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Atrial fibrillation is a common supraventricular arrhythmia which affects 
approximately 1% to 4% of the global population. Atrial fibrillation is more common 
in older individuals; the prevalence of AF increases sharply in those over 80 years old. 
Atrial fibrillation is the most common cardiac arrythmia and is associated with costly 
cardiovascular morbidity such as stroke and heart failure. Inflammation has been 
implicated in the pathophysiology of various cardiac, as well as non-cardiac, diseases 
that are comorbid with atrial fibrillation. Heart failure and cardiomyopathy are 
associated with a 4–6-fold increase in atrial fibrillation prevalence. Inflammation has 
been implicated in the pathophysiology of heart failure and modulates the cell signaling 
activation patterns associated with fibrosis, apoptosis and hypertrophy; these are all 
forms of cardiac remodeling that, when they occur at the atrial level, predispose to 
atrial fibrillation. Rhythm control strategy should be preferred in symptomatic patients 
due to paroxysmal pattern of atrial fibrillation and the presence of a hyperdynamic 
circulation. β-blockers is effective in reducing symptoms when rhythm control is 
not possible Indicated also for HF; Calcium channel blockers (verapamil, diltiazem): 
Effective in reducing symptoms when rhythm control is not possible and Digoxin: 
Second line therapy when β-blockers or calcium channel blockers are not tolerated.

Abbreviations: ADAMTS13: A Disintegrin and Metalloprotease with ThromboSpondin 
Motif Repeats 13; ADP: Action Potential Duration; AF: Atrial Fibrillation; CAD: 
Coronary Artery Disease; DADs: Delayed After Depolarization’s; IL: Interleukin; LA: 
Left Atrial; LVH: Left Ventricular Hypertrophy; MR: Mineralocorticoid Receptor; NETs: 
Neutrophil Extracellular Traps; NF-KB: Nuclear Factor-kB; iNOS: Inducible Nitric Oxide 
Synthase; POAF: Postoperative Atrial Fibrillation; ROS: Reactive Oxygen Species; RYR2: 
Ryanodine Receptor; SGLT2-Inhibitors: Sodium-Glucose Co-Transporter 2 (SGLT-2) 
Inhibitors; TGFβ1: Transforming Growth Factor β1; TNFa: Tumour Necrosis Factor a; 
vWF: von Willebrand Factor

Introduction
Atrial fibrillation is characterized by irregular and often very 

fast contractions of the atrial cardiomyocytes, resulting in an 
irregular heart rate, palpitations, dizziness, shortness of breath, 
and tiredness in the patient. AF can occur when abnormal electrical 
impulses suddenly start firing in the atria and override the heart’s 
natural pacemaker, which can no longer control the rhythm of the 
heart. Importantly, AF is associated with severe complications, such  

 
as thromboembolic events, heart failure, cognitive impairment, and 
increased mortality [1,2]. The progressive stages of AF are associated 
with structural changes that promote contractile dysfunction and 
the impairment of electrical conduction in the atrial myocardium 
[3]. Atrial Fibrillation (AF) is the most common sustained cardiac 
arrhythmia and is associated with considerable morbidity and 
mortality [4]. Biomarkers of inflammation (C-reactive protein and 
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fibrinogen), myocardial injury (high sensitivity troponin I), renal 
dysfunction (fibroblast growth factor-23), and hemodynamic stress 
(NT-proBNP [N-terminal pro-B-type natriuretic peptide]) have 
been reported to be independently associated with prevalent and 
incident AF [5]. The prevalence of AF ranges from 2% in the general 
population to 10–12% in those aged 80 and older. Patients with AF 
are five times more likely to have a stroke and three times more 
likely to experience heart failure compared to healthy individuals. 
AF may also increase an individual’s socioeconomic burden through 
increased healthcare costs [6-8].

Etiological Contributors

 A variety of etiological factors contribute to AF occurrence. In 
most patients, AF results from interactions among multiple factors 
operating simultaneously. Over 70% of AF cases have associated 
heart disease. Aging is a major risk factor, largely via structural 
remodeling. Congestive Heart Failure (CHF), hypertension, valvular 
heart disease, and Coronary Artery Disease (CAD) are common 
contributors. Less common predisposing conditions include 
pericarditis or myocarditis, atrial myxomas, and hypertrophic 
cardiomyopathy. Extracardiac conditions also promote AF 
occurrence. Sufficiently powered studies suggest that heavy 
alcohol consumption promotes AF. Hyperthyroidism is a well-
recognized contributor, and the roles of sleep apnea and obesity are 
increasingly recognized [9,10]. Modifiable risk factors associated 
with atrial fibrillation are hypertension; diabetes mellitus; coronary 
artery disease; heart failure; valvular heart disease; chronic kidney 
disease; obesity; obstructive sleep apnoea; hyperthyroidism; 
smoking; chronic obstructive pulmonary disease; excessive alcohol 
intake and excessive exercise [11].

