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O Fire
Thou cleave and kindle the house of heart
Speedest mood of thy flow quivers the core
Knowledge and skill in the field of electrocardiography are constantly changing
with the new researches and understanding.
With humble words I wish to say that everything of Tachyarrhythmias is not
covered within this book. Here I am putting only some of my articles related to
Tachyarrhythmias. It is only a step towards the vast ocean of knowledge. I may be
excused for any error or omission.

With thanks and regards

DEDICATED
TO
FELLOW COLLEAGUES
The Fire of Knowledge voices by the light of flaming
within the dwelling house of ours –
Thy flame-form reaches us with the Treasure of
what we need to serve the mankind.
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SYNOPSIS
Introduction
Based on the electronic model of
the heart by Balthasar Van der
Pol (1889-1959)

 The driving signal being entrained to the electronic circuit results
in the deterministic choice of irregular noises, which might be
considered analogous to the heart’s irregular beatings or
‘arrhythmias’.
 This may be called the ‘Theory of deterministic choice’.
 Chaos and Complexity : Irregularities have patterns too.

How the heart is protected
normally from Cardiac
Arrhythmias

Anatomical-cum-physiological unit of the heart
The protective umbrella of successive action potentials extending
from SA node to the ventricles
The effective refractory period (ERP)

Why we emphasize in knowing
the mechanism of arrhythmia:

Mechanism : Automaticity, Triggered activity and Re-entry
 Better concept : easier to catch the diagnosis
 Possibility of overlapping between these three categories at
cellular level, specially between automaticity and triggered
activity.
 One mechanism may degenerate to be replaced by the another
 Involvement of more than one mechanisms in some cardiac
arrhythmias.
 Designing a therapeutic approach to tackle the arrhythmia in a
methodical way.

Abnormal Automaticity :

Abnormal impulse generation in automatic cells (SA, AV, HISPurkinje system), capable of firing the impulses spontaneously
without an provocation.
1. enhanced automaticity
Site

Term

Rate range
(beats/min)

Sinus node

Sinus tachycardia

100-200

Atria

Atrial tachycardia (unifocal/multifocal) 100-200

AV Node

Accelerated junction rhythm (AJR)

60-130

Purkinje Fibers

Accelerated ventricular rhythm (AVR)

50-110

2. Depressed automaticity of the SA node: as a result of disease
or increased vagal activity
 Sinus bradycardia,
 Sick Ninus Syndrome,
 AV junctional Rhythm
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‘Triggered activity’ due to
afterdepolarizations

Early afterdepolarization
The plateau phase 2 and/or phase 3 of the action potential high
membrane resistance with little current flow
so triggered
beats not capable of inducing tachyarrhythmias.
An action potential with slowing of repolarization rate (bradycardiadependent) associated with one or more triggered beats is the main
underlying factor for long QTc interval leading to tachyarrhythmias
Delayed afterdepolarization
The oscillations of DAD occur after completion of repolarization of
the AP during phase 4. As a cycle length decreases, the amplitude
and rate of the DADs enhances (tachycardia-dependent) and it is
expected to initiate tachyarrhythmias triggered by DADs either
spontaneously or during pacing. In contrast to EADs, DADs are
rapid rates dependent due to the augmentation of intracellular
calcium (Ca2+) ions, e.g. bidirectional ventricular tachycardiaCPVT, also seen in digitals toxicity.

Re-entry mechanism (more
common)

Re-entry re-excitation around a conducting loop, which produces
tachyarrhythmia
Reflected re-entry within AV node (AVNRT)/ inbetween AV node
and accessory pathway (AVRT)
Anatomic re-entry : The impulse circulates around the central
completely blocked tissue
Functional re-entry : the circuit is mainly initiated due to the
alteration in dynamic heterogeneities in the electrophysiological
properties of the involved tissue.
Anisotropic re-entry : in which both anatomic and functional
properties participate in determining path taken by the circulating
wave front ( e.g. typical counterclockwise atrial flutter )
It is not always easy to identify mechanism responsible for
arrhythmias. It is surprising fact that arrhythmia may be
initiated by one mechanism but perpetuated by others.
With atrial fibrillation (Rapidly and repetitive firing cells within the
sleeves of pulmonary veins with atrial reentry phenomena in the left
atrium).

Block

Conduction with aberation:
 Rate-related aberation,
 Functional bundle branch block induced by premature beat,
 Ashman phenomenon during atrial fibrillation.
Bradycardia dependent block as in sick sinu syndrome

Concluding remarks

Cardiac arrhythmias are stupidity by chance, romping through
the ripples of unwanted electricity.
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OUTLINE
 Introduction
 How the heart is protected normally from Cardiac Arrhythmias
 Why we emphasize in knowing the mechanism of arrhythmias
 Automaticity
 Generation of impulses in non-automatic cells – ‘triggered activity’


Early afterdepolarization induced triggered activity:



Delayed afterdepolarization induced triggered activity



Comparison in between early afterdepolarization and delayed afterdepolarization
induced triggered activity

 Re-entry


Reflected re-entry



Anatomic re-entry



Functional re-entry



Anisotropic re-entry

 Block




Conduction with aberration
–

Rate related aberration

–

Functional bundle branch block induced by premature beat

–

Ashman phenomenon during atrial fibrillation

Bradycardia dependent block as in sick sinus syndrome

 Concluding remarks
 References

|4

CARDIAC ARRHYTHMIA : A JOURNEY TOWARDS
REVEALING ITS SECRECY
Dr. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

The sheath of calm surmounts the heart with active force within. At times, it is touched with
the flames of its wrong way passing and the heart has to bear the burden. Over the hills the
heart cries with the sharpest torture of its agony and a help may come with a spontaneous
termination of its trembling. ‘O’ Heart, the light of knowledge would be keeping you away
from submerging into death. The physicians have been keeping their eyes open always for
you.
You wake up again by the might of yours inner life force.
A WONDER IN THE OCEAN OF KNOWLEDGE ……….

DR. Khaitan

Introduction
By the term cardiac arrhythmia – the breaking in with the normal rhythm of the heart comes
in mind. The heart is anatomically and physiologically is designed in a marvellous way so as
to be protected from the unnecessary breaking of its normal rhythm. But at times this
happens – a matter pushed the physicians and scientists to ponder upon the genesis and
remedy of cardiac arrhythmias.
A credit must be extended to the mindfulness brain of the Dutch engineer Balthasar Van
der Pol (1889-1959), who built so many electronic circuit models of the human heart to
study the mathematical dynamics of the heart in the fruitful hope of discovering how to
stabilize irregular beatings. Once I was studying the chapter entitled ‘Chaos and
Complexity Irregularities have patterns too', from the book ‘Taming the Infinite’
(The story of mathematics from the first numbers to chaos theory) written by Ian Stewart,
this reminded me the work of the famous Dutch engineer Balthasar. I thought why not to
understand the concept of cardiac arrhythmia by his electronic mathematical model of the
heart.
Balthasar Van der Pol had invented the electronic model of the heart in the search of
stabilizing the heart’s irregular beatings or ‘arrhythmias’. He noticed that by keeping
the electronic circuit of his model within the vacuum tubes, there was the genesis of only
stable oscillations, what he called ‘limit cycle’. When an extra electrical signal was driven to
this electronic circuit with frequency near to that of the limit cycle, the resultant signal was
shifted to that of the driving signal. In other words, the driving signal became ‘entrained’ to
the circuit. The wave form of the driving signal was quite complicated in its morphology.
This signal was reported by himself and one of his colleagues, Van der Mark to be
irregularly noisy, being heard at a certain driving frequencies between the natural
entrainment frequencies. This was probably the concept of ‘deterministic choice’.
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This deterministic choice of irregular noises might be considered analogous to the heart’s
irregular beatings or ‘arrhythmias’.
This may be summarized as below:

Electronic circuit within
Vacuum tube

‘Stable oscillations – limit cycle’

Driving in the extra signal with
frequency near to that of the
‘limit cycle’

The driving signal–
"entrained" to the
electronic circuit

Noisy oscillations

Fig. 1.1
To me the cardiac arrhythmias may be compared with the noisy oscillations produced by the
electronic heart model of Balthasar Van der Pol. The normal travelling impulse from the SA
node-atria-AV His Purkinje system – ventricles may be compared to the stable oscillation
(limit cycle) of the electronic circuit of Balthasar. And the genesis of cardiac arrhythmias
may be compared to the driving in the extra signals to the electronic circuit.
In summary the following statement can be made:
The driving signal being entrained to the electronic circuit results in the deterministic
choice of irregular noises, which might be considered analogous to the heart’s
irregular beatings or ‘arrhythmias’. This may be called the ‘Theory of deterministic
choice’. Chaos and Complexity : Irregularities have patterns too.
The genesis and complexity both have been well studied by Catheter Ablation of the
arrhythmias wherein 'entrainment mapping' is done during the procedures by the
‘programmed stimulation’ to gather information about the site of arrhythmias and to ablate
accordingly. Programmed stimulation, a means of entrainment is most commonly used during
invasive electrophysiology studies. The electrophysiologists during EPS reveal a lot of
informations about cardiac arrhythmias – a sapphire contribution in the field of cardiology
today.
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How the heart is protected normally from Cardiac Arrhythmias
Normally the heart is being protected from the jolt of cardiac arrhythmias, if not so, life
would be the bed of thorns –the morbidity and mortality would be waked up earlier. There
are certain inherent properties of the heart which defend it against this tide and crisis. There is
a continuous uninterrupted propagation of cardiac impulses from the prime pacemaker SA
node downwards to the ventricles through the specialised conductive system – a
rhythmical tireless journey. It is a matter of no surprise that the heart beats in continuity
throughout life in an individual with a rhythmic pattern without being tired.
The heart is being gifted with certain remarkable electrophysiological properties unique in
itself, namely automaticity, rhythmicity, conductivity, contractility and refractoriness. Since
the heart is a syncytial cellular mass, joint together through the interconnecting link of
intercalated discs, it receives the impulses passing through the conductive pathway.

SA node

AV node
Anterior fascicle
RBB

LBB
Cardiac syncytium

Posterior fascicle

Anatomical-cum-physiological unit of the Heart
Fig. 1.2
The anatomical-cum-physiological unit of the Heart seems to be the watching eyes of the
heart protection – a friendly alliance in working. This is so beautifully designed as to lead the
working of the heart smoothly.
During this journey of its continuity, the heart defends itself against the unnecessary noises of
cardiac arrhythmias. The concept of protection by the alliances in between the cardiac
properties is the most important principle to protect the heart.
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The umbrella protection is the physiological benefit provided by evolved conductive
system of the heart. Though there are many potential pacemakers existing within the heart
(SA node, AV node, His - purkinje system), but the SA node has the fastest inherent
discharging rate. And so it governs the propagation of impulses downward by its
natural overdriving pacemaking mechanism.
The depolarization and repolarization pattern of these conductive system is also organised
in a co-ordinated way as to allow the conduction of impulses uninterrupted till it reaches to
the ventricular mass. A sketch of this system has been illustrated below:

Action Potential At Different Levels
3

0

SAN
4
Atrium
AVN

SAN
AVN

1

2
3

Purkinje

Purkinje
4

Endo
Epi

Ventricle

R
Fig. 1.3

ECG

T
P
q s

A systemic propagation of impulses through the conductive system of the heart is having a
remarkable designing – a sequential activation of the action potential from the SA node
along the conductive system to the ventricles. The entire conductive system has evolved
in order to preserve the unity inbetween the functioning of atria and ventricles both – one
contracts and the other relaxes and so on. The transient delay of impulse conduction in the
AV node allows complete empting of the atria into the ventricles before the event of
ventricular systole is initiated.
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The property of the heart – refractory period is also working as a protective guard to
the entry of unnecessary impulses. Refractiveness is the fundamental property of the heart
hindering response of any extra incoming impulse during this period. This refers to two
phases – effective refractory period (ERP) and the relative refractory period (RRP).
During the effective refractory period a new action potential cannot be entertained but during
the relative refractive period a new action potential can be entertained under certain
circumstances.

1

0

SNP

R

q

s

Fig. 1.4

ERP = Effective refractive period;
RRP = Relative refractive period;
SNP = Super Normal period
Tp segment

All the fast Na+ channels are inactivated - as a
consequence, no stimulus is sufficient to evoke
the response during the ERP

The very protection of the Heart against the unnecessary noises of arrhythmia is based on –

(1) Anatomical- cum- physiological unit of the heart
(2) The protective umbrella of successive action potentials extending from SA node to

the ventricles
(3) The effective refractory period (ERP)
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Genesis of Cardiac Arrhythmias
Before proceeding to the mechanism of arrhythmias a snap-input of the factors which
might allow the genesis of arrhythmias within the heart should be considered in brief.
Though the heart is electrophysiologically well protected but there are certain points of
breaking in – stupidity by chance, romping through the ripples of unwanted electricity.
Cardiac arrhythmia may be simply defined as a variation from the normal heart rate
and/or rhythm that is not physiologically justified. This definition allows either of the
normal heart rate alteration and/or rhythm alteration as well or both, forging the way of
accidental electrical energy towering over the normal rhythm. This is the display of the heart
beating on the wrong path.
An intruder of this accident may be a premature beat or structural/functional changes
within the territory of the site of arrhythmia. Thus, there may be stretching of
arrhythmia’s footings also through the following heart’s yearning breaking in points.
The point of interest is that any stimulus does not cause cardiac arrhythmia unless it is
set at the critical point of vulnerable period.

1. Relative refractory period – This is not having the absolute protection. It responds to
a strong stimulus. Thus, this phase 2 and/or phase 3 of the action potential may be
the starting point of catastrophe.
2. Supernormal period - During this period (nearby the phase 4 of the action
potential) activation can be initiated even with a milder stimulus, because at this
time the cell is excitable and also closer to the threshold potential. A sad event of
cardiac tachyarrhythmias may set in.
3. Tp segment – This is the segment in between at the end of wave of ventricular
repolarization (T) and to the beginning of the wave of atrial depolarization (p). This
cardiac segment is in isoelectric harmony – the diastolic period in rest. This period of
diastole is the relaxing moment for the heart. There remains a possibility of
disturbance in this diastolic period of rest by the incoming premature beat.

The starting point of cardiac arrhythmias is the reflection of opened sodium channels (or in
specialized tissue, calcium channels) either due to cardiac automaticity or by the cardiac
excitation set in at the critical point of vulnerable period. This may take even the form of
circus movement - what we call re-entry phenomenon.
There are three main mechanisms for cardiac arrhythmias
 Automaticity
 Triggered activity
 Re-entry
All these would be discussed subsequently.
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Why we emphasize in knowing the mechanism of arrhythmia:

Fig. 1.5

Already mentioned there are basically three mechanisms: involved in the genesis of cardiac
arrhythmias




Automaticity
Triggered activity
Re-entry

It would be always better to have the concept of cardiac arrhythmia with the following
considerations:


The concept of mechanism involved would impart the vision of changes over 12 lead
ECG during arrhythmias and so it becomes easier to catch the diagnosis



This should kept in mind that there is a possibility of overlapping between these three
categories at cellular level, specially between automaticity and triggered activity



One mechanism may degenerate to be replaced by the another. This happens so when
enhanced automaticity causes local block and initiates re-entry mechanism.



There may be involvement of more than one mechanisms in some cardiac arrhythmias



And accordingly, we can design a therapeutic approach to tackle the arrhythmia in a
methodical way
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Abnormal Automaticity:
Abnormal impulse generation in automatic cells (SA,
AV, HIS-Purkinje system)
Automaticity is the inherent quality of certain group of
cardiac cells, capable of firing the impulses spontaneously
without any provocation, as a result of diastolic
depolarization during phase 4 of the action potential, which
is responsible for bringing the membrane potential quickly
to threshold value. These cells usually belong to the
conductive system of the heart.

4

4

Automatic cells

Firing off impulses
Fig. 1.6
Primary pacemaker

SA node
Subsidiary pacemaker

AV node

His-Purkinje System.

The phase 4 is not having true resting
membrane potential (RMP) due to the
fact that it shows a continuous automatic
activation in a rising semi-curve manner.

Fig. 1.7 Fig. 1.7
The SA node is having the highest capability of discharging impulses and therefore, this is
usually responsible for pacing the heart, the other subsidiary pacemakers remain latent. This
automaticity may be one of the important mechanisms of cardiac arrhythmias. The dominant
pacemaker SA node may be shifted elsewhere over the subsidiary pacemakers or it may bring
alteration in the rate of discharge firing by its automaticity.
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The role of automaticity in different cardiac arrhythmias can be summarized as follows:
1.

Enhanced automaticity

Atrial myocardial cells do not display spontaneous diastolic depolarization under normal
conditions, but can develop the enhanced automaticity of depolarization when a repetitive
impulse initiation sets in: known as ‘Depolarized induced automaticity’.
Site
Sinus node
Atria
AV Node
Purkinje Fibers
2.

Term
Sinus tachycardia
Atrial tachycardia (unifocal/multifocal)
Accelerated junction rhythm (AJR)
Accelerated ventricular rhythm (AVR)

Rate range (beats/min)
100-200
100-200
60-130
50-110

Depressed automaticity of the SA node: as a result of disease or increased vagal
activity
 Sinus bradycardia
 Sick sinus syndrome
 AV junctional rhythm

Generation of impulses in normally non-automatic cells – 'triggered
activity' due to afterdepolarizations
The vulnerable repolarization period is either earlier
during the phase 2 and/or phase 3 of the cardiac action
potential where the relative refractory period may allow
the entry of early depolarization potential or it may fall
after full repolarization resulting in the triggered activity
as delayed afterdepolarization. In contrast to EADs,
DADs are always induced at relatively rapid rates.
When EAD / DAD amplitude is sufficient enough to
bring the membrane to its threshold potential, a
spontaneous action potential, referred to as a triggered
activity is noted. These triggered activities may give rise
to tachyarrhythmias.

Fig. 1.8

EADs ( Bradycardia – dependent)

A

DADs (Tachycardia – dependent)

B

Phase 2
EAD
Phase 3
EAD

Threshold
value

Fig. 1.9

DAD – induced
triggered AP

Threshold
value
DAD

Fig. 1.10
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Early afterdepolarization induced triggered activity:
The plateau phase 2 and/or phase 3 of the action potential is having high membrane
resistance with little current flow, so triggered beats are not usually capable of inducing
tachyarrhythmias. The concerned action potential with slowing of repolarization rate
(bradycardia-dependent) associated with one or more triggered beats is the main underlying
factor for prolonged QTc interval leading to tachyarrhythmias. It seems that resultant
enhanced repolarization dispersion is the provocating factor for initiating torsades de pointes a polymorphic VT twisting over its own axis occurring with long QTc syndrome, as illustrated
below :

Slowing of
repolarization
rate

One or more
triggered beats

Prolonged
Prolonged QT
QTc
EAD

ECG

Normal action
potential

↑ dispersion of ventricular
repolarization

Triggered beats causing torsades
de pointes (± re-entry)

Fig. 1.11

TDP is usually preceded by a serial sequence of long RR interval of the cardiac cycle
followed by a short extra systolic interval with premature repolarization resulting in R- on T phenomenon
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Delayed afterdepolarization-induced triggered activity:
The oscillations of DAD occur after completion of repolarization of the AP during phase 4.
As a cycle length decreases, the amplitude and rate of the DADs enhances and it is expected
to initiate tachyarrhythmias triggered by DADs either spontaneously or during pacing. In
contrast to EADs, DADs are rapid rates dependent due to the augmentation of intracellular
calcium (Ca 2+) ions.
Some important examples of these arrhythmias are catecholaminergic polymorphic
ventricular tachycardia, (a typical clinical phenotype CPVT is bidirectional ventricular
tachycardia, also seen with digitalis toxicity), accelerated ventricular rhythms in the setting of
acute myocardial infarction, some forms of repetitive monomorphic VT, reperfusion-induced
arrhythmias.
Mechanism in CPVT
Spontaneous hyperactive RyR2 channels
Burst of Ca++ release from sarcolemma sac

Activating electrogenic Na+-Ca++ exchanger activity
Triggering delayed after depolarization

CPVT
The RyR2 (Ryanodine receptor) related mutation reveals noval pathways by which RyR2
channels engage sarcolmmal currents to induce life threatening tachyarrhythmia.

