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A hero-force art of thou ‘ O Heart ’
Makes everything interesting and illuminating……
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 ECG is interesting. Here I am
putting only some of my articles. I may be excused for any error or omission.
With thanks and regards

DEDICATED
TO ALL THE
FELLOW COLLEAGUES
Full of light, O knowledge, Be our protector ;
thou are a hero, a violent destroyer of darkness
of ignorance and the good Friend of ours gifting
the mind with fullness of thy bright.
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ECG
SINOATRIAL NODE
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

Sinoatrial node is the pacemaker of the heart and this exhibits
automaticity - resting potential of nodal tissues is less negative as
compared to the RMP of atrial cells. → Na+ channels to be
automatically activated in a slowly rising semi-curve manner.
(Its firing rate is 60-100 bpm).

Discovery

Martin Flack, a young medical student discovered the centre of the
cardiac electricity origin which was later named as SA Node. –
"wonderful structure he had discovered in the right auricle of the
mole, just where the superior vena cava enters that chamber".

Location

Cluster of small cells in the right atrium having crescent like shape
with a mean length of 13.5 mm in an adult heart , at the junction of
superior vena cava with the right atrium along the upper portion of
the sulcus terminalis – its proximal portion lies into the artial
subepicardium and the distal portion lies into the subendocardium.

Blood Supply

Right coronary artery in about 55% cases and in the remainder 45%
from the left circumflex artery

Venus Drainage
Histology

SA Node drains into the right atrium.
Closely packed small round and spindle shaped cells interconnected
with each other by GAP junctions. Only the spindle shaped cells
exhibits the typical pacemaker potential.
These specialised myocytes lie in a fibrous matrix with surrounding
fatty insulation which prevents the depression of pacemaker
automaticity from the hyperpolarizing electric load of the encircling
atrial myocardium.
Not a single nodal cell is always responsible for the automaticity.
There is a shift mechanism from one cell to the other for the purpose
of automaticity.

SA Node and Its Action
Potential

The spontaneous depolarization of the pacemaker potential during | 2
phase 4 imparts the SA node its auto-rhythmicty.
The upstroke of the action potential phase 0 is created by an increase
in Ca++ conductance.
Phase 1 and 2 are absent in the SA node action potential (here there
is no question of myocontraction).
Phase 3 of repolarization is caused by increase in K+ conductance,
causing an outward flow of K+ ions.
Action potentials pass from one nodal cell to the next through pores
what are known as gap junctions..

SA Node Sending
Pacemaker Potential to
the Atria

GAP TO GAP TRANSMISSION
Autorhythmic Slow Pacemaker Potential
Fast Action
Potential
Bachman’s Bundle

SA Node Cells

Left atrium
Right atrium

AV Node

Sinoatrial nodal cells function as electrically coupled oscillators
that discharge synchronously to give rise to pacemaker potentials.
Autonomic Nervous
System

The vagus nerve by acting on the SA node slows its conduction and
modulates vagal tone by liberating neurotransmitter acetylcholine

Baroreceptors and SA
Node

A sudden increase in blood pressure stretches the baroreceptors
located in the carotid sinus and the aortic arch
increased firing
in the vasomotor centre inhibiting sympathetic drive and increasing
vagal drive to the SA node with slowing of the heart rate by the
liberated acetylcholine to lower down the increased pressure.
During inhalation, the intra-thoracic pressure is lowered down
due to the contraction and downward movement of the diaphragm
associated with the expansion of the chest cavity. Atrial pressure is
also lowered causing decreased blood flow to the heart, baroreceptors
are triggered to diminish vagal tone. This causes an increase in heart
rate. And vice versa is true during exhalation ( this is to be noted here
that this mechanism is responsible for 'respiratory sinus arrhythmia')

Embryology of the SA
Node including
conducting system of the
heart

A : - Embryonic pacemaker is at the venous (caudal) part of the
heart tube.
B : - With the fusion of the tube it lies in the sinus venosus,
C : - With the incorporation of the Sinus Venosus into right
atrium, it (SA node) lies near the opening of the SVC.
The AV node including the bundle of His is formed in the left wall
of the Sinus Venosus , and in the AV canal. After the sinus venous
is absorbed, AV node is near the interatrial septum and bundle of
His lies over the ventricular septum crest.
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Conducting system of the heart
1. Slow conducting system : Nodal system – SA node and AV
node (not insheathed by the fibrous covering)
2. Fast conducting system : Bundle of His - Bundle branches and
Purkinje system - popularly known as ‘His-Purkinje System’
(insheathed by the fibrous covering).

