CHAPTER 1

INTRODUCTION cq\Y.
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This chapter briefly introduces cardiovascular disorders, empha?gaortic valve
problems necessary for diagnosing, planning, and treating CODW using medical
imaging. In Section 1.1, an overview of aortic valve dis aseWtandard treatment

protocols is reviewed. Subsequently, Section 1.2 sets researeh ‘issue statement.
Section 1.3 outlines the reasoning behind this research™ and it J ctR/QYThe
significance of this study is summarized in Sectm@msequ ntly; Sectg}i 5 lays
out the study's structure in depth. Y. Vr
NV {\
c,) &
O

_.ﬂ

1.1 Research Background
The heart is the most po erfal.m cled e Sn : even though it is only
L
the size of a fist. It starts beatl 0 2 to after‘&févine conception, long before

|
or approximately two If b| ion 0!784}70 year lifetime (Tran & Mahabadi,

2019). The heart p Ioc@hout ody with every heartbeat around 70

times per mle\“t sbmetim ‘;'an oubled when exercising or in extreme
exutemenQﬁrtha n that, the n:gé?out blood occurs from the left chambers of the
g‘l t

ied throu d;@iﬁshing arteries, eventually reaching the capillaries

heart. r
in tlss es, for example, theﬁz‘ln and other body organs. After providing oxygen and

birth. Note that the co ar eats or a perso bout 100 000 times every day
and aa

%ts and collecting waste products, the blood is brought back to the right heart

Omber through the ever-expanding vascular system. Finally, the waste products are

removed during circulation through the liver (Chaudhry & Rehman, 2018).



Cardiac valve illnesses are referred to as "mysterious assassins". They move

slowly and indistinctly but are capable of causing rapid and abrupt death. It falls
the Cardiovascular Diseases (CVD) category, encompassing heart and @essel
disorders (Liu et al., 2014). Globally, CVD is the number one cause o and they
are projected to occur still. People who died from CVD are estimated at around 17
million, representing 30% of all global deaths in 2005. Accor 'n\tiﬂe World Health
Organization (WHO), 7.2 million deaths were due to he dt Fnd another 5.7

million were because of cardiac valve diseases and str i ew that 23.6

. . | 9 X
million people will die from CVD by 2030 if curr nds continue, 'no from
cardiac valve diseases, heart attacks, and strok g Pta\f, . Na@?ﬁat aortic

Y.
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disease is the most frequent cardiac valve se cer»ﬁya ting ity.

<

The aortic valve works when th ive ) opened ow @d to flow into the

aorta, which then shuts to prevent w into \e%ri @bsequently, the valve
N,

opens and closes about 103,00%a da;') and over 3.<7$$|"Rion times in its lifetime

(Betti, 2012; Tuna & Brtko,,2018)" toT an Ios@to the movement of its three
he adrtié

leaflets. To visualize a age of i VE in motion, imagine opening and
A i

closing three IeaKith eacf| ' siT-!ﬁr/to a camera shutter. Although heart
valve disordersg.can “harm ' alth,(-j tic valve diseases have more severe

!

¢

repercussioeg%!l h conseque Iy‘dtt@(D?s higher importance to the functions of this
\

valve (Nishimura, 2002). usudz\abnormalities discovered from the aortic valve

incl@ narrowing of the @valve opening during systole or aortic stenosis, as

Xaortic regurgitation, which happens when the valve leaks back to the left
& icle during diastole (Sequeira et al., 2021). The overall disease burden is estimated
t

3% to 4% of adults due to moderate or severe aortic stenosis and regurgitation (Coffey

et al., 2021). The prevalence of aortic stenosis and aortic regurgitation increases with



age, estimated in 1% of the population over the age of 55 and 6% of the population over

75 have moderate to severe aortic stenosis or regurgitation.
N
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Figure 1.1: Schematic Heart Illustra 'ng rtC tractiq&'Systole)

(A) The Left Ventricle Contracts in Per ull Qpens The Thin
Aortic Valve Cusp, Allowing Blood to eely fromglhe Veé@:le into The Aorta
(B) The Aortic Valve in This Patientswith Aorti S&mgl I ormally Calcified and