A female 24 years old with history of palpitation – CPVT - Bidirectional VT (Source : Global Heart
Rhythm Form by Dr. Fera Hidayati – Femous Cardiologist of Indonesia dated 18 th Feb..2020 )
Fig. 1.12
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The same patient with sinus rhythm during palpitation free period

Fig. 1.13

Pretest

During Exercise Test

Peak Exercise

Recovery

Fig. 1.14
BVT (Bidirectional ventricular tachycardia) attributed to alternating ectopic foci originating from the
distal His-Purkinje System in the left or/ Right ventricle, respectively ( the “ping pong” mechanism)
Aggravation of bidirectional VT during exercise test and assumption to normal during recovery confirm
the case to be CPVT (catecholaminergic polymorphic ventricular tachycardia)
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Comparison in between early afterdepolarization and delayed afterdepolarization
induced triggered activity
Early afterdepolarization Induced triggered activity

Delayed afterdepolarization Induced triggered activity
Phase 4 of the action potential

Site

The plateau phase 2 and/or phase 3
of the action potential

Basic mechanism

Slowing of the repolarization rate
associated with one or more
triggered beats leading to QTc
prolongation
(due
to
high
membrane resistance during this
phase of relative refractory period
is usually not capable of inducing
tachycardia directly)

As the cycle length decreases, the
amplitude and the rate DADs
enhances with initiation of
tachyarrhythmias (super normal
period)

Rate dependency

Bradycardia – dependent

Tachycardia – dependent

through K+ Current

Burst of Ca++ release from
sarcolemma sac with activating
electrogenic Na +-Ca++ exchanger
activity

Electrophysiology



Afterdepolarizations are considered to be ‘afterdepolarizations’ oscillations discharge from
transmembrane potential which are dependent on the preceding action potential. It can give
rise to new action potentials on reaching typical threshold for the activation. This kind of
abnormal impulse generation is known as ‘triggered activity’.



Early afterdepolarization may lead to prolongation of QTc interval with bradycardia dependent
ventricular arrhythmias and delayed afterdepolarization is tachycardia dependent for the
initiation of ventricular arrhythmias.



Afterdepolarizations are abnormal depolarization-sets from cardiac myocites which interrupt
phase 2, phase 3 or phase 4 of cardiac action potential leading to cardiac arrhythmias, as
explained.
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Re-entry Mechanism
Retrograde atrial activation
through fast pathway
FP

AVN
AVNRT

SP
Typical slow – fast AVNRT
Accessory
pathway

Accessory
pathway

AV
Node

AV
Node

Orthodromic AVRT

Antidromic AVRT
Leading circle

Spiral wave

Figure of- 8

Fig. 1.15

Heterogeneous tissue around
an anatomical obstacle

No anatomical obstacle
(functional block)

Classification: re-entry mechanism (more common mechanism)
Re-entry: re-excitation around a conducting loop, which produces tachyarrhythmia



Reflected re-entry within AV node AVNRT/ in between AV node and accessory
pathways (AVRT)

Anatomic re-entry : the impulse circulate around the central completely blocked
tissue
 Functional re-entry – the circuit is mainly initiated due the alteration in dynamic
heterogeneities in the electrophysiological properties of the involved tissue,
 Anisotropic re-entry : in which both anatomic and functional properties participate
in determining path taken by the circulating wave front (e.g. typical
counterclockwise atrial flutter.)
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Re-entry: re-excitation around a conducting loop, which produces tachyarrhthmias:
The revolving re-entrant circle is the important mechanism of Tachyarrythmias. The
incoming impulse circulates around the circle uninterrupted till it gets terminated either
spontaneously or by therapeutic intervention.


Reflected re-entry within AV node AVNRT/ in between AV node and accessory
pathways (AVRT)
AVNRT: In 10% of the population there is admixture of slow conducting and rapid
conducting fibers both within the AV node. And there is a creation of dual pathway within
AV node: slow pathway activates the ventricles and fast pathway activate the atria. This
electrophysiological mechanism results in typical slow-fast AVNRT with short RP interval.
AVRT: along the atrioventricular fibrous ring there may be the presence of a few muscular
bridges in between the atria and ventricles. Thus, there is a creation of a circular loop for
the impulse to pass through inbetween AV node and accessories pathways: the first
activation through AVN-HIS-Purkinje System and then to the accessories pathways creates
the entity of tachyarrhythmias known as orthodromic AVRT with long RP interval. The
reverse pathways creates antidromic AVRT with wide QRS complexes.



Anatomic re-entry : the impulse circulates around the central completely blocked tissue
In the anatomical re-entry there is a presence of the central completely blocked
tissue either in the form of necrotic myocardium, scar tissue or viable cells that are
refractory for some reason. This central anatomical obstacle is surrounded by a
circular pathway on which the wave of entry propagates around.
When the incoming depolarization wave encounters the unidirectional block, it
propagates around the central anatomical block with a slow conduction in a circular
way until the point of block has recovered, thus initiating re -entrant circuit with its
repetition . Conditions that decrease conduction velocity and shortened the refractory
period will allow the initiation of smaller circuits.
This anatomical re-entry is associated with post-infarction VT.



Functional re-entry – the circuit is mainly initiated due the alteration in dynamic
heterogeneities in the electrophysiological properties of the involved tissue,
In functional re-entry the circuit is not determined by the presence of anatomic
obstacle, but rather this circuit is mainly initiated due to the alteration in dynamic
heterogeneities in the electrophysilogical properties of the involved tissue,
The location and size of this functional pathway is variable but they are usually small
and unstable. There are different mechanisms functioning in this variety of re-entrant
circuits. Only one mechanism of spiral wave has been illustrated on the next page ...
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Spiral waves are organised around an unstimulated core
with spiral propagation resulting in slow conduction and
block with different circulating patterns; changing from
one to the another form, may result in polymorphic VT

Fig. 1.16


Anisotropic re-entry : in which both anatomic and functional properties participate in
determining path taken by the circulating wave front (e.g. typical counterclockwise atrial
flutter.)
In typical counterclockwise atrial flutter the crista terminalis in the right atrium might show
the property of anisotropic re-entry (enhanced velocity of impulse propagation along the
longitudinal direction of crista terminalis and slow impulse propagation across
transversely. This forms a short of functional blockade. This allows the impulse to pass
through the cavo-tricuspid isthmus to complete the counterclockwise circuit in atrial flutter

SVC

SVC

C T
AVN
IVC E
R
CTI

CS

CS

IV
C

TV

A

Ventricles

AV
N

CTI
TV
Ventricles

Fig. 1.17
CT – Crista Terminalis ( It provides a barrier to conduction transversely across this )
ER – Eustachian ridge (a ridge in between inferior vena cava and coronary sinus : also
proves to be a barrier).
CTI = Cavo-Tricuspid Isthmus : thus , this remains only the alternative pathway to depolarize
the inferior surface of the right atrium, hence the Cavo-tricuspid isthmus dependent circuit (as
illustrated in diagram A)
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It is not always easy to identify mechanism responsible for arrhythmias. It is surprising
fact that arrhythmia may be initiated by one mechanism but perpetuated by others.
For example, this may be illustrated with the mechanism of atrial fibrillation as shown below,

Atrial Fibrillation

Rapidly and repetitive firing
cells within the sleeves of
pulmonary veins with atrial
reentry phenomena in the left
atrium.

Fig. 1.18
Reentry mechanism over a larger area of atrial myocardium working in an unsynchronized manner.

Block
Conduction delay and block can occur with the failure of the impulse to be conducted down,
usually the block exists at high rates as a result of incomplete recovery of refractoriness. On
the arrival of the impulse when the tissue is till refractory, it will not be conducted or the
impulse will be conducted with aberration, this is the typical mechanism seen in several
conditions such as rate related aberration, functional bundle branch block induced by
premature beat and Ashmans phenomenon during atrial fibrillation.
Bradycardia dependent block as in sick sinus syndrome is caused by the reduction in
excitability at long diastolic intervals with subsequent reduction in the AP amplitude.



Conduction with aberration:
 Rate related aberration
 Functional bundle branch block induced by premature beat
 *Ashman phenomenon during atrial fibrillation.



Bradycardia dependent block as in sick sinus syndrome

*Ashman-phenomenon: in atrial fibrillation, when a relatively long cycle is followed by a
relatively short cycle, the subsequent beat with a short cycle often has the configuration of RBBB.
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Concluding Remarks
Though the heart is electrophysiologically well protected but there are certain points of
breaking in – stupidity by chance, romping through the ripples of unwanted electricit y in the
shape of cardiac arrhythmias.
The driving signal may be initiated at cellular level by automaticity, triggered activity ± re entry phenomena during the cardiac vulnerable period. The resulting irregularities have
patterns too, may be called the ‘Theory of deterministic choice’
The point of interest is that any cellular change does not cause cardiac arrhythmia unless it is
set at the critical point of vulnerable period.
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PREMATURE BEAT –
ELECTROCARDIOGRAPHIC PATTERN
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

ABSTRACT
Introduction

Triad of premature beat
 Altered morphology
 Coupling interval (the distance between the onset of the
preceding sinus beat and that of the premature beat)
 Compensatory pause (the sum of the pre and post ectopic
interval)

Supraventricular
Premature complex

SA Node resetting – time required for premature beat to reset SA
Node and to further discharge its normal sinus beat P with a
somewhat delay incomplete compensatory pause (this pause is not
equal to double of preceding normal beat)

Premature ventricular
complex

While the first sinus impulse is coming down it counters AV
refractoriness with its subsequent blockade , not so with the second
sinus beat and thus resulting in complete compensatory pause ( the
sum of the pre and post ectopic intervals is twice compared to the
interval in between two sinus beats)

Hemodynamic
consequence of PVC

Premature
supraventriucalar
complex
(Atrial / Junctional)

 PVC induced decrement in stroke volume
 Post extrasystolic augmentation : not sufficient to compensate

the decrease in stroke volume brought by the previous PVC →
adverse influence on cardiovascular dynamics

| 23

Diagnosis of PVCs related
mechanism

 With fixed coupling interval , ‘reenty’ is the concerned

mechanism
 With variable coupling interval , the ‘Enhanced automaticity’ is

the concerned mechanism (but there are identical intervals
between consecutive premature complexes)

PVCs with some
characteristic features

 R on T phenomenon which may trigger a run of VT
 The role of bigeminy - a perpetuating cycle of long ‘RR’ interval







Deciding the site of PVC

Intrinsic cardiac neuronal
system and coupling
interval

PVC induced
cardiomyopathy

(the long cycle) may precipitate PVCs in a repetitive manner ,
coupled with normal sinus beat.
Interpolated PVC- PVC is sandwiched in between two normal
sinus beats without any compensatory pause.
PVCs occurring in repetitive pattern – Bigeminy, Trigeminy,
Quardigeminy, couplet with two consecutive PVCs and NSVT
(Non Sustained Ventricular Tachycardia)-three or more VPS
having duration not more than 30 sec.
PVCs may be unifocal or multifocal
PVC originating from the site of myocardial infarction – the
presence of PVCs with qR or QR (but not QS) may also aid in
the diagnosis of myocardial infarction.

PVC with RBBB pattern indicates the site to be left ventricle
PVC with LBBB pattern indicates the site to be right ventricle

ICNS with underneath network of parasympathetic and sympathetic
neuronal fibres might be stressed by PVCs , more with variable /
long coupling interval resulting in electromechanical dysregulation
with subsequent ventricular arrhythmias.

Potentially reversible condition , primarily attributed to very
frequent occurring PVCs

Basis of score calculation : 0-4 (low risk), 5-8 (intermediate risk),
9-12 (high risk)
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Prognostic significance of
PVCs

 PVCs should be considered significant when associated with
structural heart disease.
 Polymorphic PVCs and PVCs in pairs should be always
considered usually indicative of serious myocardial disease.
 Even unifocal PVCs are indicative of heart disease if (i)
frequently occurs in ‘crops’ , (ii) in bigeminal form (iii) in the
presence of structural heart disease (iv) in persons over 40 years
of age or (v) precipitated by exercise
 PVCs occurring in pairs may herald the onset of ventricular
tachycardia or ventricular fibrillation.
 If PVCs occur during digitally intake , it is an absolute indication
to stop the therapy.

Accessing PVCs by noting 
the concerned fact

ECG analysis

Morphology of PVCs , duration of coupling interval , electrical axis
with the determination of its site , evidence of structural heart
disease / recent evidence of coronary heart disease etc. and
comparision with previous ECG if available.
 Holter monitoring of ECG to see 24 hours PVCs burden
 Any recurrent history of such PVCs or any previous
documentation of such episodes by ECG or Holter
 Clinical examination : Age of the patient , clinical evidence of
structural heart disease , drugs history
 Needed investigation : as per need. Don’t forget to have
electrolytes estimation.

Summary of the findings

 The nature of PVCs pointing towards the tendency of VT/VF
 ABC-VT Risk scoring system for VPC-induced cardiomyopathy
 Any noting otherwise as per clinician’s convenience or need
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BSTRACT
OUTLINE
Introduction

Deciding the site of PVCs

Triad of premature beat : altered morphology,
coupling interval and compensatory pause

Difference in between
supraventricular and ventricular
premature complex

The Intrinsic Cardiac Neuronal System
(ICNS) and coupling interval
PVC induced cardiomyopathy

Hemodynamic consequence of
Premature ventricular complex

Prognostic significance of premature
complexes

Worth knowning facts about

Assessment of a case of PVCs

premature beats



Premature supraventricular

Some Interesting ECGs

complex (atrial / junctional)

ECG 1

Atrial premature beat

Ventricular premature complex

ECG 2

Ventricular premature complex

ECG 3

Junctional premature beat

ECG 4

Blocked P' of atrial premature beat



PVCs related mechanism



R on T phenomenon



The rule of bigeminy



Interpolated PVC

ECG 5 PVC with R on T phenomenon



PVCs occuring in repetitive

ECG 6 Multifocal PVC

forms such as Bigeminy,

ECG 7 Ventricular bigeminy

trigeminy, quardigeminy

ECG 8 PVC : interpolated

Couplet , and NSVT.


PVCs – unifocal or multifocal



PVC originating from the site
of myocardial infarction

Further reading suggested

PREMATURE BEAT – ELECTROCARDIOGRAPHIC PATTERN
 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

A Narrative Review

The heart rejoices by remaining within the arms of protection and it keeps smiling and
singing with sweet motion. When thou smile we feel better. It seems that the heart has created
the wall of protection around itself, which would not break in – there are certain fragmented
doors from where the protection is lost and the joy is ruined by breaking in the shielded wall.
The natural rhythmicity may be slain out – The heart may be captured by the new
intruder – 'Extrasystolic beat'.
The history of arrhythmia proceeds. There are multitudinous stirrings in between the heart
and the newer uproaring ......... 'O extrasystolic beat' - thou come on the way.

Introduction

ESIS

Normally the impulse from SA node depolarizes atria first and then the ventricles by passing
through the conducting system which connects the atria with the ventricles. But sometimes an
extra beat may occur earlier either in the atrium or the ventricle, briefly interrupting the
normal heart rhythm and causing the premature contraction of the concerned myocardium .
This extra beat is termed as premature beat which can be studied with the following
subheads :
 The shapes of such premature beats are having altered morphology.
 The coupling interval : the distance between the onset of the preceding sinus beat
and that of the premature beat.
 Compensatory pause : the sum of the pre and post ectopic interval.

Electrophysiological Consequences
SIS
The electrophysiological consequences with premature beat have been illustrated with the
following elementary sketch :
SA node (resetting )
Supraventricular PB
premature beat

AV node

HIS – Purkinje system

Incomplete
Compensatory
Pause

P'QRS
SA node (The next impulse to AV node without refractoriness)

X AV node (refractory)

Ventricular
premature beat
PB

Fig. 1.1

Ventricular excitation
PB (Premature beat)

Complete
Compensatory
Pause

Bizare and Broad
QRS
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SUPRAVENTRICULAR PREMATURE BEAT (atrial/Junctional) faces two nodes on
either side - SA node retrogradely and AV node antegradely and that's why, it sends
impulses on either side simultaneously. The discharge time of SA node is reset with a
somewhat delay to avoid the transient AV node refractoriness . This phenomenon is known
as SA node resetting.
This resetting results in a shorter accompanying pause - known as incomplete
compensatory pause (this pause is not equal to double of preceding normal beat).
Coupling interval (defined as the distance between the onset of the preceding sinus QRS
and that of the premature beat) Supraventricular premature beat is having a fixed timing
interval - known as fixed coupling. This interval remains constant throughout due to the
incoming electrical impulse from the same premature beat site.

VENTRICULAR PREMATURE BEAT faces only one nodal tissue retrogradely i.e. AV
node and from the point of its origin it sends impulses in two direction : one to the AV node
and the other is directed to the ventricular myocytes. Therefore , sinus node timing is not
interrupted in anyway.
One sinus P wave is not able to reach to the ventricles because the AV node is still
refractory from the previous PVC. The next sinus impulse occurs on time based on the sinus
rate. That's why , this results in a complete compensatory pause (the sum of the pre and
post ectopic intervals is twice compared to the interval in betwen two sinus beats).
Coupling interval with ventricular premature beat may be fixed or variable. Variable
coupling is more vulnerable to ventricular arrhythmias.

SA Node

Resetting

SA node resetting = time
required for Premature beat
to reset SA node to further
discharge its normal sinus
beat P: with somewhat
delay : incomplete
compensatory pause

PAC
AV Node

Fixed coupling

P

Fig. 1.2

P'

P

Supraventricular premature
Complex

(The sinus node is typically reset by PAC resulting in incomplete compensatory pause)
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While the first sinus impulse is
coming down , it counters AV
refractoriness with its subsequent
blockade - not so with the second
sinus beat and so resulting in
Complete compensatory pause.

SA Node
AV
Node
PV
C

(Refractorinesss)

Fixed
coupling

Fig. 1.3

Premature ventricular complex (PVC)

Difference in between supraventricular and ventricular premature
complex
ESIS
Supraventricular premature
complex
 Atrial premature beat (non sinus) - Altered shaped P' either pointed, notched,
biphasic or inverted.
 Junctional premature beat inverted P' in inferior leads
(II, III and aVF) with upright P'
in aVR.

Ventricular premature complex

2. Coupling
interval

Fixed

Fixed / Variable

3. Compenstory
pause

Incomplete

Complete

1. Morphology

4. P/QRS
relationship

5. Discordant
ST/T changes

 With atrial premature
complex - P'QRS sequence
being maintained (inverted P'
in inferior leads /upwards P' in
aVR in low atrial premature
beat).
 With premature junctional
complex inverted P' either
before QRS , or buried within
QRS or post QRS with a
shorter PR interval
Absent unless with associated
aberrancy.

Bizarre QRS complex (>0.12 sec) due to genesis within the thicker
ventricular myocardium (ectopic beat
arising very nearby the conductive
system might be narrower in
configuration).

The characteristic ventricular
premature beat is usually not preceded
by a premature P wave.
At times atrial sinus beat is fused
simultaneously with the ventricular
ectopic - this is known as fusion beat.

Present
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Hemodynamic consequence of Premature ventricular complex
This would be interesting to know the hemodynamic consequences of PVC, which might be
useful in its clinical implication with certain clinical situations.
PV
C
Fixed
coupling

Fig. 1.4
 The premature contractions decrease stroke volume to a good extent by its

infringement on diastolic filling of the ventricle. It is physiological principle that the
left ventricular end-diastolic volume is the main determinant of stroke output.
 The next sinus beat following the PVC with its preceding compensatory pause results
in somewhat increase in the stroke volume , but this increase is not sufficient enough
to counteract the previous decrease in stroke output caused by PVC.
 Therefore, it can be stated that post extrasystolic augmentation seems to be associated
with the ‘Frank-starling’ principle of physiology but it does not compensate for the
decrease in stroke volume brought about by the previous PVC.
 This is to be noted that , not only PVCs as such but also post extrasystole exerts the
adverse influence on cardiovascular dynamic consequently.

PVC induced decrement in stroke volume
Post extrasystolic augmentation

Fig. 1.5
The post extrasystolic augmentation is not sufficient to compensate the decrease in stroke volume
brought by the previous PVC – thus , the adverse influence on cardiovascular dynamics.
 Its clinical implication

o The recurrent PVCs might cause the adverse influence on cardiovascular
dynamics, which may be concerned with PVC-induced cardiomyopathy.
o PVCs associated with HCM (Hypertrophic cardiomyopathy)
In case of associated hypertrophic
cardiomyopathy the post extrasystolic
augmentation may result in ineffectual stroke
output due to the associated obstruction in the
ventricular outflow tract.