OUTLINE
Introduction
Discovery
Location
Blood Supply
Venous Drainage
Histology
SA Node and Its Action Potential
SA Node Sending Pacemaker Potential to the Atria
The Integrated Heart-Brain Neuro-Axis (Autonomic Nervous System)
Baroreceptors and SA Node
Embryology of the SA Node including Conductive System of the Heart
Concluding Remark
Suggested Readings
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SINOATRIAL NODE
A Narrative Review

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

"There is a remarkable remnant of primitive fibres persisting at the sinoauricular
junction in all the mammalian hearts examined... in them the dominating rhythm
of the heart is believed to normally arise." Arthur Keith and Martin Flack
With sunrise in the dawn the joy bursts with the quick move of the light across the globe –
the sky turns into jasmine bright. With the ecstasy so reflected over the earth – the daylight
moves enriching the all; the green leaves smile with the consciousness of sunny delight.
‘O Heart’, thou follow the same sweetened path. The jasmine bloom from thy centre of
awakening as descends down, reinvests the flesh with warmth energy – blossoming the body
with lovely comfort. We salute thy sunny centre – 'SA node', the source of delightful
brightness to us.

Introduction
Sinoatrial node is the pacemaker of the heart and this exhibits automaticity – these tissues
don't need of an external trigger to undergo depolarization. This can be explained by the fact
that resting potential of nodal tissues is less negative as compared to the RMP of atrial cells.
Thus, this allows Na+ channels to be automatically activated in a slowly rising semi-curve
manner.
It is a cluster of small cells in the right atrium having crescent like shape with a mean length
of 13.5 mm in an adult heart. Its firing rate is 60-100 bpm. Its dysfunction may be associated
with a group of cardiac arrhythmias and it is surprisingly to note that sinus node dysfunction
(SND) and atrial arrhythmias (eg. atrial fibrillation) may coexist together. The complex
relationship between sinus node dysfunction and atrial arrhythmias are still ill defined. SND
reflects the occurrence in the right atrium while the majority of triggers and substrate for
atrial fibrillation (AF) originates from the opposite side-left atrium.
The purpose of present article is to review the knowledge of ‘Sinus Node’ (SN) functioning.

Discovery:
While studying microscopic sections of a mole's heart during the hot waves of summer day
Martin Flack, a young medical student discovered the centre of the cardiac electricity
origin which was later named as SA Node. – "wonderful structure he had discovered in the
right auricle of the mole, just where the superior vena cava enters that chamber". He showed
this structure to his mentor Arthur Keith. Keith realised the resemblance of this structure with
that of the atrioventricular node , as described by Sunao Tawara in 1906. The term ‘the sinoauricular node’ was coined for the same. It was an excellent discovery in itself, which came
to light in 1907.
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Location:
At the junction of superior vena cava with the right atrium along the upper portion of the
sulcus terminalis – its proximal portion lies into the artial subepicardium and the distal
portion lies into the subendocardium.

Epicardium

Endocardium

SVC

SVC
SA Node

SA Node with
central SA node
artery

Fig. 1.1

Blood Supply:
The sinus node artery comes from the right coronary artery in about 55% cases and in the
remainder 45% from the left circumflex artery. The artery courses through the node and this
marks useful gross landmark for the localization of the sinus node.

Venous Drainage:
The Venules coming from the SA Node drain into the right atrium.