Cannot Fully Open. It Produces FIov@i nAr he Left Ventricle to
The Aorta, Causing A Compen Ingrease iniThe Léﬁ}/entricle Thickness
‘&
Balloon valvuloplastY\.;rgir % repaif-are two common outcomes of
: . ( : :
cardiac catheterization, are uged to ieszy health of the heart's arteries. This
procedure has aw of 1au\gever@ﬁplications because it is performed
frequently (Maﬂk& ara : In@ny instances, balloon valvuloplasty is a
a ‘

' . : . .
catheter-b%r' edure tore val\@lsease by expanding a stenotic or stiff aortic
valveww oon.Thi geedu,%.' less invasive than open-heart surgery because it

can Ou&ormed by inserting@{heter into the blood vessel from the groin instead of

@Ive replacement methods such as cardiothoracic surgery or another open
0} edure (Otto et al., 2021).

A decade earlier, a minimally invasive treatment procedure for CVD has grown

in demand (Nguyen et al., 2017). If balloon valvuloplasty fails to treat a stenotic valve,
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open-heart surgery may be necessary to widen the valve and improve blood flow. These
treatments involve the surgeon treating the affected area through a tiny insertio

patient's chest. However, due to the risk of open-heart surgery, such@sible
morbidity, renal injury, and stroke, the surgeon often turns to minﬂ%& invasive

treatment procedures, such as transcatheter-guided treatment for “treating cardiac

diseases. During this procedure, an image guidance system is sMn presenting the

visual aid of the heart and the diseases to the physiciant@itr unci (US) has been

ser-f 'ew real-time
X

imaging capacity for this aim (Li et al., 2015a). How suppose U #gl_&% now

employed recently because of its convenience, low cos

a treatment standard. Certain limitations regasgi Ssue tdr Iate@' surgical

instruments can be difficult for blood vessw culﬂy ith tw @Esional (2D)

0_
imaging platforms. é

As a result, other three-dimerﬁyjl (3D) 1 \iﬂgvn aJT\Pfes, such as Computed
j y N,

Tomography (CT) and Magn%sona ce Imaging 1), have emerged for

treatment. CT and MRI ar %mmi 0 vis@g cross-sectional images of
the heart and are help@:tz)n to%@ahatobical imaging. On the other hand,
or ca

4 $ &
CT and MRI are WI tecr \es\ iaC imaging. These imaging tests are
regularly performed Ofrpati e th@g’. Both CT and MRI provide unique 3D

¢

!
information imthe earts. Cﬁ’rr@él?, a trimodality image-guidance system is

unexplo%

to vi e multimodality da@gistering and fusing three modalities becomes vital

\)atient has three different images to investigate given diseases. A dual-modality
e

NN
oughdual 'pdality&hsion and registration is the most popular method

:’ registration (US-CT) has been studied previously (Khalil et al., 2018). However,
e surgeon still needed information on both CT and MRI to be presented during the

treatment procedures.



Thus, this study proposes investigating the trimodality image registration system
for guiding CVD treatment procedures. Trimodality techniques will w
opportunities for innovative ways to display composite structural @Aable
knowledge of all modalities. This is done by resolving the iss temporal
synchronization and spatial orientation of moving heart images. The&eﬁumques will
use intraoperative transthoracic US with preoperative CT and M ages. The key
finding for this study is to investigate trimodality im gs:a jons since it is
potentially utilized during intraprocedural navigation rdio aswatment It
involves the preoperative 3D cardiac CT and M@ with 2D nttr@ ative
images. Y. V?’
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CVD, such as coronary arter se, vaIv gea ,@\d stroke, are a leading

N,
cause of mortality worldwide. \%aluaﬁhg tr tralenzQ ions, surgeons frequently

1.2 Problem Statement

consider the risks assoua 0 eart su ‘% such as the possibility of
morbidity, renal injur% roke (Janko kﬁ e@l 2021). Therefore, they often
choose mlnlmally i ive pror trea dlac diseases, such as transcatheter-
guided treatme &

( ¢ (.)
Inth dure thgysu eon@akes only a small incision in the patient's chest

ected ar n‘lma?e uiding system is essential in these interventions
ing visual cues to ﬂs(é"physmlan. The surgeon may see the heart and any

alities or disorders in real-time using an image guidance system. This visual help

Oproves their ability to navigate and carry out essential interventions.



There are many benefits to using an image guidance system during these types of
minimally invasive treatments. It enables the surgeon to precisely target and w
the damaged area, which aids in both decision-making and the exec@f the
treatment. Furthermore, the system gives vital real-time feedback; wing the

physician to examine the efficacy of the treatment and make any necessary adjustments

as needed.