Pathophysiology

Immunothrombosis refers to the complex participation of the 
innate immune system in the formation of intravascular thrombus 
through distinct cellular and molecular interaction. This local 
coagulation can promote more inflammatory processes, initiating 
atrial remodeling through direct and indirect tissue damage. 
Fibrinogen, Von Willebrand Factor (vWF), and A Disintegrin 
and Metalloprotease with ThromboSpondin motif repeats 13 
(ADAMTS13), a vWF-cleaving protease, are biomarkers that play 
key roles in coagulation and inflammatory pathways, and perhaps 
therefore be associated with AF. However, prospective research on 
this is scarce. Activation of the innate immunity can cause neutrophils 
to release neutrophil extracellular traps (NETs). Besides their 
important role in actively killing pathogens by releasing chromatin 
and DNA, NETs also stimulate coagulation processes by recruiting 
and activating platelets, binding to tissue factor, and stimulating 
fibrinogen and vWF. This way, NETs are at the intersection between 
inflammation and thrombosis, both potentially major players in 

AF pathophysiology [12,13]. AF is initiated by focal ectopic firing 
and is maintained by re-entry mechanisms in a vulnerable atrial 
substrate. The ectopic firing seems to arise from myocyte sleeves 
within the pulmonary veins and is triggered by a diastolic leak 
of Ca2+ from the sarcoplasmic reticulum that in turn determines 
myocyte depolarization due to an inward Na+ current via Na+ 
-Ca2+ exchanger. The re-entry mechanism is promoted by slow 
conduction velocity of the depolarizing wave front and a shortened 
refractory period of cardiac myocytes. The presence of structural 
and electrophysiological atrial abnormalities favors the self-
perpetuation of AF by promoting re-entry [14]. 

Focal Ectopic Activity

Delayed after depolarization’s (DADs) constitute the most 
important mechanism of focal atrial arrhythmias. They result 
from abnormal diastolic leak of Ca2+from the main cardiomyocyte 
Ca2+ storage organelle, the sarcoplasmic reticulum (SR Ca2+ enters 
cardiomyocytes through voltage dependent Ca2+ channels during 
the action potential plateau, triggering Ca2+ release from the SR 
via Ca2+ release channels known as ryanodine receptors (RyRs; 
RyR2 is the cardiac form). This systolic Ca2+ release is responsible 
for cardiac contraction. Following action potential repolarization, 
diastolic cardiac relaxation occurs when Ca2+ is removed from the 
cytosol back into the SR by a Ca2+ uptake pump, the SR Ca2+ ATPase 
(SERCA). DADs result from abnormal diastolic Ca2+ leak through 
RyR2 from the SR to the cytoplasm. Excess diastolic Ca2+ is handled 
by the cell membrane Na+, Ca2+-exchanger (NCX), which transports 
three Na+ ions into the cell per single Ca2+ ion extruded, creating 
a net depolarizing current (called transient inward current, or 
Iti) that produces DADs. DADs that are large enough to reach 
threshold cause ectopic firing. Repetitive DADs cause focal atrial 
tachycardias (tachycardia is a heart rhythm >100 bpm). RyR2s 
are Ca2+ sensitive, and RyR2 leak results from SR Ca2+ overload or 
intrinsic RyR2 dysfunction. RyR2 function is modulated by channel 
phosphorylation: hyperphosphorylation makes RyRs leaky and 
arrhythmogenic [15-17].

Reentry

Reentry requires appropriate tissue properties, a vulnerable 
“substrate.” Reentry substrates can be caused by altered electrical 
properties or by fixed structural changes. Cardiac tissue exhibits a 
discrete refractory period (inexcitable interval following the last 
firing, governed by APD). Reentry initiation usually requires a 
premature ectopic beat that acts as a trigger. The resulting impulse 
conducts through the pathway leading to recording point ii, which is 
no longer refractory, but blocks in the pathway leading to recording 
point iii because of its longer refractory period. The premature 
impulse arrives at the distal end of previously refractory site iii and 
attempts to reenter [18] (Figure 1). 
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Figure 1: Tissue mechanisms leading to AF and clinical forms. 
(A) Ectopic activity can act as a driver maintaining AF or as a trigger on a vulnerable substrate resulting in reentry (single- 
or multiple-circuit). Local driver mechanisms (ectopic or single-circuit reentrant) produce irregular fibrillatory activity via 
fibrillatory conduction. Rapid atrial activity (tachycardia) causes atrial remodeling, promoting multiple-circuit reentry. 
(B) Clinical AF can manifest as paroxysmal AF (self-terminating), persistent AF (requires drug therapy or electrical 
cardioversion to terminate), and permanent AF (non-terminating). Focal ectopic drivers are principally associated with 
paroxysmal forms, functional reentrant substrates with persistent AF, and increasingly fixed substrates with permanent forms 
[51].

