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Abstract

Inflammation has emerged as being strongly associated with AF initiation and perpetuation, including being implicated as a possible
causal factor. Its role needs further elucidation to assist with the optimal prevention and treatment of AF using an individualized strategy. In
the present review article the current published data linking inflammation to AF is summarized.

Introduction

Atrial fibrillation (AF) can be the final common pathway for a
broad range of cardiac pathology because of secondary sequelae and
impact on the atria.! The predominant factors contributing to the
initiation and perpetuation of the arrhythmia may vary significantly
between different subgroups of the AF population including ‘lone
AF’, underlying hypertension or heart failure populations, and
patients with sick sinus syndrome. Currently accepted contributors
to AF onset and perpetuation include pulmonary vein triggers,
abnormal atrial substrate associated with fibrosis and electrical
remodelling and other dynamic modulating factors such as atrial
stretch and autonomic tone.! The new treatment paradigm for AF
must include an individualized assessment of the main drivers for
atrial structural, electrophysiological and autonomic pathology.
Inflammation has emerged as being strongly associated with AF
initiation and perpetuation, including being implicated as a possible
causal factor. Its role needs further elucidation to assist with the
optimal prevention and treatment of AF using an individualized
strategy. In the present review article I summarize the current

published data linking inflammation to AF.

Inflammatory Biomarkers
'The body’s coordinated response to injury or infection includes
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a range of local and systemic reactions that together form the
inflammatory response. The systemic response is principally triggered
by the effects of circulating cytokines (intercellular signalling
molecules) often produced by activated immune cells (including
lymphocytes, monocytes and macrophages) at the local site of
pathology.? 'The acute systemic inflammatory reaction is associated
with a significant increase in ‘acute-phase proteins’ circulating
in plasma, predominantly triggered by cytokines.? Acute-phase
proteins include C-reactive protein (CRP), complement factors
and coagulation cascade factors.? The cytokines implicated in the
systemic inflammatory cascade include TNF (tumour necrosis
factor), interleukins and chemokines.?

Methods

A comprehensive search was performed using Pubmed for
published articles and abstracts using the search topics AF,
inflammation, C-reactive protein, interleukin, cytokine, tumour
necrosis factor, glucocorticoid, HMGCo-A, angiotensin and fish oil.
A total of 58 articles were reviewed in this paper.

Results

Inflammation and the Link with AF

'The first recognition that AF may be associated with inflammation
was a pivotal observation by Frustaci et al.® that atrial biopsies
from patients with ‘lone AF’ demonstrated myocyte necrosis,
inflammatory infiltrates and fibrosis. Atrial fibrillation is a commonly
observed sequela of acute cardiac inflammation caused by infective
or autoimmune pericarditis. The frequent occurrence of self-limiting
AF in the cardiac surgical post-operative period has also been linked
with an inflammatory process.*

Studies of Inflammation and AF Post Cardiac Surgery
Several factors are likely to contribute to the occurrence of AF post
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cardiac surgery including atrial ischaemia, increased sympathetic
tone, direct atrial trauma from incisions and underlying structural
heart disease. The prominent effect of the inflammatory cascade
which peaks on day 2 to 3 post-surgery, however, closely parallels
the occurrence of post-operative AF.** ‘The self-limiting nature
of postoperative arrhythmia for many patients also points towards
precipitating factors that apparently resolve fully with surgical
healing. A correlation between the acute rise in CRP and onset of
post-operative atrial arrhythmia following coronary bypass surgery
was noted by Bruins et al’ Complement system activation and
the appearance of pro-inflammatory cytokines (predominantly
Interleukin-6) was time- profiled following surgery. 'The peak
of acute phase proteins, particularly CRP was noted to correlate
with the onset of atrial arrhythmia on day 2 to 3. Another study
of post cardiac surgical patients showed a link between pronounced
leukocytosis and an increased incidence of postoperative AF.6

A further intriguing link between underlying susceptibility
to inflaimmation and the occurrence of AF was demonstrated
at a genetic level by Gaudino et al.” The presence of the 174G/C
polymorphism of the Interleukin-6 promoter gene was associated
with significantly higher Interleukin-6 plasma levels, which in turn
appeared to modulate the development of postoperative AF.

