D. L. G., & Hawkes, D. J. (2001). Medical image registration. 

Medical Image Registration, December, 1–383. 

https://doi.org/10.1051/epn:2000401 

Hamdi, M. A., Ettabaa, K. S., Harabi, M. L., & Alvarez, L. (2014). Real time IVUS 

segmentation and plaque characterization by combining morphological snakes 

and contourlet transform. Recent Advances in Biomedical & Chemical 

Engineering and Materials Science, 160–166. 

He, H., Tian, J., Zhao, M., Xue, J., & Lu, K. (2006). 3D Medical Imaging Computation 

and Analysis Platform. 2006 IEEE International Conference on Industrial 

Technology, 1160–1165. https://doi.org/10.1109/ICIT.2006.372425 

Heart Foundation. (2008). Heart information Coronary heart disease. National Heart 

Foundation of Australia, 1–9. 

Hebsgaard, L., Munck, T., Tu, S., Romer, L., Maeng, M., Tange, K., Raungaard, B., 

Juhl, C., Kaltoft, A., Reiber, J. H. C., Flensted, J., Høj, E., & Ramsing, N. 

(2015). Co-registration of optical coherence tomography and X-ray 

angiography in percutaneous coronary intervention . The Does Optical 

Coherence Tomography Optimize Revascularization ( DOCTOR ) fusion 

study ☆. International Journal of Cardiology, 182, 272–278. 

https://doi.org/10.1016/j.ijcard.2014.12.088 

Henglin, M., Stein, G., Hushcha, P. V., Snoek, J., Wiltschko, A. B., & Cheng, S. 

(2017). Machine Learning Approaches in Cardiovascular Imaging. 

Circulation: Cardiovascular Imaging, 10(10), 1–9. 

https://doi.org/10.1161/CIRCIMAGING.117.005614 

Hill, D. L. G., & Batchelor, P. (2001). Registration Methodology: Concepts and 

Algorithms. In J. V Hajnal, D. L. G. Hill, & D. J. Hawkes (Eds.), Medical 

Image Registration (pp. 39–70). CRC Press. 

Ho, K. R., Wahle, A., Y, C. P., Sklansky, J., & Sonka, M. (1999). Biplane X-ray 

angiograms , intravascular ultrasound , and 3D visualization of coronary 

vessels. International Journal of Cardiac Imaging, 15(6), 495–512. 

Honda, Y., Fitzgerald, P. J., & Yock, P. G. (2016). Intravascular Ultrasound. In E. J. 

Topol & P. S. Teirstein (Eds.), Textbook of Interventional Cardiology 

(Seventh, pp. 932–951). Elsevier. 

Houissa, K., Ryan, N., Escaned, J., Cruden, N. L., Uren, N., Slots, T., Kayaert, P., & 

Carlier, S. G. (2019). Validation of a Novel System for Co-Registration of 

Coronary Angiographic and Intravascular Ultrasound Imaging. 

Cardiovascular Revascularization Medicine, 20(9), 775–781. 

https://doi.org/10.1016/j.carrev.2018.10.024 

Id, F. L., Hernandez-cabronero, M., Sanchez, V., Marcellin, M. W., & Bilgin, A. 

(2017). The Current Role of Image Compression Standards in Medical 

Imaging. Information, 8(4), 1–26. https://doi.org/10.3390/info8040131 

Jannin, P., Krupinski, E., & Warfield, S. (2006). Validation in medical image 

processing. IEEE Transactions on Medical Imaging, 25(11), 1405–1409.  

© C
OPYRIG

HT U
PM



 

 

112 

Jegere, S., Narbute, I., & Erglis, A. (2014). Use of intravascular imaging in managing 

coronary artery disease. World Journal of Cardiology, 6(6), 393–404. 

https://doi.org/10.4330/wjc.v6.i6.393 

Kamphuis, C., Barsom, E., Schijven, M., & Christoph, N. (2014). Augmented reality in 

medical education? Perspectives on Medical Education, 3(4), 300–311. 

https://doi.org/10.1007/s40037-013-0107-7 

Kass, M., Witkin, A., & Terzopoulos, D. (1987). Active contour models. International 

Journal of Computer Vision, 1(4), 133–144. 

https://doi.org/10.1007/BF00133570 

Katouzian, A., Angelini, E. D., Carlier, S. G., Suri, J. S., Navab, N., & Laine, A. F. 

