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ABSTRACT

Atrial fibrillation (AF) is the most commonly presented arrhythmia in the clinical
setting, and its prevalence contributes significantly towards morbidity and mortality
rates in the general population. Obesity and diabetes mellitus (DM, type | and type II
DM) are recognised, well established independent risk factors of AF which can occur
and contribute towards the development of AF both individually and in a concomitant
fashion. The pathophysiological processes by which a proarrhythmic atrial substrate
is produced in obesity and DM have not been fully elucidated. Further characterisation

of the atrial substrate in obesity and DM induced AF is required.

Chapter one addresses the mechanistic components which may contribute
towards establishing AF, and discusses the early and current insights underlying the
pathogenesis of AF; This chapter describes the current literature available on the
electrophysiological and structural components which may lead to the development of
a vulnerable atrial substrate; these include the role of the action potential (AP), the
relationship between the AP and the effective refractory period (ERP), and the

contribution of inflammation and fibrosis towards AF development.

Chapter two investigates the feasibility and result of combined application of
simultaneous high density conduction mapping with intracellular membrane potential
recording to better understand the genesis and maintenance of arrhythmias in the
isolated atria. Described are the ability to observe changes in action potential (AP)
morphology at a given recording region, regional differences in AP restitution, lack of
correlation between AP duration (APD) and the atrial effective refractory period (ERP),

and AP alternans in amplitude, and, duration.

Vi



Chapter three assesses electrophysiological and structural changes in a rat
model of type | DM (T1DM) using streptozotocin (STZ), which preferentially exerts
toxicity to the insulin-producing beta cells of the pancreas to elicit the T1DM phenotype.
This chapter demonstrates the impact of untreated T1DM on the atrial myocardium.
At the structural level, TIDM animals demonstrated atrial cardiomyocyte hypertrophy
with increased fibrosis. At the electrophysiological level, there was an abbreviation of

the ERP with increased heterogeneity in conduction, as well as prolongation of the AP.

Chapter four describes the impact of obesity, type 1| DM (T2DM) and age on the
electrical and structural properties of the atria using the Zucker (fa/fa) rat model. This
chapter reports cardiomyocyte hypertrophy, increased fibrosis, prolongation of the
APD, increased heterogeneity and slowed conduction, with differences in ERP
between the left and right atrium of the DM animals. These results highlight the
potential difference between the pathogenesis of T2DM from T1DM on the atrial

myocardium in the predisposition towards development of AF.

Chapter five summarises the observations made in the TIDM and T2DM studies
of chapters three and four respectively; this chapter discusses the similarities and
differences shared in the data obtained from the studies, with a brief description of the
potential mechanisms involved in DM-induced pathogenesis of AF, Additionally, the
potential importance of segregating the diabetic states as having individual and
differential influences on the atrial myocardium is highlighted. Future directions and

areas of further research conclude this chapter.

Vi
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Abbreviation

Explanation

AF

Atrial fibrillation

ACE Angiotensin converting enzyme
Ang Il Angiotensin I
AP Action potential

APD20, APDso,
APDsgo, APDgo

Action potential duration at 20, 50, 80, 90% of

repolarisation respectively

ATIR

Angiotensin receptor type 1

BMI Body mass index

CAF Chronic atrial fibrillation

CamKIl Ca?*/calmodulin-dependent protein kinase Il
CHF Congestive heart failure

CHI Conduction heterogeneity index
CPAP Continuous positive airway pressure
CRP C-reactive protein

CVv Conduction velocity

Cx 40, 43 Connexin 40, 43

DAD Delayed after depolarisation

DM Diabetes mellitus

ELISA Enzyme-linked immunosorbent assay
EPS Electrophysiology study

ERP Effective refractory period

fa/fa Zucker rat fatty gene

GLUT2 Glucose transporter 2

HbAlc Haemoglobin Alc (Glycated haemoglobin)
hs-CRP High-sensitivity C-reactive protein

lcaL L-type Ca?* current

ICAM-1 Intercellular Adhesion Molecule 1
IFN-y Interferon-y

Ik1

Inward rectifier K* current

X




Ikr

Rapid delayed rectifier K* current

Iks

Slow delayed rectifier K* current

|Kur

Ultra-rapid delayed rectifier K* current

IL-1,6,8,10 Interleukin-1,6,8,10

lto K* transient outward current

IVC Inferior vena cava

Kir Inwardly rectifying potassium channel(s)

Kv Voltage gated potassium channel(s)

LA Left atrium

LDL-C Low density lipoprotein-C

LV Left ventricle

MCP-1 Monocyte chemoattractant protein-1

MEA Multi-electrode array

NCX Na*/Ca?* exchanger

NDP NanoZoomer digital pathology system

NFkB Nuclear factor kappa-B (light-chain-enhancer of
activated B cells)

OSA Obstructive sleep apnea

Ps, Pso, Pos Phase mapping percentiles 5, 50 and 95

PAF Paroxysmal atrial fibrillation

Pro-BNP Pro B-type natriuretic peptide

RA Right atrium

ROS Reactive oxygen species

RV Right ventricle

RyR Ryanodine receptor

SAC Stretch-activated ion channels

SERCA or Sarco/endoplasmic reticulum Ca?*-ATPase

SERCA2a

SHIMP Simultaneous high density mapping and intracellular
membrane potential recording

SR Sarcoplasmic reticulum

STZ Streptozotocin
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SVC Superior vena cava

T1DM Type 1 diabetes mellitus

T2DM Type 2 diabetes mellitus

TGF-B1 Transforming growth factor beta 1
TIMP-1 TIMP metallopeptidase inhibitor 1
TNF-a Tumor necrosis factor-a

Zfr Zucker fatty rat
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