Studies of AF and Inflammation

Several studies have examined the association of systemic
inflammatory markers with AF. A credible relationship has been
demonstrated between CRP and the presence and persistence of AF.
Chung et al.® first pointed to the finding of higher CRP levels in
AF patients as compared with matched controls. CRP elevation in
association with new onset AF has also been documented by other
studies.”** Several groups have found concordantly that CRP levels
are higher in persistent forms of AF than paroxysmal.”*"*Unsuccessful
cardioversion was also positively associated with higher CRP levels.’
Elevated CRP and leukocytosis were found to be independent pre-
procedural predictors of recurrent AF following pulmonary vein
isolation procedures'® and higher baseline CRP also appeared to
predict future development of AF in a longitudinal population study
with established cardiovascular disease'® and also time to recurrence
of AF following a successful cardioversion.” A large prospective
epidemiological study which identified risk factors for AF incidence
in women without pre-existing cardiovascular disease ,however,
failed to show that CRP levels were predictive of future AF onset.'

'The question of whether inflammation is causally associated with
AF or a consequence of the arrhythmia has not been answered. Sata
etal.’? examined the levels of several inflammatory biomarkers before
and following cardioversion in patients with recent onset episodes
of AF. Biomarkers including CRP, Interlekin-6, TNFawere all
significantly elevated in patients with AF as compared to controls, but
with an insignificant decline at 14 days post successful cardioversion.
A longer study by Celebi et al.?* did document a significant reduction
in CRP levels by 30 days in a similar patient population who
maintained sinus rhythm following cardioversion.

Insights into the pathophysiology of how inflaimmation might
contribute to the initiation and perpetuation of AF are also provided
by the following studies. Lin et al.* found that in patients undergoing
catheter ablation for AF, a higher CRP level was associated with
findings of increased number of non pulmonary vein trigger sites,
lower mean left atrial voltage and higher frequency AF sites in the

left atrium. The authors drew inferences that CRP was an indicator
of more abnormal atrial substrate and more widespread atrial trigger
sites. Higher CRP levels were also found to be associated with
significantly reduced left atrial voltages and AF recurrence following
pulmonary vein isolation by Verma et al.?? The severity of atrial fibrosis
as detected by delayed-enhancement magnetic resonance imaging
has, in turn, been positively correlated with extent of low-voltage
regions on atrial electro-anatomic mapping in patients undergoing
catheter ablation for AF.* The same study showed a correlation
between severity of atrial fibrosis and persistence of AF, as well
as predicting a poorer therapeutic response to antiarrhythmic and
catheter ablation therapy.”® Inflammatory biomarkers were, however,
not assessed. Because atrial fibrosis is linked mechanistically to a wide
range of pathology, including heart failure and hypertension' the
role of inflammation in the pathway to atrial fibrosis and structural
remodelling is yet to be defined.

Intrinsic susceptibility to an upregulated inflammatory state
that may somehow predispose to the development of AF is
further suggested by newly identified association of interleukin-1
gene polymorphisms including IL-1RN1/2 with ‘lone AF’.** 'The
presence of certain interleukin gene clusters may be associated with
dysregulation of inflammatory reactions and an association with a
higher CRP. 'The interleukin-1 cytokines are also implicated in the
repair reactions of skeletal muscle during and after intense exercise.
Specific interlekin-1 gene polymorphisms have been identified
in association with athletic status (again particularly IL-1 RN1/2
genotype).” The polymorphisms are proposed to have physical
advantage for skeletal muscle health, performance or recovery
capacities but also present an intriguing link to the occurrence of AF
in the endurance athlete population.?