(2012). A state-of-the-art review on segmentation algorithms in intravascular 

ultrasound (IVUS) images. IEEE Transactions on Information Technology in 

Biomedicine, 16(5), 823–834. https://doi.org/10.1109/TITB.2012.2189408 

Kerolus, M. G., Joshi, K. C., Johnson, A. K., Beer- Furlan, A., Mangubat, E. Z., 

Theessen, H., Schafer, S., & Lopes, D. K. (2020). Co-registration of 

Intravascular Ultrasound With Angiographic Imaging for Carotid Artery 

Disease. World Neurosurgery, 143, 325–331. 

https://doi.org/10.1016/j.wneu.2020.07.226 

Kigka, V. I., Rigas, G., Sakellarios, A., Siogkas, P., Andrikos, I. O., Exarchos, T. P., 

Loggitsi, D., Anagnostopoulos, C. D., Michalis, L. K., Neglia, D., Pelosi, G., 

Parodi, O., & Fotiadis, D. I. (2018). 3D reconstruction of coronary arteries 

and atherosclerotic plaques based on computed tomography angiography 

images. Biomedical Signal Processing and Control, 40, 286–294. 

https://doi.org/10.1016/j.bspc.2017.09.009 

Kočka, V. (2015). The coronary angiography - An old-timer in great shape. Cor et 

Vasa, 57(6), e419–e424. https://doi.org/10.1016/j.crvasa.2015.09.007 

Krell, G., Saeid Nezhad, N., Walke, M., Al-Hamadi, A., & Gademann, G. (2017). 

Assessment of Iterative Closest Point Registration Accuracy for Different 

Phantom Surfaces Captured by an Optical 3D Sensor in Radiotherapy. 

Computational and Mathematical Methods in Medicine, 2017. 

https://doi.org/10.1155/2017/2938504 

Kumar, D. A. (2015). A new Method on Brain MRI Image Preprocessing for Tumor 

Detection. International Journal of Scientific Research in Science, 

Engineering and Technology, 1(1), 40–44. 

Laban, M., Oomen, J. A., Slager, C. J., Wentzel, J. J., Krams, R., Schuurbiers, J. C. H., 

den Beer, A., von Birgelen, C., Serruys, P. W., & de Feijter, P. J. (1995). 

ANGUS: A new approach to three-dimensional reconstruction of coronary 

vessels by combined use of angiography and intravascular ultrasound. 

Computers in Cardiology 1995, 95, 325–328. 

https://doi.org/10.1109/CIC.1995.482638 

Larobina, M., & Murino, L. (2014). Medical image file formats. Journal of Digital 

Imaging, 27(2), 200–206. https://doi.org/10.1007/s10278-013-9657-9 

© C
OPYRIG

HT U
PM



 

 

113 

Lazrag, H., & Naceur, M. S. (2012). Combination of the level-set methods with the 

contourlet transform for the segmentation of the IVUS images. International 

Journal of Biomedical Imaging, 2012. https://doi.org/10.1155/2012/439597 

Liao, R., Luc, D., Sun, Y., & Kirchberg, K. (2010). 3-D reconstruction of the coronary 

artery tree from multiple views of a rotational X-ray angiography. The 

International Journal of Cardiovascular Imaging, 26(7), 733–749. 

https://doi.org/10.1007/s10554-009-9528-0 

Lim, M. J., & White, C. J. (2013). Coronary Angiography Is the Gold Standard for 

Patients with Significant Left Ventricular Dysfunction. Progress in 

Cardiovascular Diseases, 55(5), 504–508. 

https://doi.org/10.1016/j.pcad.2013.01.003 

Litjens, G., Kooi, T., Bejnordi, B. E., Setio, A. A. A., Ciompi, F., Ghafoorian, M., van 

der Laak, J. A. W. M., van Ginneken, B., & Sánchez, C. I. (2017). A survey 

on deep learning in medical image analysis. Medical Image Analysis, 

42(December 2012), 60–88. https://doi.org/10.1016/j.media.2017.07.005 

Luu, H. M., Klink, C., Niessen, W., Moelker, A., & Van Walsum, T. (2016). Non-rigid 

registration of liver ct images for ct-guided ablation of liver tumors. PLoS 

ONE, 11(9), 1–18. https://doi.org/10.1371/journal.pone.0161600 

Ma, H. T., Wang, H., Wang, C., & Hau, W. K. (2013). 3D Reconstruction of Coronary 

Arteries using Intravascular Ultrasound ( IVUS ) and Angiography. TENCON 

2013 - 2013 IEEE Region 10 Conference (31194), 1–4. 

