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Atrial fibrillation (AF) is characterised by multiple
excitation wavelets that propagate around the atrial myocar-
dium [1,2]. Multi-electrode mapping systems have made
studying atrial activation pattern feasible, particularly during
open heart surgery and percutaneous intervention techniques
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[3–7]. This has shown the pulmonary venous orifices as the
most frequent source of AF foci, which may also be detec-
ted in other venous-atrial connections [8,9]. Pulmonary
venous ablation of AF circutes has significantly altered
clinical practice and resulted in better outcome for AF patients
[8,10–13].

1. Atrial structural changes in AF

AF results from a complex interaction between various
initiating triggers and development of abnormal atrial tissue
substrate [13]. Although AF is commonly caused by organic
mitral valve disease [14] or functional left ventricular disease
[15,16], the resulting raised left atrial pressure seems to be the
common underlying disturbed pathophysiology [16,17].
Chronically raised left atrial pressure causes increased wall
stress and hence perpetual cavity dilatation [18]. As is the case
with the ventricle in cardiomyopathy, cavity dilatation is
associatedwith different degrees ofmid-wall fibrosis [19]. This
has been histologically confirmed in the atrial wall in AF [19].
The replacement of atrial muscle mass by fibrous tissue [20]
has significant implications on the activation time relations of
the left atrium. Atrial fibrosis prolongs left atrial depolarisation
time, disrupts the cell coupling at gap junction and causes
glycogen granules accumulation [21]. The end result of atrial
wall fibrosis is cavity remodelling and arrhythmia [22]. We
have previously shown that patients prone to atrial arrhythmia
demonstrate significantly reversed electromechanical timing
between the two atria, with the left atrial electromechanical
delay shorter than the right atrium [23].

2. Neural and chemical changes in AF

Normal atrial electrical function is maintained by a balance
between sympathetic and parasympathetic driving systems
[24]. Evidence exists which demonstrates significant lack of
normal autonomic neural balance in patients with chronic AF
[24]. When it occurs, AF is associated with altered ion channel
function [21] and progressive shortening of atrial refractory
periods [25] and hence the established vicious circle ‘atrial
fibrillation begets atrial fibrillation’ [26]. Even within the same
atrium AF is also associated with increased dispersion of
refractoriness between different atrial segments [27]. Finally,
evidence for genetic predisposition toAF exists, suggesting that
ACE D allele modulates angiotensin II levels and hence
contributes to cardiac remodelling and development ofAF [28].

Despite the available wealth of knowledge about atrial
function in chronic AF, paroxysmal AF in patients with struc-
turally normal or even abnormal heart is less well understood
[29]. Such patients may have a labile trigger-predominant
mechanism e.g. fluctuating atrial pressure secondary to raised
left ventricular end-diastolic pressure, compared to those with
permanent AF who have a substrate predominant mechanism
[13,27]. Little is known about the mechanism behind
paroxysmal AF in such patients and hence the ideal
recommendations for its management [30]. Although parox-

ysmal AF could be heart rate related in some patients, it is not
the case in themajority; hence the extreme difficulty in devising
a policy for uniform management [13,27]. Few issues need
thorough investigation in such patients.

1) Is paroxysmal AF an early warning before patients develop
chronic AF? The answer to this question is mainly ‘No’
since patients may develop chronic AF with a completely
normal left atrial size, a commonly seen picture in the
elderly. However, in some patients paroxysmal AF may be
a warning sign, either reflecting progressive mitral valve
disease (stenosis or regurgitation) or left ventricular disease,
irrespective of its aetiology. Progressive calcium deposition
in the epicardial layer of the myocardium may also affect
the conduction system and hence eventual development of
AF, particularly in the elderly.

2) Frequent paroxysms of AF and lack of optimum contractile
atrial function may hypothetically itself cause atrial cavity
dilatation, particularly in the presence of an underlying
substrate for raised atrial pressure. In this case management
should be directed towards the primary underlying problem
as well as aggressive control of the episodes of fibrillation.

3) Another potential mechanism behind paroxysmal AF in
patients with coronary artery disease is atrial ischaemia.
This mechanism is similar in essence to ventricular ar-
rhythmia that reflects myocardial ischaemia.

4) On the other hand, chronic AF may be a desirable
development in some clinical conditions. Patients with se-
vere left ventricular disease and raised end-diastolic pressure
have very little blood pumped into the ventricle during atrial
systole; most of it is reversed back into the pulmonary veins
and hence pulmonary venous congestion and breathlessness
develop. AF in these patients avoids such pulmonary venous
insufficiency and may partially improve symptoms. The
same mechanism applies to patients with atrial flutter,
particularly with ventricular disease, who improve sympto-
matically with electric conversion to atrial fibrillation. Thus,
paroxysmalAF in these patients should also preferentially be
converted into chronic atrial fibrillation to ensure stability.

5) Patients with paroxysmal AF and normal heart may have
disturbed atrial wall stability by increased extra-atrial
pressure e.g. rapid intrathoracic fluid collection. Thorough
investigation of such patients by echocardiography and CT
scanning should guide towards optimum management and
avoid potentially risky anti-arrhythmic medications.

In summary, atrial fibrillation, whether chronic or par-
oxysmal, is a complex disease with multifactorial causes.
Although predictors of its occurrence are important, i.e. atrial
size, detailed assessment of the underlying aetiology is the
only determinant of its optimum management.
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