AF, Inflammation and Thromboembolism

AF is associated with a significant increase in rates of systemic
cardio-thromboembolism contributed to variably by left atrial
stasis, endothelial dysfunction and a hypercoagulable state.! There
is a recognised link between inflammation and thrombogenesis
mediated by several factors including endothelial dysfunction,
platelet activation and increased circulating coagulation proteins.”
Studies directly implicating inflammation in the prothrombotic state
associated with AF include a retrospective study which found elevated
Interleukin-6 levels to be an independent risk factor for stroke in
AF patients.?® Interleukin-6 levels were also found to correlate with
a validated point-based score for stroke risk in atrial fibrillation by
Roldan et al.? C-Reactive protein level elevation was correlated with
transoesophageal echocardiography findings of dense spontaneous
echo contrast in the left atrium in patients with AF* a finding
recognized to be an independent predictor for thromboembolism
and stroke. In a study of patients with paroxysmal AF undergoing
catheter ablation left atrial blood samples were collected following
the induction of AF*! Significant acute elevations were documented
in thrombin and prothrombin along with markers of local platelet
activation in the left atrium associated with the onset of AF.

Evidence for Anti-Inflammatory Therapies

HMG-CoA Reductase Inhibitors

HMG-CoA reductase inhibitors, or statins, have been recognized
to have pleiotropic effects on the endothelium to reduce cardiovascular
events. Reduced adhesion and proliferation of inflammatory cells and
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suppression of CRP and Interleukin-6 have all been demonstrated
effects of statin therapy in patients with hypercholesterolaemia and
atherosclerosis.*>** Animal models of AF have shown positive effects
of statin therapy on reduction of AF. In a tachycardia pacing animal
model AF inducibility was significantly reduced in simvastatin treated
dogs.** Another animal study showed that atorvastatin suppressed
CRP, atrial fibrosis and AF duration in a sterile pericarditis canine
model.¥

Several randomized clinical trials have assessed the association
between statin use and the occurrence of AF but have shown
inconclusive results. A small prospective study of 80 patients with
paroxysmal AF were randomized to atorvastatin 40mg at baseline.*
At 6 month follow-up CRP levels were significantly lower and
freedom from AF was significantly higher in the atorvastatin treated
group. A substudy of the large JUPITER trial comparing rosuvastatin
with placebo found that increasing levels of high sensitivity CRP
were associated with an increased risk of incident AF and that
randomization to rosuvastatin therapy significantly reduced the
risk.¥” A recent meta-analysis of multiple randomized controlled
trials evaluating the effect of statins on the recurrence of AF after
electrical cardioversion or catheter ablation, however, did not find a
statistically significant reduction in AF.3#

Glucocorticoids

'The potential for glucocorticoid therapy to suppress inflammation
and thus the occurrence of AF has been predominantly assessed in
cardiothoracic surgical studies, but found to have equivocal results.
Methylprednisolone use in patients undergoing coronary artery
bypass graft surgery did not reduce the incidence of post-operative
AF when compared with placebo.® A large study of dexamethasone
use in patients undergoing coronary or valvular heart surgery was
associated with a decreased incidence of post-operative AF.*
Methylprednisolone or placebo was used in addition to propafenone
in a prospective study of a general population of patients cardioverted
from a first episode of persistent AF.*! Methylprednisolone therapy
was associated with a significant decrease in CRP levels and recurrence
of AF. Acknowledgment of the serious side effects associated with
long-term glucocorticoid therapy has probably limited its perceived
utility in treating inflammation pathways contributing to chronic AF.

Renin Angiotensin System Blockade

Angiotensinogen gene polymorphisms have been positively linked
with an increased incidence of AF.* Interest in the manipulation
of the renin angiotensin system (RAS) for the reduction of AF has

been multifold.® The demonstrated cardiac effects of angiotensin
converting enzyme inhibitors (ACE-I) and angiotensin receptor
blockers (ARB) include lowering of systemic hypertension and
cardiac afterload, decrease in myocardial wall stress, reduction of
sympathetic tone, modification of cardiac ion channel function and
regression of myocardial fibrosis.* AF occurrence might putatively
be reduced by targeting several already known initiating and
maintaining factors including atrial stretch, autonomic tone and
the substrate of atrial fibrosis. Several clinical studies have shown
that RAS inhibition appears to protect against AF in patients with
hypertension and LV hypertrophy, post-myocardial infarction with
left ventricular dysfunction, and chronic congestive cardiac failure,®
however, serological markers of inflammation have not been assessed.
A large randomized placebo - controlled trial of Valsartan in a general
AF population with cardiovascular risk factors (GISSI AF), however,
failed to show a secondary prevention benefit in reducing arrhythmia
recurrence at 1 year.*