Maeda, S., Kim, H., Tan, J. K., Ishikawa, S., Murakami, S., & Aoki, T. (2012). 

Nonrigid image registration method for thoracic CT images using vessel 

structure information. 2012 IEEE International Conference on Systems, Man, 

and Cybernetics (SMC), 1413–1417. 

https://doi.org/10.1109/ICSMC.2012.6377932 

Maintz, J. B. A., & Viergever, M. a. (1996). An Overview of Medical Image 

Registration Methods. Nature, 12(6), 1–22. https://doi.org/10.1.1.39.4417 

Mäkelä, T., Clarysse, P., Sipilä, O., Pauna, N., Pham, Q. C., Katila, T., & Magnin, I. E. 

(2002). A review of cardiac image registration methods. IEEE Transactions 

on Medical Imaging, 21(9), 1011–1021. 

https://doi.org/10.1109/TMI.2002.804441 

Maresca, D., Adams, S., Maresca, B., & Van Der Steen, A. F. W. (2014). Mapping 

intravascular ultrasound controversies in interventional cardiology practice. 

PLoS ONE, 9(5), 1–10. https://doi.org/10.1371/journal.pone.0097215 

Marrocco, C. J., Jaber, R., White, R. A., Walot, I., DeVirgilio, C., Donayre, C. E., & 

Kopchok, G. (2012). Intravascular Ultrasound. Seminars in Vascular Surgery, 

25(3), 144–152. https://doi.org/10.1053/j.semvascsurg.2012.07.006 

MathWorks. (2015). Image Processing ToolboxTM User’s Guide ©. The MathWorks, 

Inc. 

 

© C
OPYRIG

HT U
PM



 

 

114 

Meir, A., & Rubinsky, B. (2009). Distributed network, wireless and cloud computing 

enabled 3-D Ultrasound; A new medical technology paradigm. PLoS ONE, 

4(11). https://doi.org/10.1371/journal.pone.0007974 

Miao, S., Wang, Z. J., & Liao, R. (2016). A CNN Regression Approach for Real-Time 

2D/3D Registration. IEEE Transactions on Medical Imaging, 35(5), 1352–

1363. https://doi.org/10.1109/TMI.2016.2521800 

Moosavi Tayebi, R., Wirza, R., Sulaiman, P. S. B., Dimon, M. Z., Khalid, F., Al-

Surmi, A., & Mazaheri, S. (2015). 3D multimodal cardiac data reconstruction 

using angiography and computerized tomographic angiography registration. 

Journal of Cardiothoracic Surgery, 10(1), 1–25. 

https://doi.org/10.1186/s13019-015-0249-2 

Moraes, M., Cardenas, D. A., & Furuie, S. (2013). Automatic lumen segmentation in 

IVOCT images using binary morphological reconstruction. BioMedical 

Engineering OnLine, 12(1), 78. https://doi.org/10.1186/1475-925X-12-78 

Nazareth, D. P. (2005). Determination of 3D Structured Objects, Vascular Structures, 

and Imaging Geometry from Single-plane and Biplane Projection Images. 

Nissen, S. E., Gurley, J. C., Grines, C. L., Booth, D. C., Mcclure, R., Berk, M., Fischer, 

C., & Demaria, A. N. (1991). Intravascular ultrasound assessment of lumen 

size and wall morphology in normal Intravascular Ultrasound Assessment of 

Lumen Size and Wall Morphology in Normal Subjects and Patients With 

Coronary Artery Disease. Circulation, 84, 1087–1099. 

https://doi.org/10.1161/01.CIR.84.3.1087 

Patel, O., P. S. Maravi, Y., & Sharma, S. (2013). A Comparative Study of Histogram 

Equalization Based Image Enhancement Techniques for Brightness 

Preservation and Contrast Enhancement. Signal & Image Processing : An 

International Journal, 4(5), 11–25. https://doi.org/10.5121/sipij.2013.4502 

Pathak, L. A., Shirodkar, S., Ruparelia, R., & Rajebahadur, J. (2017). Coronary artery 

disease in women. Indian Heart Journal, 69(4), 532–538. 

https://doi.org/10.1016/j.ihj.2017.05.023 

Patil, D. D., & Deore, S. G. (2013). Medical Image Segmentation : A Review. 

