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Introduction
Atrial fibrillation (AF) is the most common sustained
cardiac tachyarrhythmia encountered in clinical practice
and affects 0.4–1% of the general population (1). Its
prevalence increases with increasing age and becomes
quite high in those over 75 years of age (2). It is
characterized by chaotic and very rapid atrial activation
with resultant loss of atrial contractile function. It can
occur in isolation but more commonly is associated with
cardiac or systemic disease states like hypertension.
AF often results in rapid and irregular ventricular rates
causing symptoms of palpitation. However, the major
importance of AF lies in the risk of embolic stroke and
other thromboembolic phenomena (3) associated with it
that can be markedly reduced by appropriate use of oral
anticoagulant drugs. Moreover, AF, especially in the
presence of underlying heart disease or other comorbid
conditions, results in increase in overall mortality (4).
Hence, its recognition and appropriate treatment is of
paramount importance. The present review is the first
part of a three part review on AF, the subsequent parts
related to management of AF will be discussed in future
issues of this journal.
ECG Patterns during AF
••

The chaotic atrial activation during AF results
in either complete absence of P-waves or more
commonly presence of fibrillatory waves (instead
of the normal P-waves) that vary in rate and
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morphology from beat to beat (F-waves). This
is associated with irregular and frequently fast
ventricular rate. The QRS morphology is usually
normal, though widened QRS complexes may be
seen if there is underlying bundle branch block or
aberrant intraventricular conduction occurs during
AF. Another rare but important cause of wide QRS
complexes during AF is preexcited AF wherein
an atrioventricular accessory pathway is present
(Wolff–Parkinson–White [WPW] syndrome) and
conducts antegradely during AF. The ventricular
rate is very rapid and QRS complexes very broad in
the background of markedly irregular RR intervals
in preexcited AF. It is important to realize that
the ventricular rhythm is usually irregular during
AF. A regular slow ventricular rhythm during AF
suggests complete AV block, while AF and regular
fast ventricular rhythm with wide QRS complexes
suggesting ventricular tachycardia along with AF.
Occasionally, and especially after anti-arrhythmic
drug therapy, AF may convert to atrial flutter. Also,
at times atrial flutter may degenerate into AF and
hence ECG pattern in the same patient may fluctuate
between AF and atrial flutter. During atrial flutter,
the atrial rate varies from 250 to 350 beats per
minute and the flutter waves are typically uniform
with the absence of any isoelectric interval between
two consecutive flutter waves. AF can sometimes
be misdiagnosed as atrial flutter (5), especially if
lead V1 shows prominent P-waves, though a more
careful look indicates changing morphology of
the P-waves. Occasionally, atrial tachycardia may
also be seen in patients with paroxysmal AF. It is
characterized by an atrial rate greater than 100/min
with distinct discrete and uniform P-waves. The
rate and regularity of ventricular rhythm depends on
the degree of atrioventricular conduction that can be
1 to 1 or 2 to 1 or more commonly variable.
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Classification of Atrial Fibrillation
Many methods of classification of AF have been
described though the one clinically useful is presented
here. This is based on the presentation and the duration
of the arrhythmic event/s (6).
••

First detected AF: A patient who presents with
documented AF for the first time is designated as
first detected or first diagnosed AF irrespective of
the duration of arrhythmia and presence of AFrelated symptoms.

••

Paroxysmal AF: Self-terminating episodes of AF
that last less than 7 days and usually less than 48
hours are denoted as paroxysmal AF.

••

Persistent AF: When an episode of AF lasts longer
than 7 days or requires cardioversion with drugs or
direct current shock for termination, it is designated
as persistent AF. Two or more episodes of AF in a
patient are called recurrent AF that can be either
paroxysmal or persistent. It is to be noted that these
designations are in no way mutually exclusive;
a patient with usually paroxysmal AF may have
an episode of persistent AF and vice versa. The
patient should be designated to have paroxysmal
or persistent AF based on the predominant
presentation.

••

••

Long-standing persistent AF: When an episode
of AF has been present for more than a year and a
rhythm control strategy is adopted, it is designated
as long-standing persistent AF.
Permanent AF: When it is accepted that AF will
persist since cardioversion has failed, or is not
desirable or not attempted, the AF is said to be of
permanent form. In this form, by definition, rhythm
control interventions are not undertaken. If it is
decided to terminate AF by drugs or direct current
cardioversion, then its designation is changed to
long-standing persistent AF.

