Streszczenie w jezyku angielskim.
Introduction:

Atrial fibrillation (AF) is currently one ot the most common supraventricular arrhythmias
with an increasing prevalence. It leads to the loss of effective atrial contraction due to
disorganized atrial activation. With its pleiotropic aetiology and therapeutic complexity, it
significantly impacts numerous healthcare services in both primary and specialized care.
Despite over a century of research on the pathophysiology of AF, its mechanisms remain
incompletely understood, and treatment outcomes are not always satisfactory. The incidence
of AF is expected to double in the coming decades due to increasing life expectancy, a
growing burden of comorbidities, improved health awareness, and the development of

advanced arrhythmia detection technologies.

Etiological factors for AF include structural heart diseases, genetic predisposition, and a broad
range of extracardiac factors. Among these, age is the principal, non-modifiable risk factor
contributing to increased incidence and prevalence. Other factors can be modified through
lifestyle changes or intensified pharmacological treatment. The rising burden of comorbidities
such as hypertension, diabetes, heart failure (HF), coronary artery disease, chronic kidney
disease, obesity, inflaminatory states, and obstructive sleep apnoea may lead to the
development of left atrial myopathy—a combination of structural, electrical, and functional
alterations in the atria—manifesting as left atrial enlargement, fibrosis, and impaired

contractile function.

Identitying individuals at higher risk of developing AF may facilitate targeted preventive
interventions and screening programs for early detection, especially in high-risk groups such
as patients after stroke or with heart failure. This is particularly important considering that
atrial cardiomyopathy is a progressive process that develops continuously throughout life and
culminates in AF. According to the 2024 European Society of Cardiology guidelines, AF is
not a single disease but typically an electrophysiological manifestation or complication of
various clinical syndromes. A multidisciplinary approach to AF management is necessary—
aligned with the “AF-CARE” concept—which apart from comprehensive treatment of
comorbidities, elimination of risk factors, stroke and thromboembolism prevention should
focus on symptom control, rate and rhythm management, and continuous, dynamic patient

assessment. In line with this approach, catheter ablation should be considered in addition to



available pharmacotherapy as an established method for preventing AF recurrence. The
progress of invasive treatment technologies and innovations improving safety make
interventional treatment increasingly accessible to a broader group of AF patients. A more
detailed understanding of predictive factors, alongside improved ability to anticipate AF and
enhance treatment safety, could significantly influence therapeutic planning and outcomes, as

well as reduce healthcare system costs.
Objectives:

The objectives of the doctoral dissertation correspond to the aims of the three publications
comprising the series of works and focus on evaluating novel factors influencing the

occurrence and interventional safety of atrial fibrillation treatment. These include:

1. An analysis of new factors affecting the occurrence of AF episodes.

B

An evaluation of imaging methods for assessing the risk of AF.
3. An analy sis of factors enhancing the safety of interventional treatment for AF.
Methodology:

The projects were approved by the Bioethics Committee of the Institute of Cardiology as part
of statutory or individual research (statutory research No. 2.33/I11/15; individual research No.
4.3/1/21). The research material included clinical data. laboratory parameters,
echocardiographic and tomographic findings, procedural records, and pharmacotherapy data
collected from patients hospitalized in the 1st Department of Cardiac Rhythm Disorders at the
National Institute of Cardiology in Warsaw. These included patients who had serological
testing for Lyme disease antibodies between 01 March 2010 and 28 February 2011, patients
who underwent coronary CT angiography (CCTA) between 2009 and 2011, and patients
undergoing transseptal puncture (TSP) during ablation procedures for AF and other left atrial
arrhythmias between July and December 2017. The data were compiled into a database and

subjected to statistical analysis.

Publication No. 1 analyzed the association between Borrelia burgdorferi antibodies (anti-BB)
and the risk of AF. Of 630 patients admitted to the department between 1 March 2010 and 28

February 2011 for rthythm disorder treatment, 527 were included in the final analysis. Among



them, 49.9% had AF, 50.1% had elevated NT-proBNP, and 43.6% had hypertension. Anti-BB

antibodies were detected in 131 patients (24.9%).

Publication No. 2 also addressed novel risk factors for AF, demonstrating a correlation
between coronary atherosclerosis and AF. Of 1100 patients admitted for CCTA between 1
January 2009 and 31 December 2011, 549 were qualified. CCTA assessed both coronary
atherosclerosis and measurements of LA, interventricular septum, and posterior wall of the
left ventricle. A 10-year follow-up revealed a significant correlation between AF and coronary

atherosclerosis and increased interventricular septum-to-posterior wall thickness ratio.