International Journal of Computer Science and Mobile Computing, 2(1), 22–

27. 

Pellot, C., Bloch, I., Herment, A., & Sureda, F. (1996). An attempt to 3D reconstruct 

vessel morphology from X-ray projections and intravascular ultrasounds 

modeling and fusion. Computerized Medical Imaging and Graphics, 20(3), 

141–151. https://doi.org/10.1016/0895-6111(96)00047-X 

Plissiti, M. E., Fotiadis, D. I., Michalis, L. K., & Bozios, G. E. (2004). An Automated 

Method for Lumen and Media–Adventitia Border Detection in a Sequence of 

IVUS Frames. IEEE Transactions on Information Technology in Biomedicine, 

8(2), 131–141. https://doi.org/10.1109/TITB.2004.828889 

 

© C
OPYRIG

HT U
PM



 

 

115 

Prasad, M., Cassar, A., Fetterly, K. A., Bell, M., Theessen, H., Ecabert, O., Bresnahan, 

J. F., & Lerman, A. (2016). Co-registration of angiography and intravascular 

ultrasound images through image-based device tracking. Catheterization and 

Cardiovascular Interventions, 88(7), 1077–1082. 

https://doi.org/10.1002/ccd.26340 

Radeva, P. (2003). On the Role of Computer Vision in Intravascular Ultrasound Image 

Analysis. In J. S. Suri & S. Laxminarayan (Eds.), Angiography and Plaque 

Imaging Advanced Segementation Techniques (pp. 397–449). CRC Press. 

Rahmat, R. W. O. . (2018). Computer Integrated System: Medical Imaging & 

Visualization (First Edit). Universiti Putra Malaysia Press. 

Rajamani, V., Jaiganesh, S., & Babu, P. (2013). A review of various global contrast 

enhancement techniques for still images using histogram modification 

framework. International Journal of Engineering Trends and Technology, 

4(4), 1045–1048.  

Rentoukas, E. I., & Lazaros, G. A. (1999). Coronary intravascular ultrasound. Archives 

of Hellenic Medicine, 16(1), 29–38. 

https://doi.org/10.1161/CIRCULATIONAHA.113.003534 

Rim, Y., McPherson, D. D., & Kim, H. (2013). Volumetric three-dimensional 

intravascular ultrasound visualization using shape-based nonlinear 

interpolation. Biomedical Engineering Online, 12, 39. 

https://doi.org/10.1186/1475-925X-12-39 

Sadick, V., Reed, W., Collins, L., Sadick, N., Heard, R., & Robinson, J. (2010). Impact 

of biplane versus single-plane imaging on radiation dose, contrast load and 

procedural time in coronary angioplasty. British Journal of Radiology, 

83(989), 379–393. https://doi.org/10.1259/bjr/21696839 

Sanz-Requena, R., Moratal, D., García-Sánchez, D. R., Bodí, V., Rieta, J. J., & 

Sanchis, J. M. (2007). Automatic segmentation and 3D reconstruction of 

intravascular ultrasound images for a fast preliminar evaluation of vessel 

pathologies. Computerized Medical Imaging and Graphics, 31, 71–80. 

https://doi.org/10.1016/j.compmedimag.2006.11.004 

Scalco, E., Reducindo, I., Arce-Santana, E. R., Cattaneo, G. M., Mejia-Rodriguez, A. 

R., Campos-Delgado, D. U., Bianchi, A. M., Rizzo, G., & Vigueras-Gomez, 

F. (2014). Multimodal non-rigid registration methods based on local 

variability measures in computed tomography and magnetic resonance brain 

images. IET Image Processing, 8(12), 699–707. https://doi.org/10.1049/iet-

ipr.2013.0705 

Selvapriya, B., & Raghu, B. (2018). A color map for pseudo color processing of 

medical images. International Journal of Engineering and Technology(UAE), 

7(3.34 Special Issue  34), 954–958. 