Histology:
Since SA Node is not the contractile tissue like atrium and ventricle, hence it lacks the
contractile assignment to its credit - it contains fewer mitochondria (the power plant), scanty
myofibers (the contractile machinery), and a smaller sarcoplasmic reticulum (a calcium
storage organelle that releases calcium). There are fewer gap junctions within the SA Node
and these are smaller in size.
In brief, the SA Node exhibits the following histrological findings :
SA node is composed of closely packed small round and
spindle shaped cells interconnected with each other by
GAP junctions. Only the spindle shaped cells exhibits the
typical pacemaker potential.
These cells are modified cardiac muscles having few
striations & indistinct border.
The SA node at the transitional zone with cells having
structures intermediate between that of the SA Node and
atrium.
These specialised myocytes lie in a fibrous matrix with
surrounding fatty insulation which prevents the depression
of pacemaker automaticity from the hyperpolarizing
electric load of the encircling atrial myocardium.
Nodal tissues are having the blood supply by a central
nodal artery.
Not a single nodal cell is always responsible for the
automaticity. There is a shift mechanism from one cell to
the other for the purpose of automaticity.

bv
Fig. 1.2
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SA Node and its Action Potential
Again to mention, the SA node exhibits automaticity – these tissues don't need of an external
trigger to undergo depolarization. This can be explained by the fact that resting potential of
nodal tissues is less negative compared to the RMP of auricular cells. Thus, this allows Na+
channels to be automatically activated in a slowly rising semi-curve manner during the
resting phase.
Its electrophysiology is summarised as below:
The spontaneous depolarization of the pacemaker potential during phase 4 imparts the SA
node its auto-rhythmicty , due to the presence of HCN gated channels (being activated by
low negative membrane potential , the movement of ions through these channels is known
as funny current).
The upstroke of the action potential phase 0 is created by an increase in Ca++ conductance.
Phase 1 and 2 are absent in the SA node action potential (here there is no question of
myocontraction).
Phase 3 of repolarization is caused by increase in K+ conductance, causing an outward
flow of K+ ions.

SA Node

Ca++

K+

Threshold
- 40
Na+
Fig. 1.3

The Phase 4 is not having true resting membrane potential (RMP) due to the fact that it shows
a continuous automatic activation in a slowly rising semi-curve manner throughout.
The main role of sinoatrial nodal cells is to initiate action potential of the heart, so that it can
be transmitted throughout the heart causing needed contraction. An action potential is a
change in voltage (membrane potential) across the cellular membrane, created so by the
movement of the charged ions , as illustrated above.
Action potentials pass from one nodal cell to the next through pores what are known as gap
junctions. These gap junction are built of protein called connexins. Already mentioned that
there are fewer gap junction within the SA Node. The action potentials so generated are
transmitted to the auricular cells which are next activated to cause atrial contraction.
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SA Node sending pacemaker potential to the atria (as illustrated above)
GAP TO GAP TRANSMISSION
Autorhythmic Slow Pacemaker Potential

Fast Action
Potential
Bachmann's
Bundle

SA Node Cells

Left Atrium

Right Atrium

AV Node

Fig. 1.4
Sinoatrial nodal cells function as electrically coupled oscillators that discharge
synchronously to give rise to pacemaker potentials. Sinoatrial rhythm originates in the
central portion of the SA node, spreading bidirectionally within the node itself. Then the
impulse reaches the atrial myocytes to be excited. The further spread within the atrial
myocytes happens due to the intervening intercalated discs present therein.
The three internodal bundles (anterior, intermediate and posterior) including the Bachmann
Bundle (the conductive channel from SA node to the left atrium) are not insulated by fibrous
sheaths – they do not have well defined origins and terminations as well. In normal
physiological condition the atrioventricular conduction makes the only pathway of impulse
conduction between atrial and ventricular myocardium.

The integrated Heart-Brain Neuro-Axis (Autonomic Nervous System)
The vagus nerve by acting on the SA node slows its conduction and modulates vagal tone by
liberating neurotransmitter acetylcholine ; it also downstream changes to ionic currents and
calcium of heart cells.