The development of the US has revolutionized inally | invasive valve

procedures by providing valuable temporal and spatial “tnfor atMut cqfdiac
N
structures and device components. It is widely ué imaging all'ty-é&%e itis
’ r

inexpensive and does not expose patients iatidn\D te i%’bﬂidespread

application, the US has several drawbaclcwost signifi

tissue (D

\x ik
visualization window constrains ing ; c c"lsjimrther compounded by
@

the presence of speckle noise to th%l}zé‘, tA art and blood vessels are

extremely vulnerable to da rom ’even sli misalignments. As a result,
!

there is a need for a be%ge-gui system HB an give surgeons accurate visual

feedback through Nmentbroc\res. é‘j
N N

CTand Q%x tw, m?s}ﬂat Ide complete remedies to these drawbacks.
They go Q&US"’S imitati sg‘égfving functional and anatomical images. As
ompl %’

y approaches f:) @ anatomical imaging, CT and MRI shine when

t of ch is a lack of

{<

precision in locating and orienting the et aIOOlS). The limited

vistializing cross-sectional ima@s of the heart. Furthermore, CT and MRI are frequently
patients before treatment as critical tools in cardiac imaging (Hussain et al.,
022). These two modalities can capture different but complementary spatial

dimensions of the heart. A trimodality US-CT-MRI technique can integrate this level



of detail with the US during operations. By combining imaging modalities, physicians

would have access to more precise and accurate visual data, allowing for more?!e

and accurate therapy with fewer complications. ('}

Integrating an image guidance system in transcatheter-guided intérventions

substantially enhances these minimally invasive procedures' % CCcuracy, and

overall efficacy (Liu et al., 2019). The system provides visual acilitates precise

navigation, allowing surgeons to administer effective trea for ':ardiac diseases

while reducing the potential risks associated with more invasive surgica hniqgfs.
| -?

In addition, recent trimodality imaging oveme‘pts have ex ed the

T NV
capability of intra-procedural navigation in minimally i \N& procedures. Accurate

navigation during the surgery is frequent den

vital spatial and temporal information regardin m%? dizic&gr)uctures and device
fq A
components. & ;y g}
“« Q-
&

In conclusion, using an systemaduring transcatheter-guided

ge
procedures increases tr%m's er’i;ay pieo@’n% and safety. The integration of
CT and MRI with twh S Ile A evel“

crucial spatial aKt&oral i

onp%nt of trimodality imaging, offering
. 2y ]
modality COH%IOH pro

. AN L .
surgeonsg#t cute, Mlly m@uve treatments with improved precision and

S

ethaQs nce it provides

mation fo %&ra—procedural navigation. This imaging
N

!
iﬁSLtfjrzhtion and guidance capabilities, allowing



1.3 Research Objectives
This research aims to investigate the trimodality image registration sys?m
guiding CVD treatment procedures. By addressing challenges related to @)oral
synchronization and spatial orientation of moving heart images‘NmodaIity
techniques, new possibilities arise for comprehensive visualizatioancturaI and
functional details from all modalities. This research combi intraoperative
Mte'gration enables

transthoracic US with preoperative CT and MRI images.

innovative approaches to present structural and functionalinform tiwd from all

"X
three modalities. The main research objectives in@ this resea td a@e the
purpose are: \4' \T

RI-U T

1. To investigate a temporal registratiog, system fox C

2. To investigate a spatial registwatem for RI-E§<
3. To determine the image regﬁ%’on valigwoc lure based on the clinical

S

indices for the trimodalitysi egistrationy « Q-
g
N

This research i vers imodality image registration system designed
to guide treatm i D. 'Efﬁéétudy will be carried out in three major
stages: 1) te &3 istrati \ﬁl ;?nt, 2) spatial registration development, and

NN
3) valid imageregistration scheme. The three imaging modalities
em s investigation CT, MRI, and US. It is important to note that the
@R

i%&taptured by each modality are acquired at different time points. Therefore, in
hetinitial stage, the CT, MRI, and US images will be aligned and synchronized in terms

Qtemporal correspondence.

(o]



The second stage aims to align the modalities in a uniform spatial coordinate
system or location. It will be accomplished by combining rigid and nonrigid georwl
transformations into the spatial registration method using a mutual @}h&tion
technique. This stage ensures that images from various modalitieﬁ;gprecisely
registered and spatially aligned, allowing for complete analysis and evaluation.