Shameena, N., & Jabbar, R. (2014). A Study of Preprocessing and Segmentation 

Techniques on Cardiac Medical Images. International Journal of Engineering 

Research & Technology (IJERT), 3(4), 336–341. 

© C
OPYRIG

HT U
PM



 

 

116 

Sherknies, D., Meunier, J., Mongrain, R., & Tardif, J. (2005). Three-Dimensional 

Trajectory Assessment of an IVUS Transducer From Single-Plane 

Cineangiograms: A Phantom Study. IEEE Transactions On Biomedical 

Engineering, 52(3), 543–549. 

Shi, C., Luo, X., Guo, J., Najdovski, Z., Fukuda, T., & Ren, H. (2017). Three-

Dimensional Intravascular Reconstruction Techniques Based on Intravascular 

Ultrasound: A Technical Review. IEEE Journal of Biomedical and Health 

Informatics, 2194. https://doi.org/10.1109/JBHI.2017.2703903 

Siddique, M. A. B., Arif, R. B., & Khan, M. M. R. (2019). Digital Image Segmentation 

in Matlab: A Brief Study on OTSU’s Image Thresholding. 2018 International 

Conference on Innovation in Engineering and Technology, ICIET 2018, 27–

28. https://doi.org/10.1109/CIET.2018.8660942 

Singh, M., & Dogra, A. (2014). CT and MRI Brain Images Registration for Clinical 

Applications. Journal of Cancer Science & Therapy, 06(01), 18–24. 

https://doi.org/10.4172/1948-5956.1000243 

Slager, C J, Wentzel, J. J., Schuurbiers, J. C., Oomen, J. a, Kloet, J., Krams, R., von 

Birgelen, C., van der Giessen, W. J., Serruys, P. W., & de Feyter, P. J. (2000). 

True 3-dimensional reconstruction of coronary arteries in patients by fusion of 

angiography and IVUS (ANGUS) and its quantitative validation. Circulation, 

102(5), 511–516. https://doi.org/10.1161/01.CIR.102.5.511 

Slager, Cornelis J, Wentzel, J. J., Schuurbiers, J. C. H., Oomen, J. A. F., Kloet, J., 

Krams, R., Birgelen, C. Von, Giessen, W. J. Van Der, Serruys, P. W., & 

Feyter, P. J. De. (2000). True 3-dimensional reconstruction of coronary 

arteries in patients by fusion of angiography and IVUS (ANGUS) and its 

quantitative validation. Circulation, 102(5), 511–517. 

https://doi.org/10.1161/01.CIR.102.5.511 

Sofian, H., Than, J. C. M., Mohd Noor, N., & Dao, H. (2015). Segmentation and 

detection of media adventitia coronary artery boundary in medical imaging 

intravascular ultrasound using Otsu thresholding. BioSignal Analysis, 

Processing and Systems (ICBAPS), 2015 International Conference On, 72–

76. 

Sofian, Hannah, Muhammad, S., Ming, J. T. C., & Noor, N. M. (2015). Lumen 

coronary artery border detection using texture and Chi-square classification. 

Image and Vision Computing New Zealand (IVCNZ), 2015 International 

Conference On, 1–6. https://doi.org/10.1109/IVCNZ.2015.7761535 

Sofian, Hannah, Than, J., Ming, C., Noor, N. M., Technology, A., Lumpur, K., & 

Lumpur, U. K. (2015). Detection of the lumen boundary in the coronary 

artery disease. 2, 2–5. 

Song, G., Han, J., Zhao, Y., Wang, Z., & Du, H. (2017). A Review on Medical Image 

Registration as an Optimization Problem. Current Medical Imaging Reviews, 

13(3), 274–283. https://doi.org/10.2174/1573405612666160920123955 

 

© C
OPYRIG

HT U
PM



 

 

117 

Stergios, C., Mihir, S., Maria, V., Guillaume, C., Marie-Pierre, R., Stavroula, M., & 

Nikos, P. (2018). Linear and deformable image registration with 3D 

convolutional neural networks. Lecture Notes in Computer Science (Including 

Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in 

Bioinformatics), 11040 LNCS, 13–22. https://doi.org/10.1007/978-3-030-

00946-5_2 

Su, S., Gao, Z., Zhang, H., Lin, Q., Hau, W. K., & Li, S. (2017). Detection of lumen 

and media-adventitia borders in ivus images using sparse auto-encoder neural 

network. 2017 IEEE 14th International Symposium on Biomedical Imaging 

(ISBI 2017), 1120–1124. 

