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of the dissertation by Bauyrzhan Bakhytovich Kaliyev on the topic:
«Optimization of Computed and magnetic resonance tomography methods in
diagnosing left atrial pathology in patients with cardiac arrhythmias» submitted for
the degree of Doctor of Philosophy (PhD) in the specialty
8D10102 — «Medicine».

Relevance of the Issue.

Atrial fibrillation (AF) is the most common form of cardiac arrhythmia and is a leading
cause of increasing disability and mortality among the population (DiBiase L, Natale
A, .Romero J. Thrombogenic and arrhythmogenic roles of the left atrial appendage in
atrial fibrillation. Circulation, 2018). Sudden cardiac death, accounting for an estimated
15-20% of all fatalities, results from cardiac rhythm disorders (Hayashi M, Shimizu
W, Albert CM. The spectrum of epidemiology underlying sudden cardiac death. Circ
Res.2015;1 16(12):1887-1906). According to the European Society of Cardiology, over
6 million Europeans currently suffer from AF, and its prevalence is expected to rise as
thfa population ages. It is projected that within the next 50 years, the incidence of AF
will double. Half (50%) of all AF-related strokes occur in individuals under the age of
75 (Camm AJ, et al. Guidelines for the management of atrial fibrillation: the Task Force
for the Management of Atrial Fibrillation of the European Society of Cardiology,
2010). The incidence and prevalence of AF are rising globally. According to the
Framingham Heart Study, the prevalence of AF has tripled over the past 50 years.
Estimates from the Global Burden of Disease project indicated that, in 2016,
approximately 46.3 million people globally were affected by AF. It is projected that by
2050, AF will be diagnosed in at least 72 million people in Asia, with around 3 million
of them experiencing AF-related strokes.

AF accounts for 60% of all cardioembolic strokes. Cardioembolic sources, primarily
atrial thrombi, with most localized in the left atrial appendage (LAA), are the most
common sources of (Fuster V, Rydén LE, Cannom DS, et al., 2006).

Approximately 90% of all thrombi are located in the left atrial appendage (LA) (Kong
B, Liu Y, Huang H, Jiang H, Huang C. Left atrial appendage closure for
thromboembolism prevention in patients with atrial fibrillation: advances and
perspectives. J Thorac Dis. 2015). Current treatment strategies for AF include both
pharmacological and non-pharmacological methods. Most AF patients are treated with
antiarrhythmic drugs and anticoagulants, while only those with persistent AF require
cardioversion in various forms. Radiofrequency isolation of the pulmonary vein antrum
is one of the effective approaches in treating patients with persistent AF. However, the
presence of thrombi in the LA appendage is a contraindication to cardioversion. After
the normalization of sinus rhythm, restoration of contractile function and blood flow
can lead to thrombus dislodgement from the LAA, resulting in cardioembolic stroke.
AF significantly affects quality of life, increases the risk of heart failure,
thromboembolic stroke, and mortality due to these conditions. Understanding the
anatomy, physiology, and arrhythmogenic and thrombogenic characteristics of the LA
appendage has become crucial for developing specific diagnostic and therapeutic
methods to address many of the potentially life-threatening consequences of AF.
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The “go.ld standard” for diagnosing thrombi in the LAA is transesophageal
echocafdlography (TEE) (Sallach JA, Puwanant S, Drinko JK, et al. Comprehensive
left atrial appendage optimization of thrombus using surface echocardiography: the
?LO’!‘S multicenter pilot trial. ] Am Soc Echocardiogr, 2009). However, TEE is a semi-
invasive procedure that carries a risk of complications. In patients with various
esophageal disorders, the risk of wall damage and bleeding increases. In some cases,

sedation and anesthetic support are required. It should be noted that TEE does not
always rule out LAA thrombosis due to pronounced spontaneous echo contrast, the
presence of artifacts, or poor tolerance of the procedure.
In this regard, implementing a reliable, non-invasive method for LAA evaluation in
clinical practice is essential. Computed tomographic angiography (CTA) is widely used
in clinical practice. Recent advancements in cardiac CTA technology have made this
method more appealing due to its non-invasive nature, offering a viable alternative to
TEE. Developing risk criteria for thrombosis based on CT imaging could be an
effective method in the prevention of thromboembolism. Magnetic resonance imaging
(MRI), with its high-resolution capabilities, offers high diagnostic accuracy in
detecting LAA thrombosis. This method is non-invasive, safe, and does not require
1odine-based contrast agents. For certain patients with a history of iodine allergies,
elevated creatinine levels, low glomerular filtration rate, or a low pain threshold, MRI
can serve as an alternative diagnostic method for LAA thrombosis, allowing for a
morphofunctional assessment of all cardiac structures.

Research Objective:

To improve CT and MRI methods for diagnosing left atrial appendage (LAA)
thrombosis in patients with cardiac rhythm disorders.

Research Tasks:

1.  To enhance CT and MRI diagnostic methods for identifying left atrial
pathology in patients with cardiac rhythm disorders.
2. To conduct a multifactorial analysis in patients with LAA thrombosis.
3. To perform a comparative analysis of CT angiocardiography results with
transesophageal echocardiography data.
4.  To study gender and anatomical characteristics of the LAA in patients with
cardiac rhythm disorders.
5. To develop an optimal diagnostic algorithm for left atrial pathology in
patients with cardiac rhythm disorders.