Imaging methods in atrial fibrillation are used not only, but perhaps primarily, to enhance the
safety of interventional treatment targeting the substrate of atrial fibrillation, as demonstrated
in Publication No. 3. The objective of this study was to provide quantitative data and to
identify new anatomical landmarks useful during fluoroscopy-guided transseptal puncture
(TSP) in patients undergoing ablation of the atrial fibrillation substrate and other left atrial
arrhythmias. The analysis included 104 patients who underwent ablation of arrhythmias
requiring {ranssepial access between July and December 2017. A correlation was observed
between the measured distances and patient age, body mass index, and heart chamber
dimensions. It was also “ound that the distance between the TSP site and the guidewire
running between the superior and inferior vena cava, as measured in RAO projections, was

very small - a finding that was also subjected to detailed analysis.
Results:

In Publication No. 1, a total of 527 patients were included in the final analysis. The evaluation
of the relationship between Borrelia-specific antibodies and risk factors for atrial fibrillation
(AF) revealed an increased risk of AF and other supraventricular arthythmias (atrial
tachycardia [AT) and supraventricular ectopic beats [SVEBs]), particularly in women with
anti-BB antibodies (2.4-fold higher risk; p=0.003), in patients over the age of 60 (4.2-fold
higher risk; p=0.01), with NT-proBNF levels >125 pg/ml (2.8-fold higher risk; p=0.004), or
with arterial hypertension (3.2-fold higher risk; p=0.004). An interaction was observed
between the presence of anti-BB antibodies and NT-proBNP levels (p-value for heterogeneity
of OR = 0.047). In the case of anti-BB IgG antibodies, their concentration was also
statistically significant in predicting the risk of AF (p=0.003). In the first multivariate model

assessing the occurrence of AF/AT/SVEBSs in patients with anti-BB antibodies, the adjusted



odds ratios (ORs, 95% CI) were as follows: for arterial hypertension — 2.223 (1.394-3.548;
p<0.001), male sex — 1.937 (1.195-3.139; p=0.007), elevated NT-proBNP levels — 2.509
(1.559-4.037; p<0.001), and left atrial dimension — 1.102 (1.060-1.145; p<0.001). The
second statistical model (including NT-proBNP values) confirmed the predictive value of
anti-BB antibodies in the occurrence of AF/AT/SVEBs. Taking into account the interaction
between the tested risk factors, in patients with anti-BB antibodies, the adjusted OR for the
occurrence of AF/AT/SVEBs in the presence of elevated NT-proBNP levels increased nearly
threefold [2.906 (1.381-6.112; p=0.035)].

In Publication No. 2, of the 549 patients included in the study, atherosclerotic changes in the
coronary arteries were diagnosed in 208 individuals (37.9%), and atrial fibrillation (AF)
developed in 63 patients (11.5%) during the 10-year follow-up period. Patients with AF had a
mean age o 61.8 £ 10.4 years (vs. 58.3 + 9.2 years; p = 0.005), a larger anteroposterior left
atrial (LA) diameter (38.2 & 7.2 mm vs. 34.0 £ 5.4 mm; p <0.001), and increased
interventricular septal (TVS) thickness (12.3.£ 2.0 mm vs. 11.0 £ 2.1 mm; p <0.001). Ina
multivariate model of AF occurrence in patients with coronary artery atherosclerosis, the
indexed odds ratios (ORs. 95% CI) were as follows: for female sex — 3.90 (1.27-12.0; p =
0.017), increased VS thickness — 1.541 (1.12-2.12; p = 0.008), and the ratio of IVS
thickness to posterior wall thickness of the left ventricle — 1.029 (1.005-1.054; p=0.017). A
significant correlation was also found between the presence of AF in patients with
atherosclerotic coronary lesions and an elevated IVS-to-posterior wall thickness ratio (p =
0.017), as assessed by coronary computed tomography angiography (CCTA). This suggests
that CCTA may be useful in identifying patients at higher risk of developing atrial fibrillation.

In Publication No. 3, a total of 104 patients with a mean age of 57 £ 12 years were analyzed,
92% of whom underwent pulmonary vein isolation. Prior to transseptal puncture (TSP),
catheters were placed in the coronary sinus (CS) and in the region of the His bundle. A
guidewire positioned between the inferior and superior vena cava was left in place until the
TSP was completed. Fluoroscopic images were obtained in right anterior oblique (RAO)
projections of 45° and 53°. TSP sites located posterior to the puncture reference point in RAO
were assigned negative values, and those located anterior to it were assigned positive values.
The measured distances (in millimeters) were as follows: (a) from the TSP site to the posterior
atrial wall - RAQ 45°: -21 + 7 mm; RAO 53°: —19 + 6 mm; (b) from the TSP site to the free-
floating guidewire — RAO 45°: =5 + 4 mm; RAO 53°: -3 + 4 mm; (c) from the TSP site to the



CS ostium — RAO 45°: 9 £ 6 mm: RAO 53°: 8 + 5 mm; (d) from the TSP site to the His
bundle region — RAQ 45°: 29 4: 8 mm; RAO 53 30 + 8§ mm. To the best of our knowledge.
this is the first study to describe the anatomical location of the TSP site on fluoroscopic
images. A guidewire positioned between the superior and inferior vena cava may serve as an

additional anatomical landmark to facilitate transseptal puncture.

Conclusions:

1. The presence of Borrelia antibodies increases the risk of AF, atrial tachycardia, and
premature atrial contractions nearly threefold in patients with elevated NT-proBNP levels

(OR.2.906; 95% CI 1.381-6.112).

2, Patic.its with coronary atherosclerosis and increased interventricular septum-to-

posterior wa'l thickness ratio are at greater risk for AF (P =0.017).

3 Coronary CT angiography enables identification of patients at higher risk for AF
episodes.
4. The safety of interventional AF treatment can be improved by positioning a guidewire

between the superior anid inferior vena cava, as the TSP site in RAO 45 projection is located

in close proximity to the line defined by this guidewire.
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