Sun, S., Sonka, M., & Beichel, R. R. (2013). Graph-based ivus segmentation with 

efficient computer-aided refinement. IEEE Trans Med Imaging, 32(8), 997–

1003. https://doi.org/10.1016/j.biotechadv.2011.08.021.Secreted 

Swarnalatha, A., & Manikandan, M. (2017). Review of Segmentation Techniques for 

Intravascular Ultrasound ( IVUS ) Images. 2017 4th International Conference 

on Signal Processing, Communications and Networking (ICSCN -2017), 16–

19. 

Takeda, K., Chida, K., Tobaru, T., Takayama, M., & Takanashi, S. (2017). 

Comparison of x-ray radiation dose of the biplane and the single-plane in the 

cardiac angiography and percutaneous coronary intervention. Journal of the 

Japanese Coronary Association, 23(2), 97–101. 

https://doi.org/10.7793/jcoron.23.16-00022 

Tayel, M. B., Massoud, M. A., & Farouk, Y. (2017). A modified segmentation method 

for determination of IV vessel boundaries. Alexandria Engineering Journal, 

56(4), 449–457. https://doi.org/10.1016/j.aej.2017.04.002 

Tu, S., Holm, N. R., Koning, G., Huang, Z., & Reiber, J. H. C. (2011). Fusion of 3D 

QCA and IVUS/OCT. International Journal of Cardiovascular Imaging, 27, 

197–207. https://doi.org/10.1007/s10554-011-9809-2 

Varma, D. (2012). Managing DICOM images: Tips and tricks for the radiologist. 

Indian Journal of Radiology and Imaging, 22(1), 4. 

https://doi.org/10.4103/0971-3026.95396 

Venermo, M., Wang, G., Sedrakyan, A., Mao, J., Eldrup, N., DeMartino, R., Mani, K., 

Altreuther, M., Beiles, B., Menyhei, G., Danielsson, G., Thomson, I., Heller, 

G., Setacci, C., Björck, M., & Cronenwett, J. (2017). Editor’s Choice – 

Carotid Stenosis Treatment: Variation in International Practice Patterns. 

European Journal of Vascular and Endovascular Surgery, 53(4), 511–519. 

https://doi.org/10.1016/j.ejvs.2017.01.012 

Wahle, A, Prause, P. M., DeJong, S. C., & Sonka, M. (1999). Geometrically correct 3-

D reconstruction of intravascular ultrasound images by fusion with biplane 

angiography--methods and validation. IEEE Transactions on Medical 

Imaging, 18, 686–699. https://doi.org/10.1109/42.796282 

 

© C
OPYRIG

HT U
PM



 

 

118 

Wahle, Andreas, Prause, G. P. M. G. P. M., Von Birgelen, C., Erbel, R., & Sonka, M. 

(1999). Fusion of angiography and intravascular ultrasound in vivo: 

establishing the absolute 3-D frame orientation. IEEE Transactions on 

Biomedical Engineering, 46(10), 1176–1180.  

https://doi.org/10.1109/10.790492 

Wahle, Andreas, Prause, P. M., DeJong, S. C., Sonka, M., Prause, G. P. M., DeJong, S. 

C., & Sonka, M. (1999). Geometrically correct 3-D reconstruction of 

intravascular ultrasound images by fusion with biplane angiography--methods 

and validation. IEEE Transactions on Medical Imaging, 18(8), 686–699. 

https://doi.org/10.1109/42.796282 

Wang, P., Ecabert, O., Chen, T., Wels, M., Rieber, J., Ostermeier, M., & Comaniciu, 

D. (2013). Image-based Co-Registration of Angiography and Intravascular 

Ultrasound Images. IEEE Transactions on Medical Imaging, 32(12), 2238–

2249. https://doi.org/10.1109/TMI.2013.2279754 

Wang, X., Yang, J., Chen, Y., Ai, D., Hu, Y., & Wang, Y. (2014). Optimal Viewing 

Angle Determination for Multiple Vessel Segments in Coronary 

Angiographic Image. Nuclear Science, IEEE Transactions On, 61(3), 1290–

1303. 