Research Methods:

Collection of patient history and atrial fibrillation risk factors
. Coagulogram

Cardiac computed tomographic angiography

Cardiac magnetic resonance imaging

Transthoracic echocardiography

Transesophageal echocardiography
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*  Statistical methods for data analysis
*  Collection of patient history and

Research Subjects:

T}k\ns h;t‘udy investigated groups of patients, comprising 337 individuals with cardiac
thythm disorders and cardiovascular disease risk factors, who underwent examination
;‘(‘;‘i’)_ 3tre:atment at the JSC “National Scientific Cardiac Surgery Center” from 2012 to

Scientific Contribution
This study introduces several innovations to clinical practice, including:

1. Implementing CT angiocardiography for diagnosing left atrial appendage
(LA.P}) ?hrombosis in patients with arrhythmias, specifically using a left lateral
positioning approach;

2. Using MRI to diagnose LAA thrombosis with detailed assessment of heart

chamber function in patients with atrial fibrillation;

3.  Providing  comparative insights  between transesophageal
echocardiography and CT for LAA thrombosis diagnosis;

4.  Examining the unique morphological characteristics of the LAA;

5. Evaluating gender-related differences in patients with atrial fibrillation.

Practical Significance of the Study
The findings from this study have been implemented in healthcare practice:

1. The diagnostic algoritim for patients with cardiac rhythm disorders is
currently in use at the JSC «“National Scientific Cardiac Surgery Center.”
2. This methodology is also utilized in medical education, including in

universities and in advanced training programs for physicians

Theoretical Significance of the Study
The theoretical significance lies in the potential of the study’s findings to advance the

scientific foundation for effective diagnosis and treatment of patients with cardiac
rhythm disorders, paving the way for future research in this area.

Key points for defense

ft side during CT angiocardiography of the left

1. Positioning patients on their le
thereby eliminating the need for additional

atrial appendage improves its filling,

targeted scanning and reducing radiation exposure.
2. The “cauliflower” morphological shape of the left atrial appendage

increases the risk of thrombus formation and the likelihood of thromboembolic events.
3: CT angiocardiography is a less invasive alternative to transesophageal

echocardiography for diagnosing left atrial appendage thrombosis, offering a more
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refined diagnostic approach for evaluati
: aluating left heart abnormalities and making i
recommended option for managing patients with thythm disorders. and making it a

4. Cardi i
- ofbivlact Ml}l, 8 a non-invasive and safe diagnostic method, allows
entricular function while reducing radiation exposure for patients.

Key Presentations of the Dissertation Findings

Tl};ihm%i; findings of this dis.sertation were presented at the following conferences:
— The ( nd International Scientific and Practical Conference for Students and Young
Scientists, JSC “MUA” (Nur-Sultan, 2020);

— The 9th Eurasian Radiology Forum (Nur-Sultan, 2021);

—The Heart Center’s 10th Anniversary Conference: “Building on Experience, Striving
for New Goals” (Nur-Sultan, 2021);

- 'ljhe §3rd International Scientific and Practical Conference for Students and Young
Scientists, JSC “MUA” (Nur-Sultan, 2021);

_ The 64th International Scientific and Practical Conference for Students and Young
Scientists, JSC “MUA” (Nur-Sultan, 2022);

— The 10th Eurasian Congress of Cardiologists, held online (Moscow, 2022);

onference dedicated to the 85th

— The International Scientific and Practical C
2022);

anniversary of Professor Zhangali Hamzabayevich Khamzabayev (Astana,

_The 10th Eurasian Radiology Forum (Astana, 2023);

— The Republican Scientific and Practical Conference with International Participation

“Modern Trends in Aggressive Cardiology” (Astana, 2023);
_ The 65th International Scientific and Practical Conference for Students and Young

Scientists, JSC “MUA” (Astana, 2023).

Implementation of Research Results

A computed tomography method for diagnosing left atrial appendage thrombosis in the
left lateral position was developed and implemented at the JSC ‘National Scientific
Cardiac Surgery Center,’ along with a diagnostic algorithm for suspected cases in

patients with cardiac rhythm disorders.

Publications Related to the Dissertation
Four publications were released based on the dissertation research, including three

articles in journals recommended by the Committee for Control in the Sphere of
Education and Science of the Ministry of Education and Science of the Republic of
Kazakhstan, and one article in a peer-reviewed international journal indexed in the
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Scopus database (ISSN: 0022-9 i )
b o 040, Site Score 1.5, 30th percentile in the field of

Conclusions

1 ¢ . . .
2 ol T:;tgse of the les§ invasive 4 apgnocardogrgphy in both the supine and
lateral positions is crucial for diagnosing left atrial appendage thrombosis
providing an accessible and well-tolerated method for patients. ,
: tZ(i When conducting CT angiocardography in the supine position, additional
argeted scanning of the left atrial appendage is required to rule out blood stasis.

3. Tt}g enhancement of this method by utilizing CT angiocardography in the
1‘eﬁ 1.ateral position allows for the prevention of thromboembolic complications due to
its high diagnostic accuracy.

‘?:. The application of cardiac MRI as an alternative diagnostic method for
left atrial appendage thrombosis in patients with allergic reactions to jodine-containing

agents reduces radiation exposure to patients.

5. The results obtained have been integrated into practical healthcare and

reflected in a diagnostic algorithm for suspected left atrial appendage thrombosis.

These findings can be utilized in educational processes at medical universities and in

continuing medical education programs.

Personal Contribution of the Author
The author contributed by writing the literature review, gathering material,

participating in research studies, and interpreting the results. This involved analyzing
and summarizing the obtained data, as well as conducting statistical processing. During
the collection of literature and scientific materials, the author prepared scientific
articles and abstracts for publication. Additionally, the author presented the main

findings of the research at international conferences.
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