.
Fig. 1.6
PVCs associated with HCM may result in ineffectual stroke output
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WORTH KNOWING FACTS ABOUT PREMATURE BEATS

ESIS

Premature supraventricular complex (atrial/ jucntional complex) - site being in
atria with atrial premature complex and AV nodal tissue with nodal premature complex.
Electrocardiography events:
Supraventricular premature complex
AV conduction

Blocked
P'

Conducted
PR interval

Normal

Prolonged

Normal

Short

Aberrant

Fig. 1.7

Ventricular premature complex
The followings are the worth knowing facts about ventricular premature complex :
 Points toward the diagnosis of premature complex related mechanism in
general
The consideration of coupling intervals – fixed or variable is the main basis to
determine the premature complex mechanism.






The ‘Reentry’ mechanism results in a fixed coupling interval and thus,
with fixed coupling interval ‘Re-entry’ is the concerned mechanism of the
premature complex.
‘Enhanced automaticity’ results in variable coupling interval and thus ,
with variable coupling interval the ‘Enhanced automaticity’ is the
concerned mechanism for the premature complex (but there are identical
intervals between consecutive premature complexes).
If there is neither fixed coupling interval nor a constant relationship
between abnormal beats, then reentry or enhanced automaticity may be
considered for the mechanism.
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 R on T phenomenon
The coupling interval is the interval in between the preceding normal sinus beat
and the following ventricular premature complex. Usually this remains fixed,
sometimes the interval may be variable depending upon the earlier onset of
PVC , which may lie nearby the preceding T wave or even may fall upon the
descending limb of the T wave - this is known as R on T phenomenon. This
phenomenon may trigger a run of VT and may represent at worst with a rise of
sudden death. These R on T PVCs may be specially fatal in acute ischemic
conditions , because the ischemic ventricles may be more vulnerable to
ventricular tachycardia or ventricular fibrillation, specially in the early stages of
myocardial infarction and also in hypokalemia.
Even polymorphic VT may set in with the preceding prolonged QTc interval..
This is a dangerous condition which may end in Torsades de pointes
(TdP).
Mechanism : Ventricular premature complex with variable coupling interval
works as a stressor for underneath ' Intrinsic Cardiac Neuronal System'
(ICNS) leading to arrhythmogenicity with ventricular remodelling. This may
result in ventricular arrhythmias.
 The rule of bigeminy
A perpetuating cycle of long 'RR' interval ( the long cycle ) may precipitate
ventricular premature extrasystole in a repetitive manner. Thus , this ventricular
bigeminy emerges out only after long compensatory pause. This enhances the
increased prevalence of PVC at a slower heart rate.
 Interpolated PVC
Sometimes the retrograde impulse from PVC makes AV node minimally
refractory so that there is no refractoriness for the next sinus impulse and so
PVC is sandwiched in between two normal sinus beats without any
compensatory pause. This phenomenon is known as interpolated PVC. One
point is to be noted here that the phenomenon of concealed conduction may
occur at a times with interpolated PVC. This concealed conduction usually
occurs when a retrogradely conducted interpolated PVC enters the
atrioventriucular node ; the next sinus beat is unable to be conducted to the
ventricle or conducted with somewhat a prolonged PR interval due to increased
refractoriness of AV conduction system.
 PVCs often occuring in repetitive pattern
 Bigeminy - Every other beat is a VPC (already explained)
 Trigeminy - Every third beat is a VPC
 Quadrigeminy - Every fourth beat is a VPC
 Couplet - Two consecutive VPCs.
 NSVT (Non sustained ventricular tachycardia) - three or more VPCs
having duration not more than 30 sec. , are termed as Non- sustained
ventricular tachycardia.
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 PVCs may be unifocal or multifocal
Unifocal PVC arises from the same ectopic focus , passing through the same
pathway of conduction to have QRS morphology of similar nature in the same
lead recorded at the same time.
Multifocal PVC gets originated from different ectopic foci but sometimes having
origin from the single focus to be conducted to the ventricles through different
pathway or routes. That's why, the complexes are variable in morphology in the
same lead recorded at the same time.
 VPC originating from the site of myocardial infarction
The presence of premature ventricular complexes of qR or QR (but not QS)
may also add in the diagnosis of myocardial infarction.

Deciding the site of PVC
SIS
 Since the right ventricle corresponding to V1 & V2 lies anatomically anterior to the
left ventricle , any PVC arising from the left ventricle will pass towards the right
ventricle inscribing a dominant left ventricular epicardial complex in V1 & V2 and
right ventricular epicardial complex of PVC over V5-V6 and thus PVC resemble right
bundle branch block (RBBB).
 Reverse will happen in case PVC arising from the right ventricle , then left ventricular
activation is delayed , and the QRS complex resembles the left bundle branch block
(LBBB).

(Source : Global Heart Rhythm Forum by Dr. R. Rajasekar, Kumbakonam on 14.05.2019)
ECG Findings :
PVC in lead V1 is predominantly negative while in V5-V6 , it is predominantly positive,
resembling LBBB.
Site of PVC = right ventricle.
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 PVC originating from the interventricular septum will give rise to QRS complex
in between LBBB and RBBB morphology. But the complexes are usually
narrower due to its proximity to the interventricular septum.
 Sometimes PVCs originating from ventricular outflow tracts – pulmonary or aortic
are termed as outflow tract PVCs. The axis is being directed from basal ventricular
outflow tract towards the ‘inferior/rightward’ axis with LBBB and RBBB pattern
respectively.
 If the PVCs are originating from the apex of the heart , the axis is directed superiorly
with negative polarity or the inferior leads.
ST-T changes in the reverse direction of the premature ventricular complex are secondary in
nature due to depolarization process through muscle-to-muscle conduction , not traversing to
the normal conduction pathway. These are disconcordance changes.

Fig. 1.8
PVC arising from RVOT (pulmonary tract) with ‘inferior’ axis (around + 90 0)
pointing downwards towards the inferior leads with LBBB morpholoy

Accordingly based on the same concept the PVC arising from the right ventricle will be
having LBBB morphology with different axis depending upon the site of PVC and PVC
arising from the left ventricle would be resembling with RBBB (already explained on the
previous page).
The site pointing towards electrical axis with QRS morphology would be very helpful when
dealing with ventricular tachycardia.
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The concept of ‘Intrinsic Cardiac Neuronal System’ (ICNS) and the
coupling interval
The coupling interval is the distance between the onset of the preceding sinus beat and that of
the premature beat. Within the myocardium there is a sensitive ‘Intrinsic Cardiac Neuronal
System’ embedded with the network of parasympathetic and sympathetic neuronal fibres.
PVCs may causes stresses to this neuronal system with somewhat ventricular remodelling.
Here it would be valuable to mention certain points in this context :
PVCs are stresser to the cardiac neuronal population , more by variable / long coupling
intervals
PVCs having localized convergent areas are more stresser
Thus , more intraventricular dispersion is being created with more chance of ventricular
arrhythmogenecity.
Electromechanical dysregulation with ICNS is responsible for arrhythmogenecity with
ventricular remodeling and subsequently ventricular arrhythmias

PVC- induced cardiomyopathy
This terminology is used for reversible left ventricular (LV) function. This function that is
primarily attributed to very frequent occurring PVCs
Mechanism
Recurrent electromechanical dysregulation with asynchronous activation of the ventricles is
said to be pathogenesis of PVC-induced cardiomyopathy.
Its recognition
The recognition of this extrasystolic cardiomyopathy becomes important since it is a
potentially reversible condition.
PVC Risk Score: ABC-VT index of suspecting PVC-induced cardiomyopathy

Axis (Superior)
Burden
Coupling interval

1 Point
10-20%

2 Points

>20%

3 Points

(>500ms)

Ventricular Tachycardia

4 Points
4 Points
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Axis (Superior)
Axis (Superior) is said to be present when if all the inferior leads (II, aVF & III) show the
predominant S pattern (rS).

Burden
Holter ECG Monitoring is needed to calculate the true burden during 24 hours time.
On average 100000 beats the human hearts faces in 24 hours – this is the basis of calculation.
Ten thousands PVCs on holter accounts for 10% burden and accordingly, twenty thousands
PVCs per day accounts for 20% burden.

Coupling interval (>500 ms)
PVCs with coupling interval >500 ms (long coupling intervals) are more stresser to the
cardiac neuronal population with more intraventricular dispersion resulting in
electromechanical dysregulation. That’s why , this ventricular remodelling becomes the
source of PVC-induced cardiomyopathy.

Ventricular Tachycardia
It may be non-sustained ventricular tachycardia (NSVT) or VT as such
Three or more PVCs having duration not more than 30 sec. , are termed as Non-sustained
ventricular tachycardia.
Patient 1
ABC –VT Score 2
( Low risk )

V1

Axis – Inferior
Burden – 16%
Coupling interval = 400 ms
VT – Nil

II
V6

Fig. 1.9

Patient 2
V1

II
V6

ABC –VT Score 11
( High risk )
Axis – Inferior
Burden – 24%
Coupling interval = >500 ms
NSVT– Present

Fig. 2.0

Basis of score calculation - 0-4 (low risk), 5-8 (intermediate risk) , 9-12 (high risk)
Such cases having high risk (and with intermediate risk if needed) must be referred to the cardiologist.
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Prognostic significance of premature complexes
Usually PACs are normal , it does not require investigation or treatment. But in patient with
underlying conditions like left atrial enlargement , ischemic heart disease , WPW etc , APB
may be trigger point of initiating re-entrant tachyarrhythmias - e.g. atrial flutter , atrial
fibrillation , AVRT and AVNRT. Killip and Gault stated the rule that when PR interval
< 50% of the previous PP interval , an APB is quite likely to initiate atrial flutter /
fibrillation.
The ventricular premature beats may occur in patients with or without heart disease. The
PVCs are always considered significant if associated with a heart problem.
Before discussing the details , it would be better here to have a concise overview over the
evolutionary concept of PVCs , as illustrated below :

I
II
III

Occasional PVCs
PVCs in bigeminal form
Complex PVCs
 PVCs in pairs
 Polymorphic VPCs
 The episodes of Ventricular Tachycardia

This concept is a rough scheme to look at PVCs
For the prognostic stratification it is essential to look at the following points :
 PVCs should be considered significant when associated with structural heart disease.
 Polymorphic PVCs and PVCs in pairs should be always considered usually indicative
of serious myocardial disease.
 Even unifocal PVCs are indicative of heart disease if (i) frequently occurs in ‘crops’ ,
(ii) in bigeminal form (iii) in the presence of structural heart disease (iv) in persons
over 40 years of age or (v) precipitated by exercise
 PVCs occurring in pairs may herald the onset of ventricular tachycardia or
ventricular fibrillation.
 If PVCs occur during digitally intake , it is an absolute indication to stop the therapy.

Moss has proposed a simplified , two level system for accessing the prognostic
significance of VPCs after acute myocardial infarction.
Uniform morphology and late cycle
Multiform and / or early cycle

Low risk
High risk

Two year mortality , 10%
Two year mortality , 20%

The above mentioned points should always be considered while accessing the significance of
premature beats.
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Assessment of a case of PVCs requires a thorough noting of the concerned
facts by a clinician
ECG analysis
 Morphology
Unifocal
In bigemini pattern
Complex VPCs :
Multifocal
Ventricular couplets
Nonsustained VT
 Duration of coupling interval
 Electrical axis with the determination of its site
 Evidence of structural heart disease / Recent evidence of coronary heart disease
 Compare with the previous ECG if available
--------------------------------------Holter monitoring ECG to see
24 hrs.PVCs load
 10-20%
 >20%
---------------------------------------Any recurrence history of such PVCs or any previous documentation of
such episodes by ECG or Holter
------------------------------------------Clinical examination
 Age of the patient
 clinical evidence of structural heart disease
 Drugs history specially of sympathomimetic nature or antiarrhythmic drugs
---------------------------------------Needed investigations
 as per need Do'nt forget to have electrolytes estimation specially K and Mg
--------------------------------------Summary of the findings:
 Propensity towards the development of VT/VF
 ABC - VT Risk scoring system for PVC- induced Cardiomyopathy
 Any noting otherwise
The concerned clinician may add any concerned noting as per his convenience or need.
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ECG
(1)

Atrial Premature beat

COUPLING INTERVAL
 INCOMPLETE COMPENSATORY PAUSE (pre ectopic
+ post ectopic interval < 2 sinus interval)

ECG
(2)

Ventricular premature complex

45 YEARS
FEMALE
(Source
: Global
Heart Rhythm Forum by Dr. R. Rajasekar, Kumbakonam on 14.05.2019)

COUPLING INTERVAL
 COMPLETE COMPENSATORY PAUSE (pre ectopic +
post ectopic interval = 2 sinus interval)

 ASSOCIATED DISCORDANT ST / T
CHANGES
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ECG

Junctional Premaute Complex, as lustrated below

(3)

A

SAN

P'

P'
aVR

aVL

III

P'

II

aVF

P'

AV nodal beat with retrograde conduction
to the atrium followed by the antegrade
conduction to the ventricle

P'

Inverted P' in inferior leads and upward P' in lead aVR

ECG
(4)

Blocked P' of atrial premature beat

Blocked APC
may mimic sinus
bradycardia –
pseudo
bradycardia
(Blocked PAC on
T as ticked
( SOURCE - CME INDIA - 23.01.2020 by Dr. N.K Singh)
marked by red
arrow)Blocked APC is due to refractoriness of the AV Node from the previous sinus beat and thus , slow pulse
rate is due to the post-atrial longer ectopic pause.
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SOME VARIANTS OF VENTRICULAR PREMATURE COMPLEXES (VPCS)
ESIS

ECG
(5)

Ventricular premature complex (PVC) with R on T phenomenon : The
normal T wave represents the end portion of ventricular repolarisation , at this
point the ventricles are still excitable , that's why , any PVC falling on or coming
nearby T wave of the preceding beat is termed as ' PVC with R on T phenomenon'
( ) as pointed below . These PVCs predispose to the development of ventricular
*
tachycardia / ventricular fibrillation.

*

(Source : Global Heart Rhythm Forum by Dr. U.N. Singh on 26.05.2019) - Cut
portion of Halter monitor snapshot of an elderly lady C/o Palpitatations.

ECG
(6)

Multifocal (Multiform) ventricular premature complexes (PVCs) : PVCs may
take origin from different ventricular ectopic sites , but sometimes taking origin
from a single focus , being conducted to the ventricles through different pathways
or routes. That's why, the complexes are variable in configuration in the same lead
being recorded at the same time.

Source : Global Heart Rhythm Forum by Dr. Fera Hidayati ( famous cardiologist from
Indonesia) on 11.06.2019
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ECG
(7)

Ventricular bigeminy :
The rule of bigeminy : A perpetuating cycle of long 'RR' interval (the long
cycle length) may precipitate ventricular extrasystole in a repetitive manner .
Thus , this ventricular bigeminy emerges out only after a long compensatory
pause. This explains the increased prevalence of PVC at a slower heart rate.

Source : CME INDIA on 07.08.2020 by Dr. Pradeep Sahay)
History : Aged 65 years , palpitation , chest pain, breathlessness, Gross Cardiomigaly on
chest radiology.

ECG Findings :

 Alternating normal QRS and VPC with a long diastolic interval suggestive
ventricular bigeminy.
 Low voltage QRS in precordial leads.
 Poor R wave progression
(most probably a case of dilated cardiomyopathy)
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ECG

Interpolated PVC with postponed compensatory pause

(8)

Source : Global Heart Rhythm Forum on 30.07.2019 by Dr. Fera Hidayati
ECG Findings :
Sometimes AV node is minimally penetrated by the retrograde impulse from PVC and so AV
node is not so refractory for the next sinus impulse resulting in a run of interpolated PVC
here.

Further reading suggested
1. GOLDBERGER'S CLINICAL ELECTROCARDIOGRAPHY - A SIMPLIFIED
APPROACH (FIRST SOUTH ASIA EDITION) , P - 130-134 ; 156-163
2. LeoSchamroth An Introduction to Electrocardiography (Eighth Adapted Edition) ,
P - 223-238
3. Marriott's Practical Electrocardiography (12th Edition) , P - 313-336
4. CHOU'S ELECTROCARIDOGRAPHY IN CLINICAL PRACTICE (Sixth Editon),
P - 345-352 ; 384-393 ; 405-417

SUPRAVENTRICULAR
TACHYCARDIA – A BASC
CONSIDRATION
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ECG

SUPRAVENTRICULAR TACHYCARDIA –
A BASIC CONSIDERATION
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction



‘The SA node – Atria – AV node – His Purkinje system’ is a basic
anatomical and functional unit – it may be called
SUPRAVENTRICULAR RHYTHM UNIT..



This Supraventricular tachycardia spectrum conventionally includes
Tachyarrhythmias requiring atrial or AV nodal tissue or both for the
initiation and maintenance, at the rate of more than 100 beats per
minute (b.p.m) at rest.
In clinical practice, most of SVTs present as narrow QRS complex
tachycardia ≤ 120 ms. However, SVTs can present also as a widecomplex tachycardia (QRS > 120 ms) due to its aberrant conduction or
in the case of accessory pathway mediated tachycardia.
SVTs are not invariably manifested as regular rhythms, at times it may
be irregular.





Simplified
Classification
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Sinus tachycardia

A sinus burst of impulses at >100/min
electrocardiographic indices being normal




Focal atrial
tachycardia

the

Physiological sinus tachycardia
an appropriate response to effort, stress, pregnancy or illness or it
may be due to other causes as well
Inappropriate sinus tachycardia
Either at rest or on minimal activity, being inappropriate to the
situation and the cause remains unidentified.
Sinus nodal re-entrant tachycardia
It is a focal paroxysmal tachycardia from micro-entry – involving
either just the sinoatrial node or both the sinoatrial node and
perinodal tissue – not possible to be diagnosed on ECG.
Postural orthostatic tachycardia syndrome
This Postural orthostatic tachycardia syndrome is defined as a
clinical entity characterized by an increase in heart rate of > 30
b.p.m when standing for >30 s (or > 40 b.p.m in individuals aged
12-19 years) in an absence of orthostatic hypotension



This atrial tachycardia is initiated by premature atrial complex
from any discrete point in either of the atria, usually at the rate of
100-200 beats/min.
If a discrete P wave of different morphology than normal is
identified followed by an isoelectric segment, it favours focal
atrial tachycardia.





Atrial flutter

all





Multifocal atrial
tachycardia

with

Multiple sites of enhanced atrial automaticity.
A rapid irregular rhythm with at least three or more P waves of
different morphologies.
A distinct isoelectric line in between the runs of variable P-waves

 Atrial flutter is an arrhythmia originating from the atria with a rate
of 240-350/min due to the anomalous macro-re-entry electrical
system, usually in the right atrium with ‘sawtooth’ appearance (F),
with some physiological fixed AV conduction impedance.
Isthmus dependent Typical atrial flutter
1. Counter clockwise rotation - waves are predominantly
negative in inferior leads II, III, aVF and positive in V1.
2. Clockwise rotation – Just the reverse of the above.

Typical atrial
fibrillation

A disorganized, asynchronous fractionated atrial activities recognized
on ECG by the presence of more rapid, irregular multiform and
rounded ‘f’ waves with no discernible pattern
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AV junctional
tachycardia

JET = Junctional ectopic or focal junctional tachycardia.

Atrioventricular
nodal re-entrant
tachycardia
(AVNRT)
Typical (Slow-Fast
AVNRT)

Since the impulse through the slow pathway moves towards the His
bundle and simultaneously the impulse through the fast pathway moves
towards the atrium, there is merging together of the QRS and P – no
visible P on ECG or the P may be seen just terminal to the QRS complex
as pseudo s in inferior leads and as pseudo r’ in V1.

Atrioventricular
re-entrant
tachycardia
(AVRT)

In this variety of tachycardia re-entry circuit is being formed by two limbs
– one limb is through the AVN-HPS and the second limb is through the
accessory pathway. The circuit is either through the AVN-HPS – ventricle
to the accessory pathway or through the accessory pathway (AP)
travelling through the ventricle to AVN-HPS retrogradly. And
accordingly they are termed as orthodromic and antidromic
respectively.


Orthodromic AVRT
Orthodromic AVRT accounts for approx 95% of AVRT and 2030% of paroxysmal supraventricular tachycardias (SVTs).