Wang, Y., Guo, Q., & Zhu, Y. (2007). Medical Image Segmentation Based On 

Deformable Models And Its Applications. In A. Farag (Ed.), Springer (1st 

ed.). Springer-Verlag New York. https://doi.org/10.1007/978-0-387-68343-0 

Wiggins, R. H., Davidson, H. C., Harnsberger, H. R., Lauman, J. R., & Goede, P. A. 

(2001). Image file formats: past, present, and future. Radiographics : A 

Review Publication of the Radiological Society of North America, Inc, 21(3), 

789–798. https://doi.org/10.1148/radiographics.21.3.g01ma25789 

Wu, W., Samant, S., de Zwart, G., Zhao, S., Khan, B., Ahmad, M., Bologna, M., 

Watanabe, Y., Murasato, Y., Burzotta, F., Brilakis, E. S., Dangas, G., 

Louvard, Y., Stankovic, G., Kassab, G. S., Migliavacca, F., Chiastra, C., & 

Chatzizisis, Y. S. (2020). 3D reconstruction of coronary artery bifurcations 

from coronary angiography and optical coherence tomography: feasibility, 

validation, and reproducibility. Scientific Reports, 10(1), 1–11. 

https://doi.org/10.1038/s41598-020-74264-w 

Xiao, R., Yang, J., Fan, J., Ai, D., Wang, G., & Wang, Y. (2016). Shape context and 

projection geometry constrained vasculature matching for 3D reconstruction 

of coronary artery. Neurocomputing, 195, 65–73. 

https://doi.org/10.1016/j.neucom.2015.08.110 

Xu, Chenyang, & Prince, J. L. (1997). Gradient vector flow: a new external force for 

snakes. Proceedings of IEEE Computer Society Conference on Computer 

Vision and Pattern Recognition, 2(1), 66–71. 

https://doi.org/10.1109/CVPR.1997.609299 

Xu, C. (1999). Deformable Models with Application to Human Cerebral Cortex 

Reconstruction from Magnetic Resonance Images. In Dissertation. 

 

© C
OPYRIG

HT U
PM



 

 

119 

Xu, C., Pham, D., & Prince, J. (2000). Chapter 3: Image segmentation using 

deformable models. In Handbook of Medical Imaging (pp. 129–174). 

https://doi.org/10.1.1.62.8216 

Xu, C., & Prince, J. L. (1998). Snakes, shapes, and gradient vector flow. IEEE 

Transactions on Image Processing, 7(3), 359–369. 

https://doi.org/10.1109/83.661186 

Xu, J., Murphy, S. L., Kockanek, K. D., & Arias, E. (2020). Mortality in the United 

States, 2018. In U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

(Issue 355). 

Yan, J., & Cui, Y. (2015). A novel approach for segmentation of intravascular 

ultrasound images. Bioelectronics and Bioinformatics (ISBB), 2015 

International Symposium On, 51–54. 

Yang, J., Wang, Y., Liu, Y., Tang, S., & Chen, W. (2009). Novel Approach for 3-D 

Reconstruction of Coronary Arteries From Two Uncalibrated Angiographic 

Images. IEEE Transactions on Image Processing, 18(7), 1563–1572. 

Zakeri, F. S., Setarehdan, S. K., & Norouzi, S. (2017). Automatic media-adventitia 

IVUS image segmentation based on sparse representation framework and 

dynamic directional active contour model. Computers in Biology and 

Medicine, March, 1–12. https://doi.org/10.1016/j.compbiomed.2017.03.022 

Zhang, S., Jiang, S., Yang, Z., & Liu, R. (2015). 2D Ultrasound and 3D MR Image 

Registration of the Prostate for Brachytherapy Surgical Navigation. Medicine, 

94(40), e1643. https://doi.org/10.1097/MD.0000000000001643 

Zheng, M., Yubin, W., Yousheng, W., Xiaodi, S., & Yali, W. (2008). Detection of the 

lumen and media-adventitia borders in IVUS imaging. International 

Conference on Signal Processing Proceedings, ICSP, 1(1), 1059–1062. 