Aldosterone

Figure 2: Potential pathogenetic mechanism linking aldosterone excess with atrial fibrillation.

Aldosterone itself has been shown to up regulate MR expression 
in cultured HL-1 cardiomyocytes, thus reinforcing its effects on the 
heart. Since the MR not only binds aldosterone, but also cortisol, 
it can be argued that some effects mediated by MR activation may 
be attributable to cortisol. 11â-hydroxysteroid dehydrogenase 
type 2, an enzyme which converts cortisol to inactive metabolites 
allowing aldosterone binding to the MR, is up regulated in the left 

atrial myocardium of patients with AF, thereby suggesting that MR 
activation in this setting is mainly due to aldosterone [19,20]. As 
regards to the potential physiopathological mechanism linking 
aldosterone excess to FA, aldosterone is thought to be involved 
in the genesis and perpetuation of AF not only by causing AH 
and electrolyte imbalance, but also by inducing inflammation, 
oxidative stress, fibrosis and electrophysiological changes; all these 
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mechanisms contribute to structural and electrical atrial remodeling 
that are known to predispose to AF [21] (Figure 2). Oxidative Stress 
Over recent years, oxidative stress has been investigated as a 
potential essential mechanism in the development of AF. Reactive 
Oxygen Species (ROS) constitute the normal byproducts generated 
through the metabolism of oxygen. These molecules have been 
proven to have a multifaceted effect on the cells present in the 
heart tissue. The prevalence and incidence of AF were related to 
the redox potentials of glutathione (EhGSH) and cysteine, markers 
of oxidative stress. The study concluded that the prevalence of AF 
was 30% higher for each 10% increase in EhGSH, while the same 
alteration resulted in a 40% increase in the risk of incident AF [22]. 
Iron accumulation causes AF is increased oxidative stress [23].

Inflammation

Inflammation has been linked to the onset and maintenance of 
atrial fibrillation, according to accumulating evidence. Inflammation 
contributes to the atrial remodelling involving both structural 
and electrophysiological alterations that form the basis for the 
disease. A large-scale prospective study involving 24,734 women 
participants investigated the association of inflammatory markers 
such as CRP, fibrinogen, and intercellular adhesion molecule 1 
(sICAM-1) with the incidence of AF. The results suggested that 
inflammation is a strong indicator for the incidence of AF with 
the median plasma levels of the biomarkers being independently 
correlated with the development of the disease in patients [24]. 
Inflammation has been implicated in the pathophysiology of 
various cardiac, as well as non-cardiac, diseases that are comorbid 
with AF. HF and cardiomyopathy are associated with a 4–6-fold 
increase in AF prevalence. Inflammation has been implicated in the 
pathophysiology of HF and modulates the cell signaling activation 
patterns associated with fibrosis, apoptosis and hypertrophy; 
these are all forms of cardiac remodeling that, when they occur at 
the atrial level, predispose to AF. CAD is a systemic, lipid-driven 
condition with immune inflammatory components. AF frequently 
occurs in acute myocardial infarction, especially in the early stages 
when the myocardial inflammatory reaction is at its maximal. 
Serum levels of interleukin-6 (IL-6), an inflammatory biomarker, 
were independently associated with AF risk in a cohort of subjects 
with known CAD [25,26]. 

Tumour Necrosis Factor A

TNF-α stimulates an acute immune cell reaction and induces 
inflammation. TNF-α is synthesized by various immune cells, 
including macrophages and lymphocytes [27].

C-Reactive Protein

C-Reactive Protein (CRP) is a highly reproducible but 
nonspecific inflammatory biomarker, synthesized primarily in the 

liver in response to inflammatory cytokines. The circulating level of 
CRP is increased in patients with AF compared with those without 
an AF history, and persistent-AF patients have higher CRP levels 
than do those with paroxysmal-AF [28]. 

Interleukin-6

IL-6 is produced by lymphocytes and stimulates inflammatory 
responses. IL-6 also has anti-inflammatory effects, via the inhibition 
of TNF-α signaling and the activation of IL-10, an anti-inflammatory 
cytokine [29].