Antidromic AVRT
This Antidromic AVRT occurs in 3-8% of patients with WPWsyndrome. While passing through the ventricles, it takes longer
time, thus allowing for sufficient recovery of refractiveness of the
different elements of the re-entrant cycle.
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OUTLINE
Introduction
Supraventricular tachycardia spectrum
Classiication
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SUPRAVENTRICULAR TACHYCARDIA – A BASIC CONSIDERATION
 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP
When the light-unity of sunrise covers the sky in the dawn, there is a fountaining of colourdisplay over the far grey tent of the sky…..it sends the stream of life current far down to the
world to brighten us with the arms of life-energy.
O what rhythmic morning gleam awakens the life on the earth – gleam Konarak !
On the moments of solar-eclipse the sky is being seized from the incoming flaming light of
its sun – even the wide-winged tent of high worldly light would not be able to drag out the
spurred darkness.

Introduction
The SA node, the Sun of the heart sends its rhythmic impulses – ‘gleam Konarak’…. first to
the atria and then to the ventricles through a specialized conducting pathway – AVN His
Purkinje System. The gate in between the atria and the ventricle is the AV node. There are
two pathways of this journey – the initial pathway starts from the SA node, to the
surrounding of atria and next to the AV node streaming down to the ventricles through His
Purkinje System.

‘O Splendid and playful sun-SA node,
We offer this prayer to thou.
Enlightens always ours rhythmic pulsating HEART
Be out protector
May the radiance of this divine ruler guide our destiny
Wise men salute your magnificence
with obligation and words of praise’
- Dr. Khaitan

‘The SA node – Atria – AV node – His Purkinje system’ is a basic anatomical and
functional unit – it may be called SUPRAVENTRICULAR RHYTHM UNIT..

Supraventricular tachycardia spectrum
 This Supraventricular tachycardia spectrum conventionally includes Tachyarrhythmias
requiring atrial or AV nodal tissue or both for the initiation and maintenance, at the rate of
more than 100 beats per minute (b.p.m) at rest.

 In clinical practice, most of SVTs present as narrow QRS complex tachycardia ≤ 120 ms.
However, SVTs can present also as a wide-complex tachycardia (QRS > 120 ms) due to its
aberrant conduction or in the case of accessory pathway mediated tachycardia.

 SVTs are not invariably manifested as regular rhythms, at times it may be irregular.
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Classification
One has to recognise electrocardiographically the site of impulse formation in SVTs and its
associated disturbance in impulse conduction.

Step I

Atria

Step II
Fig. 6.1

SITE OF IMPULSE FORMATION

AV junction

Atrioventricular
Re-entrant circuit.

DISTURBANCE IN IMPULSE CONDUCTION
Bundle branch aberrancy

The supraventriucar rhythm disturbances may be Narrow QRS (<120 ms) tachycardia :
regular/irregular and wide QRS (>120 ms) tachycardia : regular/irregular. This
complexity of regular and irregular may be explained with the well understanding of the site
of impulse formation with + disturbance in impulse conduction (bundle branch aberrancy).
Many of the publications have put a reappraisal of the whole concept of Supraventricular
tachycardia. Traditionally SVTs have been used to describe all kinds of tachycardia apart
from ventricular tachycardia. It also includes tachycardias such as a atrioventricular (AV) reentry due to accessory pathways, which is not, in essence a supraventricular rhythm. There
always remains a need to have a clear cut concept of SVTs.
That’s why, it would be better to mention the conventional classification of Supraventricular
tachycardia, cited over the next page. This would impart the basic concept of SVTs with the
ability to recognise the site of its genesis - a primary requisite while considering the
understanding of SVTs.
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Simplified classification of supraventricular tachycardias

Atria
Sinus tachycardia
 Physiological sinus tachycardia
 Inappropriate sinus tachycardia
 Sinus nodal re-entrant tachycardia
 Postural orthostatic tachycardia syndrome
Atrial tachycardia
 Focal Atrial tachycardia
 Multifocal Atrial tachycardia
Atial flutter
Cavotricuspid isthmus-dependent
Non-cavotricuspid isthmus-dependent
Atrial fibrillation

AV Junction
Atrioventricular nodal re-entrant tachycardia (AVNRT)
Typical
Atypical
Non re-entrant junctional tachycardia
 JET (junctional ectopic or focal junctional tachycardia
 Non-proxysmal junctional tachycardia

Atrioventricular re-entrant circuit
Atrioventricular re-entrant tachycardia (AVRT)
Orthodromic (including PJRT - permanent junctional reciprocating tachycardia)
Antidromic
Green lines indicate demarcation in between the different entities of SVTs

Atria
Sinus tachycardia
Sinus tachycardia is defined as a sinus burst of impulses at >100/min with all the
electrocardiographic indices being normal.





Physiological sinus tachycardia
Inappropriate sinus tachycardia
Sinus nodal re-entrant tachycardia
Postural orthostatic tachycardia syndrome

SAN

Fig. 6.2
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Physiological sinus tachycardia
Sinus tachycardia is considered physiological in origin when it associated with an appropriate
response to effort, stress, pregnancy or illness or it may be due to other causes as well. A
gradual increase and decrease in rate favours ‘Physiological sinus tachycardia’.
Causes of Physiological sinus tachycardia as mentioned in Page-19 – 2019 ESC Guidelines
for the management of patients with supraventricular tachycardia
‘
Emotion, Physical exercise, sexual intercourse, pain, pregnancy
Physiological causes
Anxiety, panic attack, anaemia, fever, dehydration, infection ,
Pathological causes
malignancies, hyperthyroidism, hypoglycaemia,
pheochromocytoma, Cushing’s disease, diabetes mellitus with
evidence of autonomic dysfunction, pulmonary embolus,
myocardial infarction, pericarditis, valve disease , congestive
heart failure, shock
Epinephrine, norepinephrine, dopamine, dobutamine, atropine,
Drugs
beta-2 adrenergic receptor agonists (saltbutamol),
methylxanthines, doxorubicin, daunorubicin, beta-blocker
withdrawal
Amphetamines, cocaine, lysergic acid diethylamide, psilocybin,
Illicit drugs
ecstasy, crack, cocaine
Cafffeine, alcholol
Other
’
Inappropriate sinus tachycardia
The heart rate is abnormally high more than 100 beats per minute at rest or on minimal
activity, being inappropriate to the situation and the cause remains unidentified.
This tachycardia tends to be persistent, being common in youngs especially females. It is
considered to be benign in nature and is not associated with tachycardia induced
cardiomyopathy. 24 h Holter monitoring may reveal the incidence.
Sinus nodal re-entrant tachycardia
It is a focal paroxysmal tachycardia from micro-entry – involving either just the sinoatrial
node or both the sinoatrial node and perinodal tissue – not possible to be diagnosed on ECG.
Abrupt onset with a premature atrial complex at the initiation and its termination abruptly is
the characteristic of this tachycardia. It is uncommon arrhythmia usually occurring in patients
with structural heart disease.
Diagnosis of this tachycardia if suspected, should be confirmed with an EPS.
Postural orthostatic tachycardia syndrome
This Postural orthostatic tachycardia syndrome is defined as a clinical entity characterized by
an increase in heart rate of > 30 b.p.m when standing for >30 s (or > 40 b.p.m in individuals
aged 12-19 years) in an absence of orthostatic hypotension (>20 mmHg drop in systolic blood
pressure).
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The prevalence of POTS is 0.2% and it represents the most common cause of orthostatic
intolerance in the young, and most patients are in between 15 and 25 years, and >75% being
female. The long-term prognosis of POTS has been poorly explored, but 50% of patients
recover spontaneously within 1-3 years.

A proposed scheme for the identification of such SINUS TACHYCARDIAs – on surface
ECG : PQRST complex is similar in either of the entity with the heart rate more than
100 per minute.







Physiological sinus tachycardia if suspected a thorough search for its causes should
be worked up.
Persistent tachycardia at rest or with minimal activity in young, mainly females
should raise a strong suspicion of Inappropriate sinus tachycardia. Holter
monitoring checkup is needed for the purpose.
Sinus nodal re-entrant tachycardia : it is abrupt in onset and also abrupt in its
termination. It is uncommon arrhythmia and should be suspected in patient’s with
structural heart disease. And its diagnosis should be confirmed with an EPS.
Postural orthostatic tachycardia syndrome should be suspected when a young
patient specially female complains of poor tolerance of standing with the appearance
of palpitation. While evaluating such conditions other causes such as hypovolaemia,
anaemia, hyperthyroidism, pulmonary embolus, or pheochromocytoma should be
excluded.

On summary
The occurrence of sinus tachycardia-recorded on surface ECG should raise the suspicion of
these subvarities keeping in mind the nature of the different entities as narrated above and
also keeping in mind that sinus node re-entrant tachycardia is very uncommon. Holter
monitoring should be performed and EPS study is specially undertaken for its confirmation if
needed.

Atrial tachycardia
Focal atrial tachycardia


This atrial tachycardia is initiated by
premature atrial complex from any
discrete point in either of the atria, usually
at the rate of 100-200 beats/min.

SAN

Fig. 6.3
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On Surface ECG : A regular atrial activation pattern with uniform different P-wave
morphology is observed. At times, the identification of P-wave would be rather
difficult specially with higher atrial rate, the P-wave may be hidden either within QRS
or T wave – only a run of fast QRS is visible on surface ECG. If a discrete P wave of
different morphology than normal is identified followed by an isoelectric segment, it
favours focal atrial tachycardia. P wave identification is very crucial in the diagnosis
of atrial tachycardia. Adenosine testing may either slow the tachycardia or even may
terminate this.



It may occur with normal heart and also with structurally abnormal heart or it may be
associated with organic heart disease.



With the higher rate or if the AV node is not normal, different degrees of delay and
block can occur in any part of the conduction system including ventricular aberrancy.



The site of localisation of atrial tachycardia (well illustrated by the following
diagram)

 P in lead I and aVL suggests its Left atrial origin.

Fig. 6.4
 P in lead II, III and aVF suggest low atrial origin
( P in these leads suggests a superior atrial origin).
P is negative in V1 when the arrhythmia source or exit is in the lateral right atrium and if it
biphasic or positive in V1 indicates its origin from right atrial septum or left atrium as a
source.
Multifocal atrial tachycardia
This tachycardia is due to the multiple sites of enhanced atrial automaticity.



A rapid irregular rhythm with at least three or
more P waves of different morphologies.
The usual causative factors are pulmonary
disease (usually with chronic obstructive
pulmonary disease), pulmonary hypertension,
chronic coronary syndrome or Valvular
disease.
Fig. 6.5
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At times also with hypomagnesemia and theophyline therapy. It may also be
observed in an infant with a good prognosis in the absence of cardiac disease.
This arrhythmia may be mistaken for atrial fibrillation. Unlike AF, there is a distinct
isoelectric line in between the runs of variable P-waves.

There is a term ‘Macro re-entry atrial tachycardia’(MRAT) which includes the atrial
flutter/fibrillation Spectrum. This variant of atrial tachycardia is caused by the contuining reentry of an electrical impulse having macro re-entry phenomenon within the atrial
myocardium. Since the large atrial tissue is required for the initiation of this
electrocardiographic spectrum, the term macro re-entry has been used for the purpose.
Atrial flutter
 Atrial flutter is an arrhythmia originating from the atria with a rate of 240350/min due to the anomalous macro-re-entry electrical system, usually in the
right atrium resulting in waves with the morphology of ‘sawtooth’ appearance
(F), with some physiological fixed AV conduction impedance. However, at
times a significant part of the activation of the MRAT circuit in somewhat
protected areas may display a pattern simulating a focal AT with discrete P
waves having isoelectric line in between.
 CLASSIFICATION
ISTHMUS DEPENDENT TYPICAL ATRIAL FLUTTER
Depending upon the direction of the impulse propagation, this macro-re-entry
is divided into two types :
1. .Counterclockwise rotation : This is the most common
variety. Since during its counterclockwise journey,
impulses pass away from the AVN upwards to the
interatrial septum and so the recording of waves are
predominantly negative in inferior leads II, III, aVF and
positive in V1
Fig. 6.6
2. Clockwise rotation : Since during its clockwise journey, the impulses pass
towards the AVN, the recording of the such waves are predominantly positive
in inferior leads II, III, aVF and predominantly negative in V1.
Both counterclockwise and clockwise atrial flutter may occur in the same
patient. In most of the cases isthmus dependent macro-re-entry circuit is
responsible for the atrial flutter and this circuit is situated over the right
atrium.
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NON-ISTHMUS DEPENDENT ATYPICAL ATRIAL FLUTTER
This variety is rare and may involve either of the atria and the substrate is
formed by the scar tissue (post surgery or post ablation procedure) and it may
be idiopathic in origin. This is often associated with higher atrial rates with
rhythm instability – less amenable to treatment with ablation. Truly speaking
atypical flutter is actually a post retrospective diagnosis, when the circuit has
been outlined and the dependency on CTI (Cavotricuspid Isthmus) has been
ruled out.
Typical atrial flutter might be confused with atrial fibrillation; hence the term
flutter/fibrillation spectrum is in use. Both atrial flutter/fibrillation may be seen
in a clinical setting and in the same patient. At times, after ablating the typical
atrial flutter, atrial fibrillation may set in.
Atrial fibrillation
 Atrial fibrillation is a disorganized, asynchronous fractionated atrial activities
recognized on ECG by the presence of more rapid, irregular multiform and
rounded ‘f’ waves with no discernible pattern. The unpredictable conduction
of these waves though the AV node results in disrupted rhythm with irregular
pattern.
 Atrial fibrillation is thought to involve an interaction between initiating rapidly
triggered ectopic foci with the formation of a complex multiple re-entrant
circuits.

Fig. 6.7

AV Junctional tachycardia
As the name implies AV Junctional area means the adjoining part in between the atria
and the ventricles – AV node. There is a complete insulation in between the atria and
the ventricles except at the AV junctional area which allows electrical impulses from
the atria to pass downwards to the ventricles.
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When the tachycardia pivotes within AV node, it is termed as AV junctional
tachycardia.
This has been classified as below:
AV junctional
Atrio ventricular Nodal-re-entrant
tachycardia – AVNRT
Non-re-entrant Junctional tachycardia
 JET


Non-proxysmal
tachycardia

Mechanism
Two zones having different refractoriness
within AV node-re-entry in between these two.
Ectopic junctional or enhanced junctional
automaticity.

Junctional Augmentation of AV nodal rhythm

JET = Junctional ectopic or focal junctional tachycardia.
Atrioventricular nodal re-entrant tachycardia (AVNRT)
The non-homogenous refractoriness within the AV node creates a functional
dissociation in between two – with two pathways; one with antegrade conduction and
the other with retrograde conduction. These two pathways by interconnection form a
MICRO-RE-ENTRY which is responsible for Atrioventricular nodal re-entrant
tachycardia.
Atrium

Slow
Pathway

AVN

Fast
Pathway

Fig. 6.8
HIS Bundle

TYPICAL AVNRT (SLOW-FAST)
The existence of the dual pathway (slow and fast) in the AV node itself – the impulse
passes in a circuit manner, one retrogradly to the right atrium and the other antegradly
to the bundle of HIS with the run of the circuit very fast at the rate of 120-240 per
minute. It can occur at any age with more incidences in young females.


TYPICAL (SLOW –FAST AVNRT) - as illustrated above
Since the impulse through the slow pathway moves towards the His bundle and
simultaneously the impulse through the fast pathway moves towards the atrium, there
is merging together of the QRS and P – no visible P on ECG or the P may be seen just
terminal to the QRS complex as pseudo s in inferior leads and as pseudo r’ in V1.



ATYPICAL AVNRT (in 5-10% cases)
FAST-SLOW - The impulse travels through the fast pathway
towards the ventricles and returns via the slow pathway to the
atria. The retrograde P wave appears far behind the QRS.

Atrium
Fast
Pathway

Fig. 6.9

AVN

Slow
Pathway

HIS Bundle
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AVNRT with prolonged retrograde atrial activation (HA>70 ms) represents an atypical form.
P waves are clearly visible in the second half of the RR interval (RP>PR – long RP
tachycardia) and are negative or shallow in leads II, III and aVF and V6 but positive in V1.
SLOW-SLOW A very rare one P wave preceding the QRS
complex. Here both the limbs of microentry are
slow pathways.

Atrium
Slow
Pathway

Fig. 6.10

AVN

Slow
Pathway

HIS Bundle

NON-RE-ENTRANT JUNCITONAL TACHYCRDIA
- Junctional ectopic tachycardia or Focal junctional tachycardia
- Non-proxysmal junctional tachycardia
Junctional ectopic tachycardia or Focal junctional tachycardia
This is an uncommon non-re-entrant junctional tachycardia, arising from abnormal
automaticity at the AVN or Proxysmal His bundle. And on ECG it shows a narrow
QRS tachycardia with a short RP interval or AV dissociation.
Clinical Significance
JET may be seen in children as a congenital arrhythmia or, more commonly after
infant open heart surgery.
It can also be seen uncommonly in an adult with a structurally normal heart and its
association in the past with non-fibrinolysed acute MI was also encountered.

Non-proxysmal junctional tachycardia
It is a junctional tachycardia with non-proxysmal characteristics with the gradual
onset and termination. This is due to the augmentation of AV nodal rhythm beyond
100/min.
On ECG the RP interval during tachycardia is variable.
Clinical Significance
It may be observed as a digitalis toxicity due to digitalis-induced delayed after
depolarisation.
The other conditions in association are myocardial ischaemia, myocarditis,
hypokaleamia and chronic obstructive pulmonary disease.
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Atrioventricular re-entrant tachycardia (AVRT)
This is very important to differentiate in between AVNRT and AVRT, specially in
circumstances when ablation is being planned. In this variety of tachycardia re-entry
circuit is being formed by two limbs – one limb is through the AVN-HPS and the
second limb is through the accessory pathway. The circuit is either through the AVNHPS – ventricle to the accessory pathway or through the accessory pathway (AP)
travelling through the ventricle to AVN-HPS retrogradly. And accordingly they are
termed as orthodromic and antidromic respectively.
ORTHODROMIC AVRT
Orthodromic AVRT accounts for approx 95% of AVRT and 20-30% of
paroxysmal supraventricular tachycardias (SVTs).

*

Atrial premature stimulus

AVN

Tricuspid
Valve

R. Ventricle

Fig. 6.11

AP

AP = Accessory pathway
Mitral
Valve

L. Ventricle

Orthodromic circuit

THE MECHANISM










This may be initiated by atrial or ventricular ectopies premature complex. With atrial
premature complex the accessory pathway is remaining concealed and the AVN-HPS
allows atrial impulse to be conducted antegradly down to the ventricles.
Resetting at AVN : There is resetting of the impulse within AV Node.
The AES (Atrial extrasystole) is conducted down to the AV node with atrioventricular
delay which allows the recovery of the atrium and atrial insertion site of the
(Atrioventricular Bypass Tract).
An AVN echo beat is reflected as an eccentric atrial activation which is recorded as
inverted P in inferior leads (II, III & aVF).
The lower circuit takes a longer time and the upper circuit completes its journey
somewhat later due to its delay within AVN.
The TCL (Tachycardia cycle length) includes two parts
1. Lower circuit : AVN HPS - ventricle – entrance of the accessory pathway.
2. Upper circuit : The entry of impulse from the accessory pathway to the
atrium - AVN
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Since the lower circuit of the orthodromic pathway is inscribed first and then the
upper circuit, ventricular complex QRS is followed by P wave over the ST segment
with RP interval of 100 ms or greater

*

Atrial Premature complex (AES)
Upper circuit = The entry of impulse from
the accessory pathway to the atrium – AVN

Atrioventricular delay

AVN

AP

Lower circuit = AVN HPS – Ventricle –
entrance of the accessory pathway

Fig. 6.12
ORTHODROMIC CIRCUIT
Upper circuit = The entry of impulse from
the accessory pathway to the atrium – AVN
Atrial echo

AVN
Delay

TCL (Tachycardia Cycle Length) =
Time taken by upper circuit and
lower circuit together

Lower circuit = AVN HPS – Ventricle –
entrance of the accessory pathway

Fig. 6.13

Orthodromic AVRT On ECG

 A narrow QRS SVT with a regular ventricular rate of 150 to 250 beats/min
 Retrograde P waves over the ST segment with RP interval of 100 ms or more
 Secondary ST changes : ST segment depression of 2.0 mm or more (horizontal
or downsloping ST segment) at the J point and lasting for 80 ms in inferior (II,
III, aVF) and precordial leads (V2-V6)
ST segment elevation of 1.0 mm or greater at the J point (horizontal or
upsloping ST segment) or 1.5 m, or greater at the J point (downsloping ST
segment) lasting 80 ms in lead aVR.
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ANTIDROMIC AVRT
The pathway is just the reverse to that of orthodromic AVRT. The re-entrant circuit
for the atrial ectopic impulse begins through the accessory pathway with antegrade
conduction and the returning journey through retrograde conduction Via AVN HPS to
the atria.

