CHAPTER 5

CONCLUSION AND FUTURE WORK %\

In this section, the thesis's contribution, as well as its sions and

recommendations for future study, are presented. The contributiens af this thesis are
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5.1 Contribution of Thesis Y. \ X
The main contribution of this stud@%in ate ﬂ)dality image
registration framework since it is poterhus dw apﬁ)fgjral navigation for
cardiovascular treatment, part@y 'Br%yt r @c Valve Implantation
(TAVI) and Transcatheter ticy V wwe};gﬁmvm. It involves the
a d%RI fused with 2D Ultrasound

reoperative three-dimensio D) cardia
preop W ) ) $
age

(US) intraoperative im ithinet niz{:}@f this investigation, a registration

pipeline is bro@m @

given in Section 5.1, followed by the conclusion in Sectio

suggestions on potential courses of action that could b

al
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e pr”@y stages: 1) temporal registration
development,@&'alr istrati Févetggkent, and 3) validation of trimodality image
registratio%\e valiﬁﬁﬂm hié%’rcedes Benz” sign view. A US imaging frame
is al@y selecJt:e or s{oatj{, egistration during the temporal registration process
baﬂ\on its similarity to cahcl'\?c CT and MRI frames. The second step is spatial

tion, which was carried out by aligning a two-dimensional (2D) planar US image

Q\h a static 3D cardiac CT and MRI volume using a rigid geometrical transformation

and an intensity-based registration technique.



Step 3 entails a qualitative and quantitative validation of the trimodality image
registration. Note that the preoperative cardiac CT and MRI with the intraopera
image can be brought into perfect alignment with the help of the describec(rgﬁ' tion
algorithm. A

In a nutshell, this study makes a dual contribution to the field. Firstly, it introduces
a trimodality registration framework designed to facilitate cardiovaseular treatment for
aortic valve diseases through intraprocedural navigation d dY;I

z'nd TAVR. This

facet of the research collectively addresses societal a linic iwy guiding
oy
cardiovascular treatments in TAVI and TAVR proce for aortic eﬂi@s and
enhancing image-guided systems during cardia en% .\T
Y.

Secondly, the study's contribution exn@ yond\me teal dorné“ns, influencing

e r@“ration technique's

g{h’uided system during

both economic and societal dimensio e trimodality

societal impact manifests in the iﬁgsvement\he i

N,
cardiac treatment, providing h se patientSawith e@ced and safer treatment

options compared to conven*'ina er:r S gery%@ improvement in patient care
is integral to the societ%: inical impact :
Shifting focus‘te, the ecor i
potential reductien of pest- i cosl@v’ heart patients. The advanced techniques
QK p
proposed in_t udy are an ipﬁt

eE} result in lower post-monitoring expenses
NN
compar% se assaci with n-heart surgery. Consequently, the decrease in

the uﬂ cost of heart disea ec@étment Is expected to expand accessibility, enabling

a Xpopulation of heart patients to receive care, thus contributing positively to

3 nal health.
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5.2 Conclusion

This study explored the practical application of a trimodality image regiw
system in Cardiovascular Disease (CVD) treatment procedures, particular@ and
TAVR. It discussed how combining US, CT, and MRl in a trimodalityﬁ*ﬁch could
benefit aortic valve treatments and other applications in clinical” practice. The
trimodality US-CT-MRI system highlights the importance of i Mn guiding aortic
valve treatment procedures by capitalizing on each imagin ity's strengths while

reducing their limitations. The objective is to establish a registrati ner to fuse

"X
2D US images of the aortic valve with preope@rdiac T I’I@Iume
images. 4 i

\ N

t inltlaLé;SI:)ration and
aor@%alve procedures.

Q@wthod using the Dice
N,
Similarity Coefficient (DSC) dorff Distance (Hni‘.?neasures. Moreover, the

The study evaluated the accuracy oﬁpajrimoda!l\egﬁgt

&
results demonstrated that the trim aIiJ roagh ac@d a DSC of 0.92 (£ 0.05) and
CT

0.92 (£ 0.04) when % to L:‘ n"o‘ l@/IRI, respectively, in short-axis
“Mercedes Benz’&wews@( Spongg’ HD were 1.49 (+ 0.20) and 1.49 (+
[

0.19) for both pw The ' es, h%@ﬂ on data from 20 patients, indicate the
¢

excellent ac %»of the pro ed‘te@‘rji—aue in enhancing image-guided systems for
\
aortic V%kical pr es. Q\

ite being a relative\t%ﬁew approach, this trimodality image registration

s%ﬁhlready demonstrates its potential for adoption in clinical practice, showcasing
Q antial clinical results and achieving good agreement between observers.
evertheless, further research and clinical studies are necessary to validate its

usefulness in broader clinical settings.



5.3 Suggestion for Future Work
The following subsections highlight several intriguing and valuable a

research that could be explored to further expand upon the findings pres@ this

thesis. *
5.3.1 US-CT-MRI Image Registration for Other Anatomi |MUI’ES
iZa

For future work, it is recommended to explore th tiO'I of trimodality
image registration techniques to other anatomical struct bey dWent focus.

gistration abrt_'{vy\?l;es.
ns % valu@wg insights

finingé!‘g.trimodality
registration framework, researchers watigate its tiv@% in aligning and

Il | structures. It could

This study has primarily investigated US, CT, and

Hence, extending this approach to different bo
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involve exploring the unique S anﬁ consi eratio(g??ssociated with different
regions, such as the brai %m =or usculg‘életal system. Additionally,

k\' Ieth (?logié'tailored to these specific regions
appgtn’ity of the trimodality registration

the éfe'ntial to advance our understanding and

s and

approach. This line ofwrese

clinical utili %r)f trimodali inﬁg@b?or a broader range of anatomical structures,
%v NN
Ieading% ved diagn } treaﬂ:&%t planning, and patient care.

N)
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5.3.2 Trimodality Image Registration for Other Types of Diseases
One promising direction for future research is to extend trimodalityw
registration methods to other diseases. Although the current research has @?Mated
mostly on CVD and, more particularly, on the aortic valve, expanding hnique to
a wider variety of disorders can lead to important discoveries and hfeakthroughs in
medical imaging. Researchers can evaluate the potential bene of trimodality
registration for accurate disease characterization, treatme ing,'and monitoring
by exploring its applicability to various disease t These ‘dise 3 include
neurological disorders, oncological conditions,{&atory ise s,l :@Eher
cardiovascular conditions. This research woul ita%' ing th@modality
' uniq@aculties and

imaging features. Note that trimoda |mae registration ca %entially increase

diagnostic accuracy, optimize treatr@jwptions, M

registration framework to accommodate individual di

epa ient outcomes across
N

a wide range of diseases if use full)ﬂn vatious clidical conditions.

registration in Kdi imagi ln in@sﬁing and appealing idea that could be
¢

considered %re study_i riﬁo@m image registration (Hosny et al., 2018).

N

r streanm

Researc cam automate ne the image registration process between US,

S

CT, RI using the pow@Al and machine learning. This approach involves

t Al models on large datasets of registered medical images, enabling them to

G complex spatial relationships and patterns. Consequently, these Al tools can be
e

ployed to automatically align and fuse multimodal images, eliminating the need for

manual intervention and reducing the burden on clinicians. Besides, exploring Al-based

93



techniques for uncertainty estimation, quality assessment, and real-time feedback can

enhance the registration process's accuracy, reliability, and efficiency. Al tecw

for automatic image registration have the potential to significantly impr@dical

imaging workflows, leading to more accurate diagnosis, treatment planm&wd image-

guided interventions in a wide range of clinical contexts. Q