Treatment

Lifestyle and dietary modifications including weight loss, 
alcohol reduction, and cardiometabolic risk factor management 
would be a cornerstone for AF prevention. In patients with 
short paroxysms of AF, therapeutic strategies should generally 
concentrate on providing control of the arrhythmia itself. 
Regardless of the arrhythmia pattern or the therapeutic strategy 
chosen, and in the absence of contraindications, patients should 
be considered for anticoagulation if they have one or more risk 
factors for thromboembolism. Patients at low or intermediate 
risk, and higher risk patients in whom warfarin is contraindicated, 
may benefit from antiplatelet treatment [30,31]. The medical 
prescription of medications other than anti-inflammatory agents, 
such as angiotensin-converting enzyme inhibitors, angiotensin 
receptor blockers, and aldosterone antagonists, can all help to 
reduce LA enlargement, atrial fibrosis, and TGF-β indicators, as 
well as atrial dysfunction. These are the most widely used drugs 
for AF and have to be considered for patients with a history of 
heart failure. The novel SGLT-2 inhibitors reveal beneficial effects in 
systolic heart failure included improved cardiac energy metabolism, 
the prevention of inflammation, oxidative stress, adverse cardiac 
remodelling, less LA enlargement, fibrosis, atrial mitochondrial 
dysfunction, inflammation, and AF inducibility [32-34].

Rhythm Control Strategy

Chelation Therapy: Effective in preventing both arrhythmic 
recurrences and iron overload;

Deferoxamine: this was the first iron chelator introduced in 
clinical practice. It has a short plasma life and is not absorbed in 
the gastrointestinal tract, so it must be administered parenterally. 
Deferoxamine can also be administered in continuous intravenous 
infusion when intensive chelation is needed [35]. 

Amiodarone: Effective safe in the short term; Amiodarone 
is often both effective in the control of arrhythmic recurrences 
and safe in the short term. However, its multiple adverse effects 
when taken chronically, associated with the frequent coexistence 
of organ damage from iron accumulation, suggest avoiding 
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prolonged use. Long-term therapy, in fact, is often complicated by 
thyroid and hepatic dysfunction, as these organs are also targets 
of iron-mediated damage. Other antiarrhythmic drugs (flecainide, 
propafenone, sotalol).

Fewer Side Effects in the Long Term and Catheter Ablation: 
Avoiding side effects of antiarrhythmic drugs [36,37]. Catheter 
ablation has been shown to be a safe and effective option for 
rhythm control in patients with AF. Current international guidelines 
recommend ablation for patients with symptomatic AF, both 
paroxysmal and persistent, who have failed an antiarrhythmic drug 
therapy (class I of evidence). However, they also add that ablation 
may be used in selected patients even before a trial of antiarrhythmic 
drugs (class IIa) [38,39]. Flecainide and propafenone have been 
shown to be similarly effective at suppressing symptomatic 
paroxysms of AF and, in the absence of structural heart disease, 
neither drug appears to cause significant proarrhythmia. In general, 
these class Ic agents tend to be better tolerated and more effective 
than class Ia agents, such as quinidine and disopyramide [40].

Rate Control Strategy

Rhythm control strategy should be preferred in symptomatic 
patients due to paroxysmal pattern of AF and the presence of a 
hyperdynamic circulation [41]. β-blockers is effective in reducing 
symptoms when rhythm control is not possible Indicated also for 
HF; Calcium channel blockers (verapamil, diltiazem): Effective 
in reducing symptoms when rhythm control is not possible and 
Digoxin: Second line therapy when β-blockers or calcium channel 
blockers are not tolerated [42].

Anticoagulation

Warfarin: Frequent monitoring of coagulation state (INR) 
and DOACs (apixaban, dabigatran, edoxaban, rivaroxaban): More 
manageable and safer than warfarin [43].

Anti-Inflammatory Drugs

Statins: Statins have pleiotropic actions beyond cholesterol 
reduction, including improved endothelial function, reduced 
thrombogenesis, and suppression of oxidative stress and 
inflammation. In animal AF models, statins decreased AF 
vulnerability [44].

Colchicine: Colchicine suppresses leukocyte activation, 
endothelial cell adhesion and migration. Postoperatively initiated 
adjusted dose colchicine prevented POAF and shortened hospital 
stay without significant adverse effects in a double-blind 
randomized trial [45-47].

Corticosteroids: In an experimental study, tachycardia-
induced atrial remodeling and AF vulnerability were attenuated by 

prednisone treatment; circulating CRP levels were also decrease 
[48-51].

Conclusion
AF is characterized by irregular and often very fast contractions 

of the atrial cardiomyocytes, resulting in an irregular heart rate, 
palpitations, dizziness, shortness of breath, and tiredness in the 
patient. Immunothrombosis refers to the complex participation 
of the innate immune system in the formation of intravascular 
thrombus through distinct cellular and molecular interaction. 
Inflammation contributes to the atrial remodelling involving both 
structural and electrophysiological alterations that form the basis 
for the disease. The medical prescription of medications other 
than anti-inflammatory agents, such as angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, and aldosterone 
antagonists, can all help to reduce LA enlargement, atrial fibrosis, 
and TGF-β indicators, as well as atrial dysfunction.
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