In the final stage, the trimodality image registration Mre is validated
qualitatively and quantitatively. Note that the visual outp ?;v'ill be evaluated
along with the accuracy of the registration method. Thi idation Mnsure the

X

accuracy and consistency of the trimodality image re tion method. I _\‘-}

This study will focus on patients diagno i C\{’at ital sgﬁ'ang who
Y.

underwent CT, MRI, and US procedures D%e; 20&? anth2020. so offers the

potential to obtain valuable insightswaag the utili
rg@'nent planning. These

registration within the framework WD diag\i&%d

insights may ultimately contri%the dean ment linical practice and the

| | RN
improvement of patient car %\
G Lj N
4 ’ &
15 Significanc;@earcf, \ @)
Due to th% ing Fse™
¢

!
physicians E\%ranc their ea&neei?ecisions to obtain more accurate diagnostic

info;r:&%

pro s by implementing @fdality image registration and enhancing the image-

e nLC}&(r of individuals diagnosed with CVD,
NN
s investi ?1 has@ to an improved approach to cardiac treatment

\ystem. As a result, patients suffering from heart disease now have access to
afer and more effective treatment options instead of undergoing the high-risk open-
eart surgery procedure. The enhanced techniques proposed in this research aim to

minimize the post-monitoring expenses for heart patients compared to those associated



with open-heart surgery. Hence, the use of trimodality US-CT-MRI highlights the
importance of imaging in guiding cardiovascular treatment procedures by Iev?'mg
the strengths of these methods while mitigating their limitations. The decr@}yst of
cardiovascular treatment enables more heart patients to receive care, re mortality
rates related to heart diseases. Furthermore, trimodality image registra?rconstitutes a

significant advancement and technique in medical diagnosiics, tering essential

l
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1.6 Outline of the Research ' 'y

discoveries.

This thesis consists of five chapters, e ote% i ren@u*dy area.

Chapter 1 provides an overview of the rese i e\/\ﬂrk, prob atement, the

research objectives, and the significan@tudy. Fu or@ﬁe chapters outline

the research framework, which is cr&hjfor de3|\hg¥ effecti research structure.
N,

Chapter 2 briefly gives %iew gf the ieratzé:l%view performed in this
study, with a specific e }on Ir' odality i a@ registration techniques for
diagnosing CVD usin I, andfUS. hé chber is organized into three parts,

4 ¢ &
each dedicated to™i vesti@ reti%.elements and explaining various
iti 'd incﬁ‘dgnosing CVD. Other than that, the
'nigaléaaexts is emphasized, particularly its role in

N
, highlighting its usefulness in practical medical

applicatiens. In addition, this @ér presents the fundamentals of image processing in
t%\ical field and its relevance to trimodality techniques. A thorough overview of
rior research on multimodality and trimodality for image processing is also provided,

s is an examination of various surgical applications guided by medical imaging.



Chapter 3 of this thesis comprehensively explains the methodology employed in
this study. It includes a detailed description of the procedures utilized for CT, w
US imaging. Furthermore, the chapter discusses the technique employ age
registration, which involves aligning and combining multiple magmﬂ%almes to
create a cohesive and accurate representation. The chapter also goes We validation

procedure, evaluating the registration technique's correctne MSurlng that the

registered images match the ground truth and fulfil the d I‘ECI'IOI‘I and quality
standards.
Chapter 4 presents an array of qualitative and itative je[@ed by

the automated pipeline of trimodality reglst?, int od&: i ChaQ/RF 3. The
sin

registration method underwent rigorous vah&@ tco VgrTg 20 patient

data sets. This chapter also dlscusswxalyses t

proposed techniques, hlghllghtlng clinica &ca C %Ithln the context of

\
cardiovascular imaging. Apart t, a'aetall

findings of this study and tlﬁ;}ear
nd di

that this chapter ackno
study. Because of t Iimltat‘o
are presented, p@n i
image regis n.

C@%mrﬁa Z e studﬁmphasmng the main findings that can be drawn

fro research. It also pre@’the current contributions of the study and suggests

on is made between the

eom
I on@bject. It is vital to highlight
n%'s% fn limitations observed during the

ul sgeatlons to enhance the current method

furtfé‘ésearch and development in trimodality

P \M directions for future research.
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