Inflammation and fibrosis, however, share many inter-related
pathways and interest has developed in the capacity for the renin
angiotensin system to possibly regulate cardiovascular inflammation.
Animal studies of ACE-I and ARB support an atrial antifibrotic
effect from therapy but don't currently link this mechanistically with
inflammatory pathways. Cilazapril, candesarten and olmesarten
have all been associated with significantly reduced AF duration and
lower percentage of atrial interstitial fibrosis than controls in a canine
tachycardia-pacing induced model of AF.** Vascular studies have
shown that Angiotensin II has a potent effect on vascular endothelial
cells causing upregulation of cell adhesion molecules and stimulating
production of chemokines and cytokines including Interleukin-6.4%4
The concept of local tissue Angiotensin II-generating systems
in the heart, and the vessel wall which operate partly or wholly
independently of the circulating RAS however suggests that vascular
inflammation processes might not be directly extrapolated to atrial
pathology.®® The potential remains that the demonstrated benefit of
RAS blockade in reducing the incidence of AF in certain populations
may be at least partially mediated through an anti-inflammatory
mechanism.

Omega-3 Polyunsaturated Fatty Acids

Omega -3 P Polyunsaturated Fatty Acids (n-3 PUFA) including
docosahexaenoic acid (DHA) and eicospentaenoic acid (EPA)
supplementation have demonstrated clinical benefit for other
inflammatory disorders and arthritis.” Their effect on reducing cardiac
arrhythmia is purported to be due to a cardiac ‘membrane stabilizing’
effect. A putative pathological link has been drawn between the
proarrhythmic metabolites of membrane based arachidonic acid.*
High ratios of arachidonic acid to DHA were noted in myocardial
autopsy specimens from cases of sudden cardiac death in comparison
with controls who had no evidence for cardiac disease.”® High dose
n-3 PUFA supplementation (6g DHA and EPA daily) has been
shown to replace myocardial arachidonic acid from cell membrane
with DHA and EPA, achieving peak levels at approximately 30
days.** In a sterile pericarditis animal model n-3 PUFA dietary
supplementation for 4 weeks prior to surgery was shown to attenuate
the inducibility and maintenance of AF associated with a reduction
of proinflammatory cytokines, including lower Interleukin-6, CRP
and TNF-a.”

The results from prospective trials assessing the effect of n-3
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PUFA on preventing AF occurrence or recurrence have been variable.
Low dose (1-3g daily) trials have been negative in a postoperative
setting”® and in a general AF population post- cardioversion.””
Supplementation in these studies, however, was only commenced one
week or less prior to surgery or cardioversion. Two studies have found
positive benefit for n-3 PUFA associated with supplementation for at
least 4 weeks prior to cardioversion, using low dose (2g daily)* and

high dose (6g daily).®

Conclusions:

Following closely on the heels of recent pivotal advances in
elucidating the role of inflammation in atherogenesis* a credible link
has now been drawn between inflammation and the initiation and
maintenance of AF. Whether inflammation is a causal pathway for
AF or simply an epiphenomenon contributing to its recurrence and
maintenance remains unclear. Several therapies have shown promise
in reducing the incidence and recurrence of AF in subpopulations,
seemingly through anti-inflammatory actions. Currently, however,
neither the routine measurement of inflammatory biomarkers nor
the empiric use of ‘anti-inflammatory’ therapies can be generalized
to the care of the wider AF population.

Because the drivers of atrial pathology and the mechanisms of
arrhythmogenesis vary in the broader AF population there is still
an urgent need to better delineate the cascade of causative factors
in individual patients. Inflammation remains an intriguing player in
the initiation and perpetuation of AF and a potential target for novel
therapies to reduce the morbidity and mortality associated with this
common arrhythmia.
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