https://doi.org/10.1109/ICOSP.2008.4697311 

Zheng, S. (2009). Three-Dimensional Reconstruction of Vessels from Intravascular 

Ultrasound Sequence and X-Ray Angiograms. 2009 2nd International 

Conference on Biomedical Engineering and Informatics, 1–5. 

https://doi.org/10.1109/BMEI.2009.5305690 

Zhou, F. F., Liu, Y. H., Ge, P. C., Chen, Z. H., Ding, X. Q., Liu, J. Y., Jia, Q. W., An, 

F. H., Li, L. H., Wang, L. S., Ma, W. Z., Yang, Z. J., & Jia, E. Z. (2017). 

Coronary Artery Diameter is Inversely Associated with the Severity of 

Coronary Lesions in Patients Undergoing Coronary Angiography. Cellular 

Physiology and Biochemistry, 43(3), 1247–1257. 

https://doi.org/10.1159/000481765 

Zhu, X., Zhang, P., Shao, J., Cheng, Y., Zhang, Y., & Bai, J. (2011). A snake-based 

method for segmentation of intravascular ultrasound images and its in vivo 

validation. Ultrasonics, 51(2), 181–189. 

https://doi.org/10.1016/j.ultras.2010.08.001 

Zir, L., Miller, S., & Dinsmore R,  et al. (1976). Interobserver variability in coronary 

angiography. Circulation, 1976(53), 627–632. 

© C
OPYRIG

HT U
PM



 

 

127 

10 BIODATA OF STUDENT 

 
 

 

Suhaili Binti Beeran Kutty received her Bachelor of Science in Information 

Technology from Universiti Malaya in 2006. She got her MSc in Computer Science 

from Universiti Teknologi Malaysia in 2009. She is working as a lecturer of Faculty 

Electrical Engineering at Universiti Teknologi MARA since 2009. She has been a full 

time PhD student since 2014 in Universiti Putra Malaysia. Her major areas of interest 

are multimedia and image processing. Her current research are focusing on image 

segmentation, image registration and 3D reconstruction. 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

 
128 

11 LIST OF PUBLICATIONS  

Beeran Kutty, S., Wirza O.K Rahmat, R., Shahlan Kassim, S., Madzin, H., & 
Hamdan, H. (2018). Improved Segmentation for Intravascular Ultrasound 
(IVUS) Modality. International Journal of Engineering & Technology, 
7(4.31), 479-486. doi:http://dx.doi.org/10.14419/ijet.v7i4.31.25468 

 
Beeran Kutty, S., Wirza O. K. Rahmat, R., Kassim, S. S., Madzin, H., & 

Hamdan, H. (2021). An algorithm to measure unsymmetrical circle 
shape of intravascular ultrasound image using image processing 
techniques. Bulletin of Electrical Engineering and Informatics, 10(1), 
508–515. https://doi.org/10.11591/eei.v10i1.2694 

 
S. B. Kutty, R. W. O. K. Rahmat, S. Kassim, H. Madzin and H. Hamdan, "A 

Review of 3D Reconstruction of Coronary Arteries Based on the Co-
registration of IVUS and Coronary Angiogram," 2014 International 
Conference on Computer Assisted System in Health, Kuala Lumpur, 
2014, pp. 1-5. doi: 10.1109/CASH.2014.21 

 
 

 

 

© C
OPYRIG

HT U
PM



UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 

ACADEMIC SESSION : ________________ 

TITLE OF THESIS / PROJECT REPORT : 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

NAME OF STUDENT :   __________________________________________________ 

I acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at
the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes
only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

I declare that this thesis is classified as :

*Please tick (√ )

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).

RESTRICTED (Contains restricted information as specified by the
organization/institution where research was done).

 OPEN ACCESS I agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

 PATENT Embargo from_____________ until ______________
 (date)         (date) 

Approved by: 

_____________________ ________________________ 
(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:

Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the 
organization/institution with period and reasons for confidentially or restricted. ] 

√ 


	Blank Page