Certain other terms are commonly used to describe AF
and include the following:
Silent AF: Asymptomatic episodes of AF may be
detected incidentally in an ECG or due to a complication

of AF like stroke. Usually even in patients with
symptomatic paroxysmal AF, many episodes of AF are
silent and are detected by long-term ECG monitoring.
One-third of patients with AF do not have symptoms
and hence have silent AF.
Secondary AF: AF occurring due an underlying
reversible cause like acute myocardial infarction,
cardiac surgery or pneumonia is called secondary AF,
since treatment of the underlying cause along with
the management of episode of AF usually is enough
for restoring sinus rhythm. Long-term management
including anticoagulation in this subset of AF in not
needed provided the patient does not have episodes
of AF at other times independent of the underlying
transient disorder.
Lone AF: Occurrence of AF in a young patient (<60
years of age) who does not have any cardiopulmonary
disease or hypertension is known as lone AF (7). This
subset of AF patients has very low risk of stroke and
thromboembolism and hence a favorable long-term
prognosis.
Valvular AF: AF occurring in patients with rheumatic
heart disease (RHD), mitral valve disease of other
etiologies, prosthetic heart valve or mitral valve repair
carries high risk of stroke requiring long-term oral
anticoagulation and has been classified separately.
Most studies of oral anticoagulation and stroke risk in
the Western population have been performed in nonvalvular AF.
Etiology of Atrial Fibrillation
Almost any heart disease can be associated with AF,
though valvular heart disease, especially rheumatic
mitral stenosis, is very likely to cause AF. Similarly,
many systemic disease states and disorders of lung and
pulmonary vessels can result in AF. Globally, the most
common association with AF is that of hypertension
varying from 42% in India to 82% in Eastern Europe (8).
The concomitant medical conditions may not directly
result in AF, but may perpetuate AF by promoting a
substrate that maintains AF. The conditions that are
associated with AF may not be directly causative
but may be risk markers for cardiovascular disease
or damage. Table 1 lists the causes and conditions
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associated with AF.
Table 1. Causes and Conditions Associated with Atrial
Fibrillation
1. Valvular heart disease
a. RHD especially mitral stenosis
b. Mitral valve prolapse
c. Prosthetic heart valve
2. Coronary artery disease (CAD)
3. Cardiomyopathy – hypertrophic, dilated or restrictive
4. Sick sinus syndrome
5. Congestive heart failure
6. Congenital heart disease – atrial septal defect, single ventricle, post
Fontan surgery, others
7. Pericardial diseases – Chronic constrictive pericarditis
Pulmonary conditions and associated disorders

Many more interesting data on epidemiology of AF
emerged from the RE-LY AF registry (8) – a prospective
registry of more than 15,000 patients with AF in 46
countries belonging to various income groups. It
demonstrated a wide regional variation in the risk
factors, concomitant diseases and treatment strategies
of AF. Although hypertension was the most common
risk factor for AF globally, RHD was a major cause of
AF in Africa, China, the Middle East and India where
it accounted for almost one-third of patients with AF.
RHD was present in 11.6% of patients globally, but only
in 1.5% of patients in Western Europe and 2.2% in North
America compared to 31.5% in India (8).
In the RE-LY AF registry, the patients with AF in India,
the Middle East and Africa were on average 10–12 years
younger than the other regions of the world (8).
The type of AF also varied among the regions of the
world – paroxysmal, persistent and permanent AF were
nearly equally distributed in Western Europe whereas
in Africa, the Middle East, China and India, there was
large percentage of patients with permanent AF (81.4%,
71.7%, 54.8% and 46.6%, respectively in the four
regions). The percentage of AF patients categorized as
lone AF was low overall varying from 4.4% to 17.9% in
various regions with India having a figure of 6.3% (8).

1. Chronic obstructive pulmonary disease
2. Sleep disordered breathing
3. Primary pulmonary hypertension
Systemic and other medical conditions
1. Hypertension
2. Diabetes mellitus
3. Thyroid disorders – hyperthyroidism, hypothyroidism
4. Obesity

Overall, a history of stroke or transient ischemic attack
(TIA) was present in 13.8% of patients presenting with
AF though the rate was much lower (7.4%) in India (8).

5. Ageing
6. Alcohol
7. Chronic Kidney disease

The registry also showed that the use of oral
anticoagulation in patients with AF was much lesser
than desired varying from 13.7% to 43.8% and even
lesser in countries like India (23.5%) (8).