*

Atrial premature Systole (AES)

AVN AP

AP = Accessory pathway

Tricuspid
Valve

R. Ventricle

Mitral
Valve

L. Ventricle

Antidromic circuit

Fig. 6.14
This Antidromic AVRT occurs in 3-8% of patients with WPW-syndrome. While
passing through the ventricles, it takes longer time, thus allowing for sufficient
recovery of refractiveness of the different elements of the re-entrant cycle.
ECG Characteristics

 A wide complex tachycardia – due to the first entry from the accessory
pathway to the ventricle.

 There is loss of delta pattern of WPW during tachycardia
 The retrograde P wave is lost within the ST – T segment and hence the
assessment of RP interval is difficult.
PRE-EXITATION WITH ATRIAL FIBRILLATION
Half of the cases of WPW may be associated with paroxysmal AF as a presenting
arrhythmia. High rate AVRT may potentially induce AF. There is a possibility of its
degeneration into ventricular fibrillation due to the fast ventricular response.
Accessory Pathway with a short antigrade refractive period does not allow the other
elements of the circuit to recover. Accordingly there is the potentiality of its
degeneration into VF.
CONCEALED ACCESSORY PATHWAY
Concealed accessory pathway is usually symptom free and with normal ECG. The
pathway remains concealed till the occurrence of tachycardia through orthodromic
pathway. There is no sex predilection and is more frequent in younger generation.
Concealed APs are mainly localised along the left free wall (64%) and less frequently
at septal (31%) and the right free wall.
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PERMANENT JUNCTIONAL RECIPROCATING TACHYCARDIA
This is the Orthodromic tachycardia, mostly having concealed posterioseptal as
accessory pathway with the characteristic slow-decremental conduction to the atria
but with rapid antigrade conduction to the ventricle. This rare variant is mainly found
in infant and children. Since all the elements are always present in this variant, this is
considered as incessant tachycardia. It may be associated with tachycardia induced
cardiomyopathy with fatal outcome. This is very difficult to be treated by the
pharmalogical approach, though a times but rarely there may be a spontaneous
remission. The only effective treatment is radiofrequency catheter ablation.
ECG Criteria

 A long RP tachycardia with deeply inverted retrograde P waves in inferior
leads – II , III and aVF.

AN APPROACH TO THE DIAGNOSIS
OF SUPRAVENTRICULAR
TACHYCARDIA

ECG

AN APPROACH TO THE DIAGNOSIS OF
SUPRAVENTRICULAR TACHYCARDIA
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction






Tachyarrhythmias originating from atrial or AV nodal tissue
or both for the initiation and maintenance are known as SVT
This can be divided broadly into two (1) arising from atrial
tissue : atrial fibrillation, atrial flutter, focal atrial
tachycardia, (2) requiring AV junction for perpetuation :
AVNRT, AVRT and JT
Paroxysmal SVT includes AVNRT, AVRT and Focal AT
(AVNRT = AV nodal re-entrant tachycardia, AVRT =
Atrioventricular re-entrant tachycardia, Focal AT = Atrial
tachycardia)

Electocardiographic
Sequence

Rate related functional
AV block
Bundle branches
aberrancy
Secondary ST-T changes
during SVT

An electrocardiographic
algorithm for SVT

Sites
SA node: Sinus P wave –
(Sinus tachycardia, sinus nodal re-entrant tachycardia)
Atria :
Non sinus atrial activity
(Atrial fibrillation, Focal AT or atrial flutter ± varying
AV conduction, Multifocal AT (MAT))
AV node: AV nodal retrograde ‘P’
(AVNRT, AVRT Orthodromic, AVRT Antidromic,
Non re-entrant junctional tachycardia)
With atrial fibrillation, atrial flutter and focal AT

RBBB/LBBB
 The increased demand of oxygen during a relatively long
period of tachycardia,
 Concurrent haemodynamic changes with reduction in
systolic blood pressure
 Secondary ST-T changes are more commonly encountered:
more in AVRT than AVNRT
Narrow complex QRS (< 120ms) tachycardia
Irregular (Variable RR
Interval)
Atrial fibrillation
Atrial flutter or Focal AT
with varying AV conduction
Multifocal AT (MAT)
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With Sinus P Regular
Sinus tachycardia
Physiological sinus
tachycardia
Inappropriate sinus
tachycardia
Postural orthostatic
tachycardia syndrome
Sinus nodal re-entrant
tachycardia

QRS-P Sequence
Short RP (R<50% of RR
interval)
Typical AVNRT
O-AVRT
ST or focal AT with Ist
AV block
Junctional Tachycardia
Long RP (RP>50% of RR
interval)
O-AVRT with slow
conduction via bypass
tract
Atypical AVNRT
Focat AT

NB : RP interval indicates rerograde conduction through AV tissues
If the retrograde conduction is slow the P wave will well seprated
fromQRS
If it is fast it will closer to QRS Complex
If it is so fast as in some AVNRT it may fall within the QRS complex
and is not visible

Possible responses of narrow
QRS tachycardia to vagal
manoeuvres and adenosine

1. Slowing of AVN conduction and induction of intermittent AV
block. Atrial electrical activity can thus be unmasked, revealing
dissociated P waves (focal AT, atrial flutter, or AV waves)
2. Temporary decrease in the atrial rate of automatic tachycardia
(focal At, sinus tachycardia, and JET).
3. Tachycardia termination. This can happen by interrupting the
re-entry circuit in AVNRT and AVRT by acting on the AVN that
is part of the circuit. More rarely, sinus nodal re-entry and ATs
due to triggered activity can slow down and terminate.
4. No effect is observed in some cases.
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OUTLINE
Introduction
Electrocardiographic Sequence : Atria –AVN HPS – Ventricules (While Considering SVT)
Sinus P wave
Non-Sinus P wave
AV conduction response
Aberrancy RBBB/LBBB with widened QRS >0.12sec
Secondary ST-T changes during SVT
Concluding remark
An Electrocardiographic Algorithm For Supraventricular Tachycardia
Irregular variable RR interval
Regular (RR interval) with sinus P
Regular (RR interval) with Non-sinus P
PQRST Sequence with inverted P (in inferior leads)
Possible response of narrow QRS tachycardia to vagal manoeuvres and adenosine
Inital evaluation of the patient with supraventricular tachycardia
Further reading suggested
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AN APPROACH TO THE DIAGNOSIS OF SUPRAVENTRICULAR
TACHYCARDIA
 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP




Tachyarrhythmias originating from atrial or AV nodal tissue or both for the initiation and
maintenance are known as SVT
This can be divided broadly into two (1) arising from atrial tissue : atrial fibrillation,
atrial flutter, focal atrial tachycardia, (2) requiring AV junction for perpetuation :
AVNRT, AVRT and JT
Paroxysmal SVT includes AVNRT, AVRT and Focal AT
(AVNRT = AV nodal re-entrant tachycardia, AVRT = Atrioventricular re-entrant
tachycardia, Focal AT = Atrial tachycardia)

Introduction
SUPRAVENTRICULAR TACHYCARDIA is a common arrhythmia presenting to the
emergency department. The precise diagnosis of these arrhythmias is essential while
implementing the correct and timely treatment of the concerned disorder. There are two
anatomical compartments of the heart – the upper one consisting of atria and atrioventricular
junctional territory and the lower one is the ventricular system. Though both are anatomically
divided into such compartments but do act in collaboration with each other.
In atria the genesis of impulse is from the SA node which sends its signal to whole of the
heart – the atrial depolarization inscribes P and the ventricular depolarization inscribes QRS.
The intervening portion in between P and QRS is the PR interval which includes the time
interval covered by the travelling distance of P from SA node to AVN node - His purkinje
system.
The electrocardiographic recording of the cardiac depolarization events may be summarized
as follows.:
P = Atrial depolarization
PR interval is the time from the onset of the P wave to the start of the QRS complex.
QRS = Ventricular depolarization
That’s why, the electrocardiographic recognition of SVTs depends upon the proper analysis
of P and PR interval and in the case of aberrancy also the QRS.
SVTs needs the following electrocardiographic consideration :
1. The regularity of the rhythm pattern whether regular or irregular.
2. ‘P’ is the hallmark of the electrical imprints of atria on surface ECG. Its shape
depends upon whether it is originating from the atria or somewhere else in the atria
or in the juxta- position of the AV nodal territory.
3. P wave-whether visible or not
4. The Placing of P before QRS or after QRS
5. The consideration of PR interval and rate of tachycardia, as well
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Electrocardiographic Sequence : Atria –AVN HPS –VENTRICLES
(While Considering SVT)
SA node

Sinus P wave - Sinus tachycardia, sinus nodal re-entrant tachycardia
Non sinus
1. Atrial fibrillation
3. Multifocal AT (MAT)
atrial activity 2. Focal AT or atrial flutter ± varying AV conduction

Atria
AV node

AV nodal retrograde ‘P’ (inferior leads)

AV conduction response
Rate related functional AV block
(Atrial fibrillation, atrial flutter, focal AT)
AVNRT
Bundle branches

Aberrancy : RBBB/LBBB

AVRT
Orthodromic

AVRT
Antidromic

Non re-entrant
junctional
tachycardia

Purkinje fibres

Ventricular
depolarization from
Endocardial to
epicaridal surface

Endocardium
Epicardium

(Secondary ST-T changes
may be seen during and
after SVT

Fig. 1.1

Sinus P wave
The SA node sends its impulse to the atria – the right atrial wave precedes that of the left
atrial – the combined depolarization results in Sinus P wave.
 The amplitude of P wave is <2.5mm (0.25 mv) in the limb leads and <1.5 mm
(0.15 mv) in the precordial leads.
 Axis : in between 0 0 and + 75 0 – positive in lead I, lead II and aVF, always
negative in lead aVR; positive in all chest leads except V1 where it may be
biphasic.
 Morphology : smooth round contour
 P waves are most easily seen in the inferior leads (II,III and aVF) and lead V1.
If there is a P wave before every PQRS complex with a sinus morphology, this is termed
as Sinus P.
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Non-Sinus P wave
If the criteria covered under the sinus P wave are not met with, the origin of P wave is
from somewhere else, not from sinus node. This would have a different morphology
depending on from where it originates. ‘ectopic P wave’.
 Inverted P wave in lead I and aVL suggest its left atrial origin.
 Inverted P wave in inferior leads II, III and aVF suggest either low atrial origin or
AV nodal origin.
 With atrial flutter / fibrillation spectrum – ‘Sawtooth’ appearance in atrial flutter
and completely chaotic run of waves in atrial fibrillation.
 Post QRS-P (AV nodal retrograde P) usually P is inscribed before QRS but in
certain circumstances of AV nodal rhythm this rule is not followed.
☐
In typical AVNRT (Slow-Rapid), inverted P wave is seen at the end of
QRS in inferior leads giving the configuration of ‘Pseudo s’ and r’ pattern
in lead V1.
☐
In Atypical AVNRT (Rapid-Slow) inverted P wave is seen after QRS
over the ST segment with RP interval <70ms (Short RP<50% of RR
interval).
☐
In orthodromic AVRT due to the delayed arrival of ‘echo’ atrial activity
inverted P is inscribed on the later half of the ST segment with RP interval
>100ms (Long RP>50% of RR interval).
AV conduction response
The AV node works as an electrical relay station, receiving the electrical current sent
by the SA node and to pass down it to the ventricles via His purkinje system. While
doing so the AV node delays impulses by 0.09 sec. This delay ensures that the atria
have ejected their blood into the ventricles just before the ventricles contract. With
fast rate of SVT the AV node is not capable of allowing all the impulses through
it to be passed down to the ventricles. However, this response is either in fix ratio or
with variable ratio. This is a sort of cardioprotective mechanism permitting the atrial
impulses to pass through in a manner that the ventricles get time for relaxation before
contraction. This is known as AV conduction response. The conduction through AV
node is having more complex pattern of block. This degree of functional AV block
vary in specific way with P/QRS ratio in a fix pattern or variable pattern.
Aberrancy RBBB/LBBB with widened QRS >0.12 sec
With rapidly coming impulses from above there may be rate –related functional AV
refractoriness in the form of either RBBB or LBBB.


RBBB aberration : Since right bundle branch block is more longer and slender, it
is more commonly involved in aberrancy. Typical RBBB aberrancy has an initial
‘r’ because the initial activation from left septal bundle remains intact here.
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Therefore, the following patterns in Lead V1 are observed : rSR’, rSr’, or rR’. Lead V6 : A
small amount of normal right ventricular voltage directed away from V6. As there is a small
vector in RBBB aberrancy, the RS ratio will be >1, as illustrated below.

R

SVT: RBBB
SVT

Aberration

q
1

S

X

R’
r
S

2

3

V1
Sequence: Left septal activation
Left bundle branch
activation
Right ventricular activation via myocardial
connecting link

Fig. 1.2

LBBB Aberration
Lead V6 : In true LBBB no Q wave present in the lateral precordial lead zones. In typical
LBBB with aberration - widened R/rsR’ with notched or slurred top.
Lead V1 : rS or QS pattern

SVT: LBBB

R

(slurred)

Aberration
No q
SVT

V6
X

1

QS

V1

2

3

Fig. 1.3
Sequence: The septal depolarization from right
ventricle
Left ventricular activation via
connecting link
(The left ventricle is still electrically predominant
and therefore produces grater voltages than the right

to the left
myocardial
with LBBB
ventricles)
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Secondary ST-T changes during SVT
ST segment and T wave changes during and just after the conversion of episodes of SVT is
not uncommon – mostly heart rate related phenomenon and it is a poor predictor of prognosis
in the absence of the history of coronary artery disease. The different theories are put forward
to explain the phenomenon.
 The increased demand of oxygen during a relatively long period of tachycardia,
combined together with a reduction of oxygen supply to the myocardium due to
the shortened diastolic during tachycardia.
 It is being caused by concurrent haemodynamic changes. The reduction of
systolic blood pressure after SVT is considered an independent predictor of
repolarization changes. It is also being caused.
 There are basically two sub-groups of SVT – first group responsible for the
initiation and maintenance depends upon the atrial tissue while the other second
group requires the AV junctional tissue for its initiation and maintenance. This
secondary ST-T changes are more commonly encountered in the second
group – more in AVRT than AVNRT.

Concluding remark : The following consideration should be taken in view while
interpreting the surface ECG of SVT patients :

☐

☐

☐

☐

SVT with Sinus P/Non-sinus P without inversion in inferior leads points toward
the initiation and maintenance of the arrhythmia from the atrial tissue.
Tachycardia with inverted P in inferior lead either before or after QRS points
towards to the involvement of AV junctional tissue for the initiation and
maintenance of SVT.
This SVT is a narrow complex tachycardia provided there is no aberrancy in the
bundle branches – RBBB/LBBB (with antidromic AVRT there is a wide complex
SVT).
Associated secondary ST-T changes.
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AN ELECTROCARDIOGRAPHIC ALGORITHM FOR
SUPRAVENTRICULAR TACHYCARDIA

Narrow complex QRS (<120 ms)

tachycardia

Irregular (Variable RR
Interval)
Atrial fibrillation

Regular (Regular RR
Interval)

Atrial flutter or Focal AT
with varying AV conduction
Multifocal AT (MAT)

With Sinus P
Sinus tachycardia
Physiological sinus
tachycardia
Inappropriate sinus
tachycardia
Postural orthostatic
tachycardia syndrome
Sinus nodal re-entrant
tachycardia

With Non-sinus P
(see shape, size and
location)

QRS-P Sequence
Short RP (R<50% of RR
interval)
Typical AVNRT
O-AVRT
ST or focal AT with Ist
AV block
Junctional Tachycardia
Long RP (RP>50% of RR
interval)
O-AVRT with slow
conduction via bypass
tract
Atypical AVNRT
Focat AT

Fig. 1.4
NB : RP interval indicates retrograde conduction through AV tissues
If the retrograde conduction is slow the P wave will well separated from QRS
If it is fast it will closer to QRS Complex
If it is so fast as in some AVNRT it may fall within the QRS complex and is not visible

P-QRS Sequence
Focat AT
(Inverted P in inferior
leads with lower site)
JET
Non-Paroxysmal
JUnctional Tachycardia
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Irregular variable RR interval


Atrial fibrillation – More rapid, irregular multiform and rounded ‘f’ waves with no discernible pattern.
Focal AT or atrial flutter with varying AV block



Atrial flutter with Varying AV block

Focal AT

‘Saw tooth’ appearance atrial activity with no
isoelectric line in between, best seen in inferior
leads II, II and aVF.

Non-sinus P wave morphology with isoelectric line
in between

Multifocal AT – At least three distinct P wave morphologies in the same lead

Fig. 1.5

Sinus tachycardia with Normal P
PQRST complex is similar in either of the entity with the heart rate more than 100 bpm.


Physiological sinus tachycardia – Associated with an appropriate response to effort, stress , pregnancy
or illness or some causes as well. Physiological sinus tachycardia if suspected a thorough search for its
causes should be worked up. A gradual increase and decrease in the rate favours physiological sinus
tachycardia.



Inappropriate sinus tachycardia – Persistent tachycardia at rest or with minimal activity in young,
mainly females.



Postural orthostatic tachycardia syndrome should be suspected when a young patient especially
female complains of poor tolerance of standing with the appearance of palpitation.



Sinus nodal re-entrant tachycardia (Not possible to be diagnosed on surface ECG) – uncommon
arrhythmia with abrupt onset and termination. This should be suspected in patients with structural heart
disease.

Regular (RR interval) with sinus P
Fig. 1.6
Regular (RR interval) with Non-sinus P
QRS-P Sequence
Short RP (R<50% of RR
interval)
Typical AVNRT
O-AVRT
ST or focal AT with Ist
AV block
Junctional Tachycardia

Fig. 1.7

Long RP (RP>50% of RR
interval)
O-AVRT with slow
conduction via bypass
tract
Atypical AVNRT
Focat AT
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PQRST Sequence with inverted P (in inferior leads)



Low atrial focal AT – With short PR interval; Commoner compared to entities described below.
JET (Junctional Ectopic Tachycardia) – uncommon, may be seen in children as a congenital arrhythmia or
after infant open heart surgery. Short PR interval or (may be AV dissociation )



Non-Paroxysmal Junctional tachycardia – Non-paroxysmal with the gradual onset and termination (it
may be digitalis induced).

Fig. 1.8
As per 2019 ESC Guidelines for the management of patients with supraventricular tachycardia
(table 8, P.13). Table 8 contents given below
Possible responses of narrow QRS tachycardia to vagal manoeuvres and adenosine
(1) Slowing of AVN conduction and induction of intermittent AV block. Atrial electrical activity can
thus be unmasked, revealing dissociated P waves (focal AT, atrial flutter, or AV waves)
(2) Temporary decrease in the atrial rate of automatic tachycardia (focal At, sinus tachycardia, and
JET).
(3) Tachycardia termination. This can happen by interrupting the re-entry circuit in AVNRT and
AVRT by acting on the AVN that is part of the circuit. More rarely, sinus nodal re-entry and ATs
due to triggered activity can slow down and terminate.
(4) No effect is observed in some cases.

Fig. 1.9
At the end it would be better to place the steps of the initial evaluation of the patient with
supraventricular tachycardia as suggested by ‘2019 ESC Guidelines for the management of
patients with supraventricular tachycardia’ as on Table 7 P. 10 – The contents of the table
are given below :
Initial evaluation of the patient with supraventricular tachycardia
Standard
 History, physical examination, and 12 Lead ECG
 Full blood counts, biochemistry profile, and thyroid function
 An ECG during tachycardia should be sought
 Transthoracic echocardiography
Optional
 Exercise tolerance testing
 24 h ECG monitoring, transtelephonic monitoring, or an implantable loop recorder
 Myocardial ischaemia testing in patients with risk factors for coronary artery disease
(including men aged >40 years and post-menopausal women)
 An EPS should be considered for a definite diagnosis and when catheter ablation is
anticipated.