Familial AF
“Lone” or idiopathic AF

Epidemiology of Atrial Fibrillation
AF is the most common sustained arrhythmia in general
practice with a prevalence of 0.4–1% of the general
population (1) that increases strikingly with increasing
age. It has always been known that rheumatic valvular
heart disease is the most common cause of AF in India
and other Asian countries compared to hypertension
which is the most common associated disease in western
countries.
A small study in rural India found that the RHD was
the commonest cause of AF (61.31%), followed by
hypertensive heart disease and chronic obstructive
pulmonary disease (9).

AF: Mechanisms and Pathophysiology
The initiation and maintenance of any sustained
arrhythmia including AF requires an arrhythmogenic
substrate, potential triggers and precipitating or
modulating factors.
The structural and electrical abnormalities produced by
associated conditions or causative disorders alter the
atrial tissue to promote abnormal impulse formation and
propagation resulting finally in AF (10). The structural
abnormalities include inflammation, myocardial fibrosis
(11) and hypertrophy that can occur as a result of any
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disease like CAD or valvular heart disease or heart
failure that tend to increase atrial pressure, cause atrial
dilation and alter wall stress. Even rapid atrial rates as in
clinical atrial tachycardia or experimental atrial pacing
result in structural alterations in the atrial musculature
that heterogeneously alter impulse conduction and
refractoriness producing an arrhythmogenic substrate.
The triggers that initiate AF are usually focal ectopic
discharges emanating most commonly from the
myocardial sleeves in the pulmonary veins (12) but
can arise from other atrial or venous locations as well.
The unique anatomic and electrophysiologic features
of the pulmonary vein musculature make these regions
arrhythmogenic in nature (12,13). Reentry, automaticity
and triggered activity – any of the three mechanisms
of arrhythmogenesis in the pulmonary veins – may
promote rapid focal firing that can initiate AF which
then becomes sustained in the presence of appropriate
atrial substrate and the biochemical milieu. Although the
pulmonary veins are the most common sites for triggers,
other triggering sites can include coronary sinus, vena
cava, appendages and posterior left atrium.
The exact mechanisms that are responsible for
maintenance of AF are not clearly understood but may
include (a) multiple reentrant wavelets, (b) multiple
rapidly firing foci, or (c) multiple rotors or spiral wave
reentrant circuits (13). Even multiple mechanisms may
be operative in an individual with AF.
Newer insights in the mechanism of AF have implicated
an important role of the autonomic nervous system
(ANS) (14). In fact, some believe that heart has its own
nervous system and the presence of ganglionic plexi in
the atria that are considered a part of ANS have been
target of ablation for AF in some studies (15). Also,
in some patients AF gets provoked during conditions
of high parasympathetic tone like sleep and is known
as vagally mediated AF. Similarly, high sympathetic
activity such as exercise may precipitate AF in certain
other patients (16).

surgery, pericarditis, aging), and activation of renninangiotensin system (as in hypertension). In addition,
many clinical (age, hypertension, diabetes, heart failure,
etc.), electrocardiographic (left atrial abnormality, left
ventricular hypertrophy), echocardiographic (left atrial
enlargement, increased left ventricular wall thickness)
and biochemical (brain natriuretic peptide, highsensitivity C Reactive Protein) markers are associated
with an increased risk of AF (10).
Reversible AF
Cure of AF even if recurrent by elimination or treatment
of underlying cause has supported the notion of reversible
AF. These potentially reversible causes of AF include
acute myocardial infarction, thyrotoxicosis, cardiac and
noncardiac surgery, binge alcohol intake, pulmonary
embolism and WPW syndrome. These patients may
not need long-term treatment including anticoagulation
for AF after elimination of the cause, although clinical
followup is advisable to ascertain recurrence of AF.
AF: Clinical Features, Presentation and
Evaluation
AF may at times be asymptomatic or may present with
varying symptoms that can be grouped as shown next.
In a given patient with symptomatic AF, there may be
many more episodes of AF that are asymptomatic (17).
Absent or unreliable symptoms are more common
among the elderly, whereas the young patients usually
recall the symptoms of palpitations due to rapid and
irregular beating of the heart.
A. Symptoms due to AF per se

••

Palpitations. AF results in irregular and often
very rapid beating of the heart that produces the
symptoms of palpitations. The patients, especially
those who are young, may remember and may
categorically define the irregular nature of their
heart beats.