Fig. 2.0
ECG = electrocardiogram; EPS = electrophysiology study
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Further reading suggested :
1.

GOLDBERGERS’S CLINICAL ELECTROCARDIOGRAPHY, A SIMPLIFIED
APPROACH (FISRT SOUTH ASIA EDITION)
Chapter 8, Ventricular Conduction Disturbance: Bundle Branches Blocks and
Related Abnormalities P. 61-72
Chapter 14, Supraventricular Arrhythmias, Part I: Premature Beats and Paroxysmal
Supraventricular Tachycardias P. 130-143

2.
3.

An introduction to ELECTROCARDIOGRAPHY,
LeoSchamroth (EIGHT ADAPTEDEDITION)
Chapter 30, Ectopic Atrial Rhythms P. 223-228
Chapter 31, Antrioventricular Nodal Rhythms P. 229-232

4.

Marriott’s Practical Electrocardiography, (12th Edition)
Chapter17,Re-entrant Atrial Tachyarrhythmias-TheAtrial Flutter/Fibrillation
Spectrum P. 353-375
Chapter 18, Re-Entrant Junctional Tachyarrhythmias P. 379-394

5.

South Asian Edition Of The Washington manual of medical therapeutics (36th
Edition) Supraventrcular Tachyarrhythmias P. 199-204

THE ATRIAL
FLUTTER/FIBRILLATION
SPECTRUM

ECG
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THE ATRIAL FLUTTER/FIBRILLATION SPECTRUM
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS

Atrial Flutter

SVC

C T

Physiological delay

The atrial premature beats act as a triggering factors , acting on the
substrate ‘atrial mass’.

SVC

AVN
IVC E
R
CTI

A

CS

IV
C

TV

Competition
within AV node

Mechanism
(electrophysiological basis)

The Atrial Flutter/Fibrillation Spectrum
 An electrophysiological concept : reentry mechanism
 Atrial Flutter: a bigger circle usually occupying the right atrium
resulting in sawtooth like , regular, uniform and sharp flutter (AF)
waves with no isoelectric line in between,
 Atrial Fibrillation: The multiple smaller circles producing more
irregular, multiform and rounded fibrillatory waves (Af)
 Both involve a larger area of atrial myocardium.

Physiological delay

Introduction

Ventricles

B

CS

AV
N

CTI
TV
Ventricles

CT – Crista Terminalis ( It provides a barrier to conduction
transversely across this )
ER – Eustachian ridge (a ridge in between inferior vena cava and
coronary sinus : also proves to be a barrier).
CTI = Cavo-Tricuspid Isthmus : thus , this remains only the alternative
pathway to depolarize the inferior surface of the right atrium, hence the
Cavo-tricuspid isthmus dependent circuit (as illustrated in diagram A)
Isthmus Dependent Typical Atrial Flutter
 Counterclockwise: The most common- with predominantly
negative waves in inferior leads – II ,III and aVF with positive in
V1
 Clockwise just the reverse
Non-Isthmus dependent atypical atrial flutter
 with higher rates and rhythm instability; involving either of the
atria and the substrate is formed by the scar tissue (post ablation
procedure) and it may be idiopathic in origin. This is less
amenable to treatment with ablation

| 74

Atrial Fibrillation
Rapidly and repetitive firing
cells within the sleeves of
pulmonary veins with atrial
reentry phenomena in the left
atrium.

Reentry mechanism over a larger area of atrial myocardium working in
an unsynchronized manner.

Concealed
conduction

Competition
within AV node

The more beats that enter the
AV node , only the fewer are
able to pass through it and reach
the ventricles.

Ventricular
rate
Physiological delay

Multiple levels of block
within AV node

Atrial rate
The 1:1 AV relationship is seen only upto the limit of atrial rate 150-160
bpm (comfortable zone ).
(The non-conducted atrial ipulses are being blockd after being their
partial penetration into the AV node. This Concealed conduction
depolarizes a part of the AV node making it refractory to the incoming
impulse )
The balance in between the sympathetic and parasympathetic inputs can
influence the AV nodal conduction.
+ conduction with RBBB pattern aberrancy.

Ashman-Phenomenon

In atrial fibrillation , when a relatively long cycle is followed by a
relatively short cycle , the subsequent beat with a short cycle often has
the configuration of RBBB.

Atrial fibrillation :
Classification

Paroxysmal (terminates spontaneously within 7 days) , Persistent
( lasts more than 7 days) , Long standing persistent ( more than 12
months) , Permanent ( unresponsive ).

Risk association

Thromboembolic phenomena , Development or worsening of heart
failure, Tachycardia related cardiomyopathy.
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OUTLINE
Introduction
The Atrial Flutter/Fibrillation Spectrum
The atrial premature beats act as triggering factors
Reentry circuit
Some interesting facts about the Atiral Flutter/Fibrillation Spectrum
Difference between Atrial flutter and fibrillation

Atrial Flutter
Definition
Risk Association
Mechanism
Classification
 Isthmus dependent typical atrial flutter
 Non-isthmus dependent atypical atrial flutter
The efficacy of AV conduction in atrial flutter
Electrocardiographic characteristics
Some tips to never miss Atrial Flutter with 2:1 AV conduction (Bix Rule for Arial
Flutter)
Some ECGs illustrations

Atrial Fibrillation
Definition
Deleterious Effect
Mechanism
Atrial fibrillation may be without any cause-known as ‘Lone Fibrillation’ (without
clinical evidence of heart disease) or may be associated with some cardiac diseases
Classification
 Paroxysmal , Persistent , Long standing persistent, Permanent
Atrial fibrillation in old age
The efficacy of AV conduction with atrial fibrillation is bizarre
Changes in autonomic tone
ECG characterisitics
Comments on Wave Size on ECG : Coarse/Fine
ECG pattern as per ventricular rate response
Some ECGs illustrations
Concluding remarks

References
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THE ATRIAL FLUTTER/FIBRILLATION SPECTRUM
 DR. D.P. KHAITAN
MD (MEDICINE), FCGP(IND), FIAMS(MEDICINE), FICP
There are two dangerous jingling corners in the woodland of the heart – one is having the
alarming portal of macro-reentry (atrial flutter) while the other herald with the whirls of
terrestrial birth (atrial fibrillation) : the patient cries in with wild fiery grip hacking the life in
roars.

Introduction
The atrial flutter/fibrillation spectrum is rather an electrophysiological concept which
entails the involvement of REENTRY circuits for its operation. On one end, the bigger circle,
usually in the right atrium is responsible for regular, uniform and sharp flutter (AF) waves
while on the other end, the multiple smaller circles produce more irregular, multiform and
rounded fibrillatory waves (Af) on ECG. Both reentrant circuits involve a large area of atrial
myocardium.
Atrial Flutter

Atrial Fibrillation

'AF' waves – regular, uniform and
sharp ("sawtooth-like")

'Af' waves – irregular, multiform and
rounded

Fig. 1.1

AV
NODE

The atrial premature beats act as triggering factors on the atrial muscular mass - the
substrate of its prey. The atrial site is ignited by these triggered activities and so trapped atrial
premature beats may enter the reentry circuit to have the repetitive firing of its impulses. This
firing may take the shape of either atrial flutter or fibrillation depending upon the rate of
firing; with the single circuit it is less and regular while with multiple circuits it is more rapid
and chaotic. That's why, it is known as atrial flutter/fibrillation spectrum, an upbearing boat
for the both - on one end of the boat the atrial flutter predominates and on the other end the
atrial fibrillation predominates .
Re-entry is a circuit in which an impulse reenters with repetitive firing within the atrial
region. The requirements are 1. An abnormal electrical circuit. 2. Conduction of the impulse
around the circuit. In the atria, these requirements are met with the anatomical structures
such as pulmonary veins openings in the left atrium (atrial fibrillation) or tricuspid or mitral
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ring (atrial flutter) or by areas of electrical disturbances created by heart surgery, by previous
ablation or sometimes spontaneously, etc. The triggered mechanism is usually by the atrial
premature beat, delivered at a vulnerable period during sinus rhythm.
Smaller multiple circuits over
the left atrium
A macro-reentrant circuit
over the right atrium

Fig. 1.2
This reentrant mechanism is responsible for both atrial flutter and fibrillation, in the case of
atrial flutter P waves are replaced by flutter (F) waves - with "sawtooth" appearance and in
the case of atrial fibrillation P waves are replaced by small (f) oscillatory waves of variable
shapes and sizes.

Some interesting facts about the Atrial Flutter/Fibrillation Spectrum
1.

2.

The involved atria are having some vulnerable period, during which atrial premature beat
may precipitate atrial flutter/firbillation. The premature atrial beat is resumed to
touch the vulnerable period if it falls in less than half the way compared to the
preceding interval between normal p waves (Killip and Gault).
Atrial flutter/atrial fibrillation repetitive cycle may come to end when the ongoing
impulse finds no perceptive atrial cells, thus 'breaking of the cycle' of re-entry circuit.

Difference between Atrial Flutter and Fibrillation
Basic: Both these are operated within the atria with the following differences  Atrial Flutter has the macro-re-entry circuit allowing the impulses to move in a regular
way around the circuit and the waves are recorded on ECG in up-down pattern - shaped as
'sawtooth' appearance.

Fig. 1.3
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The unidirectional speed-up flow of the impulse moving around the macro-entry circuit is
at regular rate (usually around 300 cycles/min; range 240-350 cycles/min) which is
responsible for identical form of flutter waves (sawtooth appearance) in the recorded leads
(cycle length in between F-F being identical). The AV node is not able to conduct all the
incoming impulses through it. This is known as ventricular response with a fixed or
variable F/QRS ratio. There is usually a consistency in the wave pattern with atrial flutter
on ECG.
 Atrial fibrillation unlike the atrial flutter, emerges out due to the rapidly firing smaller

atrial circuits in a completely irregular chaotic pattern around the area in between
pulmonary vein and the left atrial junction, from where the waves are being spread
throughout both the atria. The pattern on ECG is quite opposite to that of atrial flutter (the
atrial rate is somewhat more rapid-about 400-600 beats/min). The atrial rate is very
fast, with the action potentials of low amplitude. The net result is that waves are quite
irregular and chaotic in morphology - the height, the width and f-f intervals all are variable
and therefore, the ventricular response is also completely irregularly irregular . There
is no consistency in the wave pattern on ECG.

Rapidly firing cells within the
sleeves of pulmonary veins
with smaller atrial reentrant
phenomena in the left atrium.

Fig. 1.4

Characteristics
Reentrant Phenomenon

Atrial flutter
Organised

Atrial fibrillation
Disorganised

Atrial wave

A regular identical pattern:
Completely chaotic (f)
sawtooth appearance - (F)

Map out interval in betweenIdentical (no gap in between theVariable-irregularly irregular
waves)
waves
Ventricular response

Constant with fixed or variable Usually completely irregular
F/QRS ratio

DC shock terminates

Low energy (50-100 J)

High energy (100-200 J)

Pacing terminates

Usually

Almost never
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ATRIAL FLUTTER
Definition: Atrial flutter is an arrhythmia originating from the atria with a stable rate of
240-350/min due to the anomalous macro-re-entry electrical system usually in the right
atrium resulting in waves with the morphology of 'sawtooth' appearance (F), with some
physiological AV conduction impedance.

Risk Association : It usually indicates its association with underlying
structural/electrical atrial disease. This is usually associated with increased risk of
thromboembolism. Atrial flutter with 1:1 AV conduction with very fast rate although rare, is
a medical emergency.
( flutter may be seen with any form of heart disease , may be precipitated by any acute illness
and this may occur transiently after cardiac surgery. It is most usually a companion with
ischemic heart disease and mitral stenosis. Indeed this is rare in the absence of structural heart
disease. Sometimes aging is a significant risk factor ).

Mechanism :
Atrial flutter is most commonly initiated by a premature atrial beat. There is a bigger circular
ring of reentry for the electrical impulse propagation – the upper part of the right atrium is
connected to the lower part forming a complete circle for the macro-reentry. The adjoining
ring in between the inferior vena ceva and the corresponding tricuspid valve annulus forms
the inferior part of the circle known as Cavo-Tricuspid Isthmus. The upper part of the
macro-reentry circuit joins this cavo-tricuspid isthmus to form a continuous macro-reentry
circuit, as illustrated by the following diagram ( B ) , concerned within the right atrium :

SVC

SVC
CT

AVN

AVN

IVC

ER

CTI

CS

CS

IVC
CTI

TV

A

TV

B
Fig. 1.5

Ventricles

Fig. 1.6

Ventricles

CT – Crista Terminalis ( It provides a barrier to conduction transversely across this )
ER – Eustachian ridge (a ridge in between inferior vena cava and coronary sinus : also
proves to be a barrier).
CTI = Cavo-Tricuspid Isthmus : this remains only the alternative pathway to depolarize the
inferior surface of the right atrium, hence the name Cavo-tricuspid isthmus dependent
circuit (as illustrate in diagram A)
IVC = inferior vena cava, TV = Tricuspid valve, AVN = AV node
SVC = Superior vena cava

CS = Coronary sinus ,
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HOW DOES CAVO-TRICUSPID ISTHMUS – DEPENPDENT CIRCUIT CREATED
(AS ILLUSTRATE IN DIAGRAM A)
 The tranverse conduction block in the crista terminalis has been reported in the

arrhythmogenesis of CTI-dependent atrial flutter ( but fast conduction velocity is
observed in the longitudional direction of the CT - anisotropy).
 Atrial flutter is initiated by a premature atrial impulse which gets propagated in the
different directions of the atria but meets with the transverse conduction block in the
crista terminalis and below by the Eustachian ridge (ER) traversing from inferior vena
cava to the coronary sinus.
 This , there is a blockade of impulse passing to the inferior part of the right atrium
only Cavo-tricuspid isthmus may allow the pathway for the conduction to the inferior
surface.
 Progressive atrial dilatation + fibrosis with advancing age may produce nonuniform anisotropic conduction across the CTI.

Classification
ISTHMUS DEPENDENT TYPICAL ATRIAL FLUTTER
Depending upon the direction of the impulse propagation this macro-reentry is subdivided into
two types:
1. Counterclockwise : This is the most common variety. Since during its counterclockwise
journey, impulses pass away from the AVN upwards to the interatrial septum and so the
recording of waves are predominantly negative in inferior leads – II, III, aVF and
positive in V1.
2. Clockwise : Since during its clockwise- journey, impulses pass towards the AVN, the
recording of the such waves are predominantly positive in inferior leads II, III, aVF and
predominantly negative in V1.
Both counterclockwise and clockwise atrial flutter may occur in the same patient. In most of
the cases isthmus dependent macro-reentry circuit is responsible for the atrial flutter and
this circuit is situated over the right atrium.
NON-ISTHMUS DEPENDENT ATYPICAL ATRIAL FLUTTER
This variety is more rare and may involve either of the atria and the substrate is formed by the
scar tissue (post surgery or post ablation procedure) and it may be idiopathic in origin. This is
often associated with higher atrial rates and rhythm instability – less amenable to treatment
with ablation.

The Efficacy of AV Conduction in Atrial Flutter:
BASIC PRINCIPLE: The AV node is not capable of allowing all the Atrial Flutter
waves to reach to the ventricle. The conduction through AV node is having more
complex patterns of blockade. The degree of functional AV block varies in a specific
way, producing F/QRS ratio with variable patterns of RR intervals – This is known as
GROUP BEATING. This happens due to the presence of multiple levels of block within
AV Node.
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MULTIPLE LEVELS OF BLOCK WITHIN AV NODE
 The 1:1 AV relationship is seen only upto the limit of atrial rate 150-160 bpm
(comfortable zone).
 Above this atrial rate , the physiological delay in the AV Nodal conduction proves
to be barrier for some atrial impulses in reaching to the ventricles.
 With the further increment in the atrial rate , the ventricle rate gets further diminished
because of the mutual competition within AV node.
 The non-conducted atrial impulses are being blocked after being their partial
penetration into the AV node. This concealed conduction depolarizes a part of the
AV node making it refractory to the incoming atrial impulse.
 The balance in between the sympathetic and parasympathetic inputs can influence the
AV nodal conduction.

THE RESPONSE OF ATRIAL FLUTTER TO AV CONDUCTION
 During Atrial Flutter the ratio of F/QRS may be either fixed to even ratio (2:1 , 4:1 , 6:1
and so on) or uncommonly odd ratio (3:1 / 5:1) .When the even ratio of F/QRS remains
constant the ventricles rhythm is regular, the ventricular rate may be regularly irregular
due to the blockade at two levels within the AV node. When the AV conduction is
variable due to the jumping from one pattern to the other, the ventricular rhythm is
irregularly irregular. Atrial Flutter signals may be complicated by complete heart block
(CHB), as well.


Intraventricular conduction of the flutter wave at times may be associated with rate related ventricular aberrancy.



Atrial Flutter with 1:1 AV conduction results in a very rapid regular ventricular rate
endangering the life with severe heaemodynamic instability and progression to
ventricular fibrillation and this is the medical emergency. It may occur under the
following circumstances:
1. High catecholamine surge – as in physical exercise of high degree, high fever, etc.
2. With the intake of certain antiarrhythmic drugs such as flecainide. These drugs may
slow the conduction of fast running atrial flutter waves to somewhat slow moving
flutter waves which may pass through AV node as 1:1 conduction.
3. Passing through the accessory pathway of WPW preexcitation syndrome the atrial
flutter waves may pass the ventricle as such without meeting with the physiological
blockade of AV node resulting in very fast 1:1 conduction.
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Electrocardiographic characteristics
General features
 Regular narrow complex tachycardia (unless there is aberrant ventricular conduction or
pre-existing bundle branch block)
 Regular undulating closely spaced atrial activity at about 300 beat/min – Flutter F waves
with the loss of isoelectric baseline in between.
 Flutter waves ("saw-tooth" pattern) best seen in leads II, III and aVF – may be more
easily seen in V1 by turning ECG upside down.
 The flutter waves in V1 may be narrow resembling P waves ( one ‘F’may be buried
within accompanying QRS and other lost within the preceding T wave) .
 The T waves are usually masked or deformed by the flutter waves.
 Fixed AV block patterns – ventricular rate is a fraction of the atrial rate.
 Variable AV block, the R-R intervals will be multiples of the F-F intervals.
 Sometime the flutter waves may be intermingled with small irregularly irregular wave
patterns suggestive of atrial fibrillation – the condition is termed as 'Flutter –
Fibrillation'.

Atrial Flutter with variable degree of AV conduction (clockwise – Cavo-Tricuspid Isthmus)
(Atrial rate – 300/min)

Fig. 1.7
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Some tips to never miss Atrial Flutter with 2:1 AV Conduction (Bix Rule
for Atrial Flutter)
New-onset atrial flutter is usually conducted with 2:1 AV conduction (a comfortable rate of
about 150/min through the AV node). The following tips should be taken into consideration
while interpreting such cases :
 Harold’s Bix, a Viennese cardiologist and colleague of Dr. Henry Marriot, states that
if a P wave appears halfway between two QRS complexes, there is likely a P
wave hidden in the QRS complexes.
 Any rhythm around 150 bpm should raise the suspicion of atrial flutter with 2:1
conduction in the absence of obvious region for sinus tachycardia.
 Search for the entire 12 lead ECG for such occurrences – sometimes atrial flutter may
have momentarily AV conduction as 3:1 ratio. Sometimes part of atrial flutter might
be buried within QRS complex.
 In cases of confusion , do carotid massage which usually slows the ventricular
rate (increases grade of AV block) and may make flutter waves more evident.

Lead II

Fig. 1.8

Atrial flutter with 2:1 conduction
( Part of flutter wave is being buried with QRS )

( P.T.O )
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ATRIAL FIBRILLATION
Definition: Atrial fibrillation is a disorganized, asynchronous fractionated atrial activities
recognized on ECG by the presence of more rapid, irregular, multiform and rounded
'fibrillatory' waves with no discernible pattern. The unpredictable conduction of these waves
through the AV node results in disrupted rhythm with irregularly irregular pattern.

Deleterious effect :




The ineffectual atrial contraction of the atria by these tiny 'f' waves may cause stagnation
of the blood and so causes the formation of intra-atrial clot which may even result in a
stroke (Thromboembolic phenomena).
Development or worsening of heart failure: The rapid heart rate with inadequate filling
of the ventricles with incoming blood and also associated with cardiac ischemia may
result in low cardiac output with somewhat stagnation of blood in the lungs.
A long standing case of atrial fibrillation may result in Tachycardia related
cardiomyopathy.