••

Breathlessness. Rapid ventricular rate during AF
leads to shortening of the diastolic filling time in
the ventricles with resultant reduction in cardiac
output that may present as dyspnea. Also, loss of
effective atrial contraction eliminates the atrial
contribution to the cardiac output (usually 20%)
especially in patients with stiff ventricles like in
elderly or in those with hypertension. This may

Pathophysiologic Mechanisms
Many
different
underlying
pathophysiological
mechanisms may be operative singly or in combination
in patients with AF. These include atrial structural
remodeling (e.g., AT-induced AF, AF begets AF),
inflammation and oxidative stress (as in cardiac
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result in breathlessness and even heart failure.
Breathlessness may also result from left ventricular
systolic dysfunction due to tachycardiomyopathy
as described next.
••

••

Angina. AF in patients with CAD may cause
angina by reducing the coronary blood flow due
to shortened diastole and precipitating ischemia.
Moreover, studies have shown that coronary
blood flow is reduced during irregular ventricular
rhythm in AF compared with a regular rhythm
at the same average rate (18) possibly related
to the sympathetically mediated coronary
vasoconstriction.
Fatigue, lightheadedness or syncope. These
symptoms are more common when AF occurs in
patients with sinus node dysfunction. Syncope can
occur due to a pause that occurs at termination of
AF in some patients.

B. Symptoms due to complications of AF

••

••

••

Stroke. Ineffective atrial contraction during
AF results in stasis of blood in the atria that can
lead to formation of thrombus especially in the
left atrial appendage. Embolization of thrombus
to intracranial circulation can result in embolic
stroke with resultant loss of motor, sensory or
other function. The stroke associated with AF is
more often larger, more disabling and more likely
to be fatal. Hence, stroke is the most important
complication of AF and its risk can be effectively
reduced by long-term anticoagulation therapy. It
is important to recognize that the risk of stroke is
similar whether the AF is paroxysmal, persistent or
permanent and is largely determined by associated
comorbid conditions.

completely or partially with control in rate or rhythm
– a condition known as tachycardiomyopathy
(19). The potential for reversibility is inversely
related to the duration of rapid heart rate; longer
lasting AF with rapid ventricular rates is likely to
have only partial incomplete recovery following
normalization of heart rates.
••

Heart failure. The patients with preexisting heart
disease or left ventricular dysfunction may present
with worsening of heart failure with onset of
AF due to all the mechanisms described earlier.
The patients with diastolic dysfunction due to
conditions like hypertrophic cardiomyopathy often
do not tolerate AF and rapidly worsen.

C. Symptoms and signs due to underlying
cardiac or systemic disease

Finally, a patient with AF may present due to symptoms
or signs of underlying disease like CAD or thyrotoxicosis
or pulmonary disease. The symptoms of AF per se are
absent and clinical evaluation and investigations for the
other disease bring out the incidental diagnosis of AF as
well.
Evaluation of AF
The diagnosis of AF in a patient is based on clinical
history and examination and is confirmed by
electrocardiographic diagnosis made possible by
ECG, Holter monitor, loop recorder or interrogation of
pacemaker. The evaluation of a patient diagnosed with
AF is based on the following principles:
••

Diagnosis of AF and differential diagnosis with
other arrhythmias

••

Characterizing the pattern of AF – paroxysmal,
persistent or permanent

Thromboembolism. Emoblization of atrial
thrombus to systemic circulation other than
intracranial can result in symptoms and signs
related to the region of compromised circulation
like peripheral limb ischemia, mesenteric ischemia
or splenic infarction.

••

Detection of any reversible causes

••

Determination of underlying cause or associated
cardiac or systemic disease

••

Assessment of thromboembolic risk and bleeding
risk

Tachycardiomyopathy. Rapid and irregular
ventricular rates during AF can result in decline in
left ventricular systolic function that gets reversed

••

Investigations to guide therapy including
transesophageal echocardiography to detect atrial
thrombi
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Conclusions
AF is the most common sustained arrhythmia in the
clinical practice and assumes high importance due to
the associated risk of stroke and thromboembolism.
There is a marked heterogeneity and regional variation
in the underlying causes, clinical presentation and
treatment patterns in AF. Since it may be asymptomatic,
its detection even in absence of symptoms by clinical
evaluation and appropriate investigations is important to
guide appropriate therapy in order to reduce the risk of
stroke.
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