Mechanism :
(I) Triggering factors: There is repetitive firing of impulses arising from the pulmonary
veins; usually from muscular tissue sleeves near the junction with the left atrium (the
beats may be initiated by premature atrial contractions). Triggering factors may be
operative outside the pulmonary veins: posterior left atrial, coronary sinus, venae cavae,
septum, left atrial appendage , etc.
(II) Substrate is the atrial tissue on which the repetitive firings are taking shelter to
perpetuate the process of atrial fibrillation.
(III) Sustaining mechanism in chronic cases : There is a gradual set in of atrial dilatation
with fibrosis. This process shortens the refractory period resulting in the genesis of
multiple atrial wavelets in an unsynchronized manner..

Atria

Unsynchronized wavelets coursing around
islands of reduced refractory atrial tissue.

Triggering action

Pulmonary veins
(in the majority of cases)

*Unsynchronize
d ‘ reentry’

Af

* reentry mechanism over a large area of
L.atrial myocardium working in an
unsynchronized manner.

Rapidly and repetitive firing
cells within the sleeves of
pulmonary veins with atrial
reentry phenomena in the left
atrium.

Fig. 1.9
There is a growing evidence that in some cases atrial fibrillation might be a heritable disase due to
gene mutation ( there seems a gain of functional mutation) , allowing for more pores , enhancing the
activity within the ion channel of the heart and thus , influencing the stability of the membrane with
reduced refractory time.

| 85

Atrial fibrillation may be without any cause-known as 'Lone
Fibrillation' (without clinical evidence of heart disease) or may be
associated with some cardiac diseases as listed below:









Rheumatic heart disease (typically mitral stenosis)
Hypertension
Ischemic heart disease
Heart failure by itself
Hyperthyroidism , Diabetes mellitus , obesity
Severe obstructive sleep apnea (OSA) specially in obese patient.
Sometimes it may be a part of sick sinus syndrome
Miscellaneous : Pericardial disease, cardiomypathy, certain forms of congenital heart
disease (ASD) and non-cardiac conditions (acute infections, Electrolyte disturbanceHypokalaemia,
Hypomagnesaemia,
Acid-base
disturbance
and
even
Phaeochromocytoma , chronic lung disease , pulmonary emboli)
Patient may have more than one predisposing factors.

Classification :
BASED ON THE MODE OF PRESENTATION AND DURATION OF ATRIAL
FIBRILLATION:
American college of cardiology (ACC)/American Heart Association (AHA) / Heart Rhythm
Society (HRS) committee of experts laid down the classification of atrial fibrillation
based on duration , as stated blow:
 Paroxysmal : Episodes of AF that terminate spontaneously within 7 days (most
episodes last less than 24 hours). Paroxysmal AF may occur spontaneously or it may be
brought about with excessive alcohol intake , in otherwise healthy subject (holiday heart
syndrome).
 Persistent : Episodes of AF that last more than 7 days and may require either
pharmological or electrical intervention to terminate.
 Long-standing persistent : AF that has persisted for more than 12 months, either due to
the failure of initiation of pharmological intervention or failure of cardioversion.
 Permanent : It is the variety where a decision has to be made to about all therapies
because the rhythm is unresponsive.

Paroxysmal

Persistent

Long standing

Permanent

As Time progresses

Pulmonary vein

Atria
(Atrial dilatation + fibrosis)

Triggering foci
Functional reentry substrate
Structural reentry substrate
Fig. 2.0
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Atrial fibrillation in old age - the following factors might be
responsible :
 Increasing left-atrial size with advancing age
 Underlying sick sinus syndrome due to the narrowing of sinus nodal artery with the

associated atrophy of the sinus nodal cells : manifested as brady-tachycardia
syndrome ensuing with atrial fibrillation.

The efficacy of AV conduction with Atrial fibrillation is bizzare
BASIC PRINCIPLE: With more rapid and chaotic atrial fibillatory waves there is
possibility of higher AV refractoriness with variable degree of functional AV blockade
and so the resulting rhythm is irregularly irregular. Many f waves compete for penetrating the
AV node but a few succeed.

Changes in autonomic tone
At times atrial fibrillation is related to sympathetic tone (e.g. during exercise or with
emotional excitement).
Sometimes Af might be associated with abnormally high vagal tone (vagotonic atrial
fibrillation - as noted in athletes).

ECG characteristic










The presence of fine/course oscillatory waves of different heights, shapes and sizes – 'f'
waves
The rhythm is irregularly irregular due to the variable AV block.
Sometimes the 'f' waves are so fine not to be detected on ECG – on the basis of complete
irregularity (irregularly irregular) the diagnosis of atrial fibrillation is made but baseline
undulations may be seen in leads V1 / inferior leads.
At times the ventricular rate is so fast that the irregularity of the rhythm is noticed only
on careful keen observation.
Usually it is a narrow complex tachycardia, but there may be conduction with rate related
aberrancy with wider QRS complex as seen in Bundle Branch Block.
Ashman-phenomena : In atrial fibrillation , when a relatively long cycle is followed
by a relatively short cycle, the subsequent beat with a short cycle often has the
configuration of RBBB.
At an atrial rate of >350 beats per minute the ensuing atrial waves might have the
combined characteristics of both flutter and fibrillation – the term 'atrial flutterfibrillation' is used (Some patients of atrial flutter may convert spontaneously to
fibrillation or this may happens so due to the co-administration of certain drugs like
digitalis which increases the atrial rate towards the atrial fibrillation by shortening
refractory periods of atrial myocardium. However, drugs like quinidine, procainamide or
flecainide which converts the atrial fibriallation into atrial flutter by lengthening the
refractory period of the atria.)
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Comments on wave size on ECG:


Coarse Af – irregular 'f' waves of amplitude ≥0.15 mV in more than one leads, unlikely
to occur in a normal sized left atrium. Mild degrees of atrial activity or drugs slowing the
atrial activation might produce course Af, at times resembling with atrial Flutter.
Advanced rheumatic mitral stenosis may also be associated with such coarse Af.



Fine irregular 'f' waves of amplitude < 0.15 mV in more than one leads, sometimes no
undulation may be perceived on ECG paper due to its ultra-fineness but the ECG
diagnosis of atrial fibrillation may be made by the irregularly irregular patterns of R-R
intervals. On careful inspection fine undulations may be observed over V1 / lead II.
Structural atrial abnormalities (atrial dilatation + fibrosis in long standing fibrillation) or
drugs like digoxin can result in fine Af with almost isoelectric line , and there may be
confusion of atrial asystole with fine fibrillatory waves.



Sometimes both fine and coarse ‘f ’ wave can co-exist in the same ECG.

ECG pattern as per ventricular rate response :


Fast atrial fibrillation if the rate is more than 100/min; rates as high as 200 beats per
minute may be observed (in the absence of AV nodal disease or suppressive drugs , such
giving the impression of regular rhythm – pseudo regularization and may , therefore,
be confused with PSVT).



Slow atrial fibrillation if the rate is less than 60/min, occurring when the AV node is
either diseased or markedly suppressed by durgs digitalis, beta-adrenergic receptor
blocker or calcium antagonist.



Exceptionally regular atrial fibrillation may develop with associated complete heart
block wherein AV node is having its own intrinsic slower rate intermingled with atrial 'f'
waves (AV dissociation due to high-degree AV block and accelerated junctional rhythm /
accelerated ventricular rhythm - “atrial fibrillation with AV dissociation due to AJR
or AVR.”)



Pre-excitation with atrial fibrillation : the refractive period of the accessory pathway
determines the ventricular rate which may be as high as 300 bpm. In the presence of
atrial fibrillation , the ventricular rate is determined by the length of the refractory period
of the AV node (more is the refractory period of the AV node , less is the refractory
period of the accessory pathway associated with WPW syndrome ).



Af and Flutter may occur in the same patient – the Af organises into atrial flutter or atrial
flutter degenerates into AF.
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Fig. 2.1

Atrial fibrillation

Atrial Flutter-Fibrillation

Atrial flutter

Fig. 2.2
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Fig. 2.3

Fig. 2.4

Atrial fibrillation with fast ventricular rate

Pre-excitation – Atrial fibrillation
(By courtesy of Prof. Dr. A.N Rai, MD, MRCP (UK), FRCP(Glasco), FICN, FICP)
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Concluding remarks
Again to say , as stated in the beginning
There are two dangerous jingling corners in the woodland of the heart – one is having
the alarming portal of macro-reentry (atrial flutter) while the other herald with the
whirls of terrestrial birth (atrial fibrillation) : the patient cries in with wild fiery grip
hacking the life in roars.
The alarming portal of macro-reentry (isthmus dependent counter-clockwise circuit) is mostly
responsible for Atrial Flutter with its accompanying features : a stable rate of 240-350/min
due to the anomalous macro-reentry electrical system usually in the right atrium resulting in
waves with the morphology of ‘sawtooth’ appearance (F) , with some physiological AV
conduction impedance. This is amenable to radiofrequency ablation of Cavo-tricuspid
isthmus with a very good success result.
The other heralds with the whirls of the terrestrial birth (atrial fibrillation) with a
disorganized, fractioned atrial activities recognized on ECG by the presence of more rapid,
irregular, multiform and rounded ‘fibrillatory’ (f) waves with no discernible pattern. The
unpredictable conduction of these waves through the AV node results in disrupted rhythm
with irregularly irregular pattern. Here Pulmonary vein isolation (PVI) is the key to atrial
ablation procedure. Cryoballoon is among the most commonly used energy source for
PVI .
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USE THE ‘BIX RULE’ WHILE INTERPRETING SVT –
READING THE MIND OF DR. HAROLD BIX
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction :

QRS --P'-- QRS
(P')

SVT

Bix rule - If one is dealing with supraventriular tachycardia in which
visible P' wave is situated midway between two ventricular
complexes , there will be a probability that there is a P' wave lurking
within the next QRS complex. This rule is mainly helpful in
identifying atrial flutter with 2:1 AV conduction but also helpful in
atrial tachycardia with 2:1 conduciton

QRS -P'-QRS
(P')

A basic concept of atrial
flutter and atrial
tachycardia

Atrial flutter : MACRO REENTRY



Saw-tooth appearance without intervening isoelectric line
Rate 250-350/min , usually around 300

Atrial tachycardia : ENHANCED AUTOMATICITY (otherstriggered or microentry)



'Electrophysiological
Foundation’
SVT..2:1 AV conduction..
QRS --P'-- QRS
(P')

Bix rule – know the
breaking point of rhythm
pattern on ECG

The decremental conduction across AV Node does not usually
tolerate supraventricular increment beyond a limit if directly
imposed upon it – the comfortable ventricular zone is 150 bpm , so
is due to 2:1 AV conduction.
Thus , with 2:1 AV conduction one atrial beat is allowed to pass
through AV node in a sequential way P-QRS-T, but the next
activated non-passed atrial beat is just coincidentally coming at a
time of QRS so it is hidden within.





A methodical approach to
Bix rule
My mnemonic – Six ‘ S’

Non-sinus P’ wave with intervening isoelectric line
Rate 100-150/min – slower than that of atrial flutter
(sometimes may go upto 300/min)

Atrial flutter waves occur at about 250-350/min usually
around 300. These flutter waves , especially of newer onset
are conducted with 2:1 through AV node resulting in
ventricular rate 125-175/min, on average around 150.
Waves of atrial tachycardia with higher rate might also be
conducted with 2:1
SVT with 2:1 AV conduction , the first P' may be visible
midway between two ventricular complexes while the next
one is probably lurking within the next QRS complex.

 Suspect any supraventricular tachycardia around 150/min to

be atrial flutter / atrial tachycardia with 2:1 AV conduction ,
unless and until disapproved
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 Scrutinise every lead of 12 surface ECG to find out the








 Short RP may also be
expressed as less than 50%
of RR interval
 Long RP may be also be
expressed as more than
50% of RR interval

points in favour of ‘Bix rule’, is already mentioned.
Is there any transient short spell of atrial flutter visible
anywhere on ECG ?
Slow the ventricular rate by carotid massage / adenosine
whenever needed.
Set Re-ECG tracings : on slowing the ventricular rate , one
should make an effort to visualize atrial flutter with more
clarity.
(Distinction with atrial fibrillation : which may appear
sometimes alike atrial flutter but these are irregularly
irregular).
Spot Atrial tachycardia : One should see the presence of
non-sinus P with long RP interval to make the diagnosis of
atrial tachycardia with 2:1 AV conduction.
See the alternate diagnosis
Two important alternate diagnosis must be excluded
(suspicion - the mirage effect as if P’ is situated midway) :
AVNRT : Short RP tachycardia (instead of P wave
peeping through the distal base of the QRS, there is a
short isoelectric line before inscribing the P wave with
RP<50% of RR interval – known as short RP
interval) , pseudo s in inferior leads with r' in V1/aVR or
even P wave may not be visible (hidden within QRS).
AVRT(orthodromic) : Long RP tachycardia (sometimes
P’ wave might be seen just after T wave with RP>50%
of RR interval – known as long RP interval) ,
+ associated with more prominent ST/T changes over
inferior/precordial leads , + electrical alternans : one may
see the evidence of WPW syndrome on basal ECG or
after its conversion with DC shock.

Introduction
Always think over 'Bix rule' while
encountering a rhythm with SVT.

OUTLINE

A basic concept of atrial flutter and
atrial tachycardia
Bix rule - know the breaking point of
rhythm pattern on ECG
A methodical approach to Bix rule
Suspect any SVT around about 150/min
to be atrial flutter/atrial tachycardia with
2:1 AV conduction, unless and until
disapproved

Some ECGs illustrating the Bix rule
ECG 1 P' between two QRS complexes and with
intermittent short run of atrial flutter in the same
ECG

ECG 2 midway P' in between two QRS
complexes. On the subsequent ECG atrial
flutter with variable degree of AV conduction.
ECG 3 Atrial tachycardia (long RP interval)

Concluding remarks
Consider Bix rule while encountering a rhythm of
SVT.
Practising makes a man perfect

Further reading suggested
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USE THE 'BIX RULE' WHILE INTERPRETING SVT
- READING THE MIND OF DR. HAROLD BIX
BSTRACT

 DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

QRS --P'-- QRS
(P')
Bix rule is a phenomenon description to know the point of 'Breaking out of Rhythm
Pattern' in SVT - P' wave halfway between the QRS complexes and the next P' lurking
within the next QRS complex. Dr. Bix with ''encyclopedic knowledge of arrhythmia'' put this
rule before the world to recognise this pattern .The decremental conduction across AV Node
does not usually tolerate supraventricular increment beyond a limit if directly imposed on it –
the comfortable ventricular zone is 150 bpm , so is due to 2:1 AV conduction.

Introduction
In this article , the implementation of 'Bix rule' is detailed, it seems to be useful while
interpreting SVT in certain specific situation. A correct diagnosis is very much essential in
managing the case. This popular 'Bix rule' was termed as such in honour of a Viennese
cardiologist Dr. Harold Bix who had an encyclopaedic knowledge of arrhythmia. The
recognition point of 'Breaking out of Rhythm Pattern' seems fundamental in identifying
the cardiac arrhythmia.
Let us review that Bix rule narrates :
Bix rule - If one is dealing with supraventriular tachycardia in which visible P' wave is
situated midway between two ventricular complexes , there will be a probability that there is
a P' wave lurking within the next QRS complex. This rule is mainly helpful in identifying
atrial flutter with 2:1 AV conduction but also helpful with atrial tachycardia with 2:1
conduciton.
The science and art of the cardiac arrhythmias lies in identifying the 'breaking out of
rhythm pattern' wherein one is most likely to find the solution. Every cardiac arrhythmia
is having some particular characteristic of identification which keeps it separate and distinct
from other arrhythmias. Marriott's epigrammatic - 'dig the break' narrates the same
principle.
Bix rule is the very example of 'dig the break'. A clear vision, backed up by a definite plan
paves a path to reach to the diagnosis in a case of arrhythmia with confidence. Thus , the
most efficient way by which to make a diagnostic approach to SVT depends upon one’s
ability in the identification of this concerned rule , as mentioned above. This rule imparts a
learning how to think the relationship of SVT with the next accompanying ventricular
complex in a case with 2:1 AV conduction.
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If one thinks over and over almost every time while encountering a rhythm of SVT and
adopts Bix rule as a habit to pickup the P' wave situated midway between ventricular
complexes - one may become a rockstar in picking up a atrial flutter / atrial tachycardia with
2:1 conduction , otherwise this is being missed.

A basic concept of Atrial flutter and Atrial tachycarida
This become essential to review the basic concept with the differences in between atrial
flutter and atrial tachycardia to understand the electrocardiographic implication of Bix rule
ATRIAL FLUTTER

ATRIAL TACHYCARDIA

1. Mechanism

MACRO-REENTRY of an
electrical impulse within the
atria

2. Rate

250-350/min , usually around
300

3. Morphology

Saw-tooth appearance without
having intervening isoelectric
line

ENHANCED AUTOMATICITY
in the pacemaking cells within the
atria (others - triggered or microrentry)
100-250/min - slower than that of
atrial flutter (sometimes may go
upto 300/min)
Non-sinus P wave with intervening
isoelectric line

4. Degeneration into
atrial fibrillation

Flutter wave may degenerate
into Fibrillation

Not so

5. Rhythm regularity

Regular but may be irregular
with variable AV conduction
or if associated with atrial
fibrillation (atrial flutter
fibrillation)

Usually regular (focal AT with
variable block may be associated
with digoxin toxicity)

6. Vagal manoeuvres
(carotid massage)
/ adenosine may
unmask the atrial
activity (P wave
may be visible )

 Slowing of AVN conduction and induction of intermittent AV
block , atrial electrical activity can thus be unmasked , revealing P
waves with more clarity (atrial flutter , focal AT).
 Temporary decrease in the atrial rate of automatic tachycardia
(focal AT)
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Bix rule - know the breaking point of rhythm pattern on ECG
The decremental conduction across AV Node does not usually tolerate supraventricular
increment beyond a limit if directly imposed upon it – the comfortable ventricular zone is
150 bpm, so is due to 2:1 AV conduction.

To see in details , the following points under rectangular box should be kept in mind :





Atrial flutter waves occur at about 250-350/min usually around 300. These flutter
waves , especially of newer onset are conducted with 2:1 through AV node resulting
in ventricular rate 125-175/min, on average around 150.
Waves of atrial tachycardia with somewhat higher rate might also be conducted with
2:1
SVT with 2:1 AV conduction , the first P' may be visible midway between two
ventricular complexes while the next one is probably lurking within the next QRS
complex - 'Foundation of Bix rule'.

Bix Rule
QRS --P'-- QRS
(P')

With 2:1 conduction one atrial beat is allowed to
pass through AV Node in a sequential way
P-QRS-T, but the next activated non-passed
atrial beat is just coincidentally coming at a time
of QRS so it is hidden within.

 Seek the P' midway in between
two QRS
 The next P' would be lurking
within the next QRS
 Hide-and-seek play
Since flutter waves tend to be somewhat wide
and rarely fall perfectly inside a narrow QRS
complex , one can still find imprints of buried
wave as a slight notch or slur at the base of
accompanying QRS complex confirming the
atrial activity hidden therein.

Fig. 1.1

Atrial tachycardia with long RP interval as 2:1 AV
conduction : AT wave not so wide falls perfectly
inside QRS

P midway in between two QRS
complex
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A methodical approach to Bix rule
The following steps should be undertaken in succession (My mnemonic ‘S’):
Suspicion Suspect any supraventricular tachycardia around about 150/min to be
atrial flutter/atrial tachycardia with 2:1 AV conduction, unless and until disapproved.
Scrutinise every lead 12 lead surface ECG should be thoroughly scrutinised to observe
the following chages :
 Find out P' in midway between two QRS
 Hide and seek play
Search out the hidden P' as peeping through the accompanying QRS.
 A slight notch or slurring through the base of QRS
 Is there any transient short spell of atrial flutter in between anywhere ?
Slow the ventricular rate by carotid massage/adenosine whenever applicable
Set Re-ECG tracings
On slowing the ventricular rate ,one should make an effort to
visualise atrial flutter with more clarity.
(One should rule out atrial fibrillation which may appear at times alike atrial Flutter but these
are irregular and not all alike (disorganised) - the pattern of atrial fibrillation is irregularly
irregular).
Spot Atrial tachycardia In atrial tachycardia one can see a distinct P' wave of abnormal
morphology (non-sinus) but not alike atrial flutter appearance.
See the alternate diagnosis With the rate of round about 150/min with a P' wave either in
front of QRS or just after the T wave may at times compel the clinician to think over the
alternate diagnosis due to the mirage effect as if P’ is situated midway.
.Two important alternate diagnosis must be excluded :
AVNRT : Short RP tachycardia (instead of P wave lurking through the distal limb of the
QRS, there is a short isoelectric line before inscribing the P wave – known as short RP
interval with less than 50% of RR interval) ; pseudo s in inferior leads with r' in V1/aVR or
even P wave may not be visible (buried within QRS).
AVRT(orthodromic) : Long RP tachycardia (sometimes P’ wave might be seen just after T
wave – known as long RP interval with more than 50% of RR interval) , + associated with
more prominent ST/T changes over inferior/precordial leads , + electrical alternans : one may
see the evidence of WPW syndrome on basal ECG or after its conversion with DC shock.

 Short RP may also be expressed as less than
Some ECGs illustrating 'the Bix rule'50% of RR interval
 Long RP may be also be expressed as more than
50% of RR interval

Fig. 1.2
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ECG
(1)

Narrow complex tachycardia (150/min) with mid P' between two QRS
complexes and with intermittent short run of atrial flutter with variable
degree of AV conduction over precordial leads in the same ECG.

Bix Rule
QRS --P'-- QRS
(P')
Fig. 1.3

(Source : Global Heart Rhytm Forum by Dr. Ameya udyavar on May 18 , 2020)
Source: Global Heart Rhythm Forum by Dr. Ameya Udyavar on 18.05.2020 (also
discussed the same by Dr. Chan Kit Jacky on 28.05.2020 on the same forum)
ECG findings :
 Heart rate = 150/min , midway P' (best seen in inferior leads II, III and aVF
with prominent negativity in somewhat sinuous pattern) : Bix rule applicable.
 Simultaneous appearance of intermittent short spell of atrial flutter with
variable degree of AV conduction in the same ECG (V1 to V6).
Other findings (QRS axis = about -1200 with high left anterior AV block,
associated with atypical RBBB : underlying conduction defect with ?
Cardiomyopathy)
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ECG
(2)

Ventriuclar rate = 150/min with midway P' in between two QRS complexes.
On the subsequent ECG atrial flutter with variable degree of AV conduction.

A

Source : CME INDIA on 06.11.2020 by Dr. Gupta , Jamuna Nagar
History : A known case of HCM presented 1.5 years back with AF ; reverted back , now
taking tablet Prolomet XL 25mg and tablet Cordarone 200mg daily.
Today presented with Palpitation with the above ECG , Inj. AMIODARONE Bolus IV 150
given.
The subsequent ECG is given below :

B
Atrial flutter with variable degree of
AV conduction

A

- Ventricular rate 150/min with midway P' in between two QRS complex, clearly seen

over V1 ( situated as a sharp P over T) and hidden P' seen peeping as a tiny wavelet through
the base of QRS complex (see V5) (other finding deep Q over lead I and aVL suggestive of
HCM).

B - Atrial Flutter with variable degree of AV conduction.
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ECG
(3)

Atrial tachycardia (long RP interval)

Source : Global Heart Rhythm Forum on 08.12.2019 put by Dr. N.K. Singh , an eminent
consultant physician from India

ECG findings :
Heart rate = 150/min , midway P' obvious over V1 with long RP interval (other
findings - low voltage in limb leads , interpolated ventricular premature beat
occasional and single over precordial leads)
Well - argued in a lucid way by Dr. Prof. Narendra Kumar , eminent cardiologist Atrial tachycardia (long RP interval)
Concluded by the opinion of Dr. Yash Lokhanwala , eminent cardiologist :
Atrial tachycardia with IVCD of LBB type .
(V1 is the most useful lead in view of uncertainty , also excellent lead for
characterising atrial activity)
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Concluding remarks
If one thinks over and over almost every time while encountering a rhythm of SVT and
adopts 'Bix rule' as a habit to pickup the P' wave situated midway between two ventricular
complexes - one may become a rockstar picking up a atrial flutter / atrial tachycardia with 2:1
conduction , otherwise this is being missed.
Practising makes a man perfect. And one starts to feel that regular practising is the starting
point of the practical implication of whatever knowledge one possesses. T he appreciation of
'Bix rule' opens a door while interpreting SVT.

Further reading suggested
1. 10 tips to never miss atrial flutter with 2:1 conduction , Dawn B. Altman, RN, EMTP . website - www.ems1.com>articles
2. The Bix rule - Heart & Lung - The Journal of Cardiopulmonary and Acute care- by
George Nikolic , MBBS,
FRACP, FACC, 2008 - website
www.heartandlung.org>article>pdf
3. The Bix Rule - ECG Rhythms - Website : www.ekgrhythm.com>2016/08
4. Diagnosing Supraventricular Tachycardia when Physical Examination Trumps the
Electrocardiogram , Author - James E. Ip, MD; Bruce B. Lerman, MD - AHA
Journals - www.ahajournals;.org>doi>pdf
5. The 12 Rhythms of Christmas : Atrial Flutter , Source - ems12lead.com
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AN ALGORITHM TO LOCALIZE ATRIAL
TACHYCARDIA

DR. D.P. KHAITAN

MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

Focal atrial tachycardia results from one ectopic focus within the
atria , distinguished by a consistent P-wave of abnormal morphology
that falls before a narrow regular QRS complex.

Mechanism

Micro-reentry, increased automaticity or triggered activity.

Embryological concept

Right atrium
 Along the Line of Fire (extending just from crista terminalis to
the coronary sinus), associated with anisotropy – rapid linear
with slow transverse conduction (poor transverse cellular
coupling), a noted mechanism for micro-reentry.
 The crista terminalis is a well-defined fibromuscular ridge
formed by the junction of the sinus venosus and primitive
atrium.
 The normal sinus pacemaker tissue is somewhat distributed
also along the axis of line of fire which is responsible for
automaticity, as a mechanism of Focal AT.
Left atrium
 The PV-LA junction is ideal for micro-reentry due to the
associated anistropic conduction.
(This is to be noted here that both the crista terminalis-RA and
pulmonary veins – LA junctions are ideal for micro-reentry due to
associated anisotropic conduction).
The commoner sites are the crista
terminalis, coronary sinus ostium, the
pulmonary veins and antral regions, the
tricuspid and itral annuli, the right and
left atrial appendages and the interatrial
septum.

Sites

A bird’s eye view of basic
electrophysiology of Focal
ATs



Focal point of AT either the right atrium or the left atrium,
from where it passes to the AV node through its preferential
pathway of conduction.
Preferential conduction
 Adjoining Atrial Myocardium through intervening
intercalated discs
 Interatrial conduction
Bachmann’s bundle
Muscular sheath of coronary sinus
Anteroposterior/posteroinferior septum
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Localization of the atrial
tachycardia site

P wave morphology is very useful guide to the anatomical
localization of ATs on ECG, by the accuracy of 93% specificity
and sensitivity if applied carefully by using the
electrocardiographic algorithm.
Right Atrial Algorithm

CT = Crista terminalis
TA = Tricuspid annulus

Left Atrial Algorithm

PVs = Pulmonary veins
LAA = Left atrial appendage
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AN ALGORITHM TO LOCALIZE FOCAL ATRIAL TACHYCARDIA
 DR. D.P. KHAITAN
MD (MEDICINE), FCGP(IND), FIAMS(MEDICINE), FICP
‘O’ SA Node , being the king , thou firing is dependent upon thouself with spread of the
impulses all over the atria. The warrior forces of ectopic atrial pacemaker may come in
action under some prevailing circumstances.
Focal atrial tachycardia results from one ectopic focus within the atria , distinguished
by a consistent P-wave of abnormal morphology that falls before a narrow regular QRS
complex.
The focal AT activity is usually initiated by micro-reentry , increased automaticity or
triggered activity.

Introduction
The preliminary attempt to localize the site of Focal AT by 12-lead ECG helps in its
diagnosis including management and so the cases might be referred for catheter ablation in
the standing hours of need.

Embryological concept


Right atrium

Usually Focal ATs arise from the right atrium (about 83%) , the majority of which is situated
along the Line of Fire (extending just from crista terminalis to the coronary sinus) with an
apparent gradation in frequency from superior to inferior. This might be related to the marked
anisotropy along the line of fire – rapid linear with slow transverse conduction (poor
transverse cellular coupling), a noted mechanism for micro-reentry.
Anatomically the smooth part (sinus vanarum) and the rough part of the right atrium is
demarcated internally by a vertical ridge known as Crista Terminalis. There is anisotropy
(Poor transverse cellular coupling ) along the line of Crista Terminalis extending in between
the rough and smooth part. This favours the development of micro-reentry. In addition , it
should be noticed that the normal sinus pacemaker tissue is somewhat distributed also along
the axis of line of fire which is responsible for automaticity, as a mechanism of Focal AT.
The smooth zone of the right atrium is a quite distinct entity. And the presence of structural
heart disease may also point towards the probability of ‘Right atrium’ to be site of atrial
tachycardia but outside the line of fire. This smoothness of the right atrium is disturbed by the
presence of structural heart disease.


Left atrium

The left atrium may be the site of Focal AT. Most of the wall of the left atrium is smooth in
nature , the reason being the incorporation of the primitive pulmonary veins. As the primitive
left atrium expands , the primordial pulmonary vein and its main branches are gradually
incorporated into the wall of the left atrium , leaving behind the openings of four pulmonary
veins (The PV-LA junction is ideal for micro-reentry due to the associated anisotropic
conduction). This is to be noted here that the small left atrial appendage is derived from the
primordial atrium and this part has a rough trabeculated appearance.
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Valve of sinus venosus
Sinus venosus opens into the
RA through sinuatrial orifice

PVs

RA

LA
Fig. 1.1

This is to be noted here that both the crista
terminalis-RA and pulmonary veins-LA
junctions are ideal for micro-reentry due to
associated anistropic conduction.

(Future site of crista terminalis)
The Crista Terminalis is a well-defined
fibromuscular ridge formed by the junction of the
sinus venosus and primitive right atrium. Twothirds of the focal right atrial tachycardia , seen in
the absence of structural heart disease arise along
the Crista Terminalis.
Primordial pulmonary veins : Most of the
interior wall of the left atrium is smooth because it
is formed by the incorporation of the primordial
pulmonary vein. This vein evolves as an
outgrowth from the posterior left atrial wall. With
the expansion of the atrium, the primordial
pulmonary vein and its main branches are
gradually incorporated within the wall of the left
atrium . Thus four pulmonary veins are formed.

A bird’s eye view of basic electrophysiology of Focal ATs
The focal AT activity is usually initiated by micro-reentry , increased automaticity or
triggered activity. There may be one of the more mechanism involve :
For anatomical localization of focal ATs : This is essential to have the following concept :





Anatomically Atrial tachycardia may arise either from the right atrium or the left
atrium.
From point of origin the impulse gets conducted to its destination AV node through
the path of preferential conduction , as illustrated below. Thus, there is a line of
preferential propagation from its point of origin to the AV node
There is an alteration in the P wave morphology according to the site of its origin.

Focal point
of AT

Preferential conduction
 Adjoining Atrial Myocardium through
intervening intercalated discs.
 Interatrial Conduction
 Bachmann’s bundle
 Muscular Sheath of coronary
sinus
 Anteroposterior /posteroinferior
septum
Fig. 1.2

AV Node
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Localization of the atrial tachycardia site
BASICS

 Focal AT has a focal point of its origin , from where it passes to the AV Node through
its preferential pathway of conduction.
 P wave is inscribed and recorded on 12-lead ECG, with a somewhat different polarity
and configuration.
 The lead away from the preferential pathway of conduction records negative P wave
and towards the pathway of preferential conduction records positive P wave.
 P wave morphology provides a valuable guide to the localization of AT focus.
In Focal atrial tachycardia the ectopic P is followed by an isoelectric AV interval.

Topographical sketch of Atria
RAA

The localization of focal atrial tachycardia becomes easier
by plotting P wave morphology over the leads, as
illustrated below:

LAA
CT

PVs

aVR

CS

aVL

V1

I

Fig. 1.3
CT = Crista terminalis
CS = Coronary sinus os
RAA = Right atrial appendage
PVs = Pulmonary veins (somewhat posteriorly situated)
LAA = Left atrial appendage

III

aVF

II

Fig. 1.4

Whether right or left atrium
Lead V1 is located to the right and anterioraly in relation to the atria

Negative or biphasic (positive, then negative) P
wave in V1

LA (Left Atrium) (Somewhat posterioraly
situated)
Positive or biphasic (negative , then positive ) P
wave in V1.

Usually with a positive P wave in aVL

Usually with a negative P wave in aVL

RA (Right atrium) (Anterioraly situated)
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Localization of different foci over right atrium

CT (Crista Terminalis) : The majority of right sided atria tachycardias occur in the region of the crista
terminalis and anisotropic conduction being present throughout may also result in micro re-entry.
Proximal end (CT)
There may be an increase in automaticity as well
due to its close proximity to the sinus node. Due to
similarity of p wave morphology to sinus rhythm
there may be confusion with sinus tachycardia
(warmup and cool down over several beats is in
favour of atrial tachycardia).

aVR
-Ve P

Distal end (CT)
Originating from the distal end of CT AT is having
a negative p wave in V1 with a superior directed p
wave axis.

aVL
+Ve P
CT

CT

CS

P

aVL
+Ve P

aVR
-Ve P

P

CS

V1

V1

Positive P
III
II

Negative P
aVF

Fig. 1.5

III
II

aVF

CS (Coronary sinus ostium)

aVL
+Ve P

aVR
-Ve P

CT

P

CS

Atrial tachycardia having its origin from the
ostium of coronary sinus is having a biphasic p (a
negative followed by a positive deflection in V1)
or isoelectric / positive.
The p wave in aVL is positive with superiorly
directed p wave axis.

V1

Negative P
III
II

aVF

Fig. 1.6

(Significant overlap is seen with AT foci at the
left septum : atrial tachycardia closer to the septum
tends to be narrower).

Body of CS : The P wave is bifid in V1 , deeply negative in leads II, III and aVF, Positve in
aVL and negative in aVR.
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TA ( Tricuspid Annulus ) ATs can arise from anywhere around the AT annulus .
aVR : P +ve

aVL with Positive or isoelectric P

Generally negative P in V1 as the annulus is anterior with activation in a more posterior
direction
(Inferiorly directed P axis)
 P +ve or biphasic in inferior
Superior
lead (II, III and aVF).
(Superiorly directed P axis)

Inferoanterior

 Inferoanterior–deeply inverted P

in inferior leads (II, III and aVF).
AT Focus originating at the right atrial appendage (RAA) – a very similar P wave
morphology to the superior location of the TA.
Fig. 1.7

RIGHT ATRIAL ALGORITHM
–Ve or biphasic (+Ve, then –Ve ) P wave in V1

Right atrium

–Ve P aVR

+Ve P aVR

+Ve P in
inferior leads

–Ve P in
inferior leads

Proximal CT

Distal CT

Fig. 1.8

P +Ve or
biphasic in
inferior leads
(II, III and aVF)

deeply inverted
P in inferior
leads
(II, III and aVF)

Superior TA

Inferoanterior
TA
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Localization of different foci over left atrium

 Positive P in V1 and remaining so positive

PVs ( Pulmonary Veins )

across all precordial leads : due to the
anteriorly propagation of impulse originating
from the posteriorly situated pulmonary veins.
Lead I : The impulse originating from Right
sided PVs move towards lead I to
depolarize the atria and vice versa is true
for left sided PVs.

Lead I

R

L

PV

PV

PV

PV

Posterior location of the pulmonary
veins over left atrium

Fig. 1.9

Right sided PVs

Left sided PVs

P positive in lead I

P negative in lead I





Atrial tachycardia from the left pulmonary
veins is rather broader as septal activation is
more delayed in comparison to right pulmonary
veins.
Atrial tachycardia from the superior pulmonary veins have an inferior directed P wave
axis and those from the inferior pulmonary veins are having a superiorly directed P
wave axis.

LAA (Left atrial appendage)




The P wave is similar to that of left side PVs. The presence of a deeply negative P
wave in lead I suggests its origin from the LAA ( more anterior position of the left
atrial appendage compare to left sided PVs).
Due to the more anterior position of the left atrial appendage , the P waves transition
becomes isoelectric in V2.

Left atrium
Aortic valve

MA (Mitral annulus)

Mitral valve

Fig. 2.0
Atrial tachycardia originating in the aorta mitral continuity is uncommon.
 Since the atrial tachycardia is arising at the superior aspect of the mitral annulus , there
is an inferior directed axis with a biphasic P wave in V1.
 The positivity of the P waves becomes progressively less from V1 through V6.
 The P wave is negative in lead I and aVL.
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LEFT ATRIAL ALGORITHM
+Ve or biphasic ( –Ve, then +Ve ) P wave in V1

Left atrium

Lead I

+Ve P
sided
PVs

-Ve P
sided
PVs

Right sided PVs

Left sided PVs




LAA
deeply -Ve P

Since the atrial tachycardia is arising at the superior aspect of the mitral
annulus, there is an inferior directed axis with a biphasic P wave in V1.
The positivity of the P waves becomes progressively less from V1
through V6.

Mitral annulus
Fig. 2.1
LIMITATION OF LOCALIZATION IN GENERAL
Sometimes it becomes difficult to localize the site due to morphological overlapping , as
illustrated below :





Proximal crista terminalis – right sided PVs
Right – left septum
Coronary sinus ostium – left septum
Left atrial appendage – left sided PVs
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Localization of atrial tachycardia on ECG
First ECG

SOURCE : CME INDIA (Dr. P.G Sarkar – DM Cardiology - Dated August 30, 2019 )
ATRIAL TACHYCARDIA
Regular Narrow complex tachycardia (approx 214 bpm) with deeply inverted P in the
inferior leads and  P in aVR (Low Right Atrial Tachycardia).

aVR

Plotting of P wave
from the above ECG

+ Ve P

Biphasic (+Ve then
- Ve)

III
Fig. 2.2

aVL

V1

aVF

I

II

Deeply inverted P
Low right atrial tachycardia
( Possibly from tricuspid annulus )
Inferoanterior

+ Ve P
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Second ECG

Half the standardization over all the leads except rhythm lead II with full standardization

SOURCE : CME INDIA (Dr. VIJAY LAXMI – BANGALORE – DATED JUNE 04, 2020)
INCESSANT LOW RIGHT ATRIAL TACHYCARDIA WITH
TACHYCARDIOMYOPATHY ( R in V6 > R in V5 = LVH )
“ Incessant is applied to an AT that is present for at least 50 percent of the time when a
patient is monitored.” (automaticity is usually the mechanism of incessant atrial tachycardia).

aVR

Plotting of P wave
from the above ECG

+ Ve P

Biphasic (+Ve then
V1
- Ve)
(Please see six beat in V1)
III

Fig. 2.3

aVL

aVF

I

II

Deeply inverted P

Low right atrial tachycardia
( Possibly from tricuspid annulus )
Inferoanterior

+ Ve P
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Concluding remarks
P wave morphology is a very useful guide to the anatomical localization of ATs on ECG , by
the accuracy of 93% specificity and sensitivity if applied carefully by using the
electrocardiographic algorithm.
Important points to be summarized as below :
 The commoner mechanism involving focal atrial tachycardia : micro-reentry ,
increased automaticity or triggered activity.
 The commoner sites are the crista terminalis , coronary sinus ostium , the pulmonary
veins and antral regions , the tricuspid and mitral annuli , the right and left atrial
appendages and the interatrial septum.
 The crista terminalis is the main site of AT in right-sided atrial tachycardia, the region
being its anistropic conduction or the automaticity may also play a role due to its
proximal location nearby SA node.
 Right sided atrial tachycardia the right atrium is more anterior to the left atrium
Negative or biphasic (positive then negative P wave is more commonly seen in right sided atrial tachycardia , usually with a postive P wave in aVL).
Left sided atrial tachycardia
Just the reverse position (the left atrium is more
posterior than the right atrium ).
A positive wave in V1 with a negative P wave in aVL.
 Tricuspid and mitral annular tachycardia are not so common , most commonly
involving micro-reentry mechanism around the annuli. The commoner site of atrial
tachycardia from tricuspid annulus is its inferoanterior part.
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