Baroreceptors and SA Node
A sudden increase in blood pressure stretches the baroreceptors located in the
carotid sinus and the aortic arch
increased firing in the vasomotor centre inhibiting
sympathetic drive and increasing vagal drive to the SA node with slowing of the heart
rate by the liberated acetylcholine to lower down the increased pressure.
During inhalation, the intra-thoracic pressure is lowered down due to the
contraction and downward movement of the diaphragm associated with the
expansion of the chest cavity. Atrial pressure is also lowered causing decreased blood
flow to the heart, baroreceptors are triggered to diminish vagal tone. This causes an
increase in heart rate. And vice versa is true during exhalation ( this is to be noted here
that this mechanism is responsible for 'respiratory sinus arrhythmia')
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Embryology of the SA Node including the conductive system of
the heart
3. Slow conducting system : Nodal system – SA node and AV node.
4. Fast conducting system : Bundle of His - Bundle branches and Purkinje system popularly known as ‘His-Purkinje System’.

1. SLOW CONDUCTING SYSTEM
This system is not insheathed by the fibrous covering, rather is in contact with atrial
myocardium by the intermediate intervening transitional zone.

Primitive ventricle
AV canal
Primitive atria

Artrial end
Sinus venosus

B

SA node
Right atrium
Venosus end

A

Fig. 1.5

C

A : - Embryonic pacemaker is at the venous (caudal) part of the heart tube.
B : - With the fusion of the tube it lies in the sinus venosus,
C : - With the incorporation of the Sinus Venosus into right atrium, SA node lies near the opening of
the SVC.
The AV node including the bundle of His is formed in the left wall of the Sinus Venosus , and in the
AV canal. After the sinus venosus is absorbed, AV node is near the interatrial septum and bundle of
His lies over the ventricular septum crest.

2. FAST CONDUCTING SYSTEM
D : - The fast conducting VCS system is insheathed by the fibrous covering and it exhibits some
aspects of the nodal phenoytpe characteristics – Poor contractile striations, fewer sarcomeres, more
glycogen storage with latent automaticity (Non-contractile conductive system).
E : - The bundle branches and the peripheral ventricular conduction system including the purkinje
fibers take origin from the Ventricular trabeculations.
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Concluding remark
Sinoatrial node is the pacemaker of the heart which exhibits automaticity with its firing rate
of 60-100 bpm. It would be easier to understand the concept of sinus node dysfunction and
related phenomenon in the light of anatomical and physiological aspect of SA node.

Suggested readings
1. Discovery of the Sinus node by Keith and Flack : on the centennial of their 1907
publication – Mark E Silverman and Arthur Hollman
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2000948/
2. Genesis of Cardiac Arrhythmias : Electrophysiologic considerations – Michael Rubart
and Douglas P. Zipes - Braunwald’s - HEART DISEASE – A Textbook of
Cardiovascular Medicine ( 9th Edition) P 653-659
3. Anatomy of Electrophysiology , Siwe Yen Ho/Anton E. Becker
HURT’S THE HEART (12th Edition) P 909-911
4. Cardiovascular Physiology –BRS Physiology , Linda S. Costanzo (Sixth Edition)
P 73-74
5. Short-Term Regulartion of Atrerial Blood Pressure , Guyton & Hall – Textbook of
MEDICAL PHYSIOLOGY (Second South Asia Edition) P 264-266
6. Cardiovascular System , Inderbir Singh’s – HUMAN EMBRYOLOGY (Eleventh
Edition) P 240

AV NODE – “KNOTTEN” OF SUNAO
TAWARA
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ECG
AV NODE – “KNOTTEN” OF SUNAO TAWARA
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

Key Contributions by
Sunao Tawara

The year 1906 when Sunao Tawara , a young Japanese anatomist at his
young age of 33 discovered the AV conduction system and he coined the
word ‘Knotten’ for this modern nomenclatured AV Node.
Tawara presented detailed photographic image to demonstrate his
research over the bovine conduction system.
Koso suma put forward the key findings of Tawara’s
contributions before the world , as illustrated below :
1. The AV node with a reticular pattern at the site from where the
atrioventricular conduction system takes its origin.
2. Precise running course of the right and left bundle.
3. Pointing towards the Purkinje fibers as the terminal
ramifications of the conduction system.
4. Histological review of each part of the conduction system.
5. Precise evaluation of the conduction velocity of the excitation
in the conduction system and of the concerned excitatory
process with the mode of contraction to the ventricles.
Lydia DeWitt’s 1909 3D wax reconstruction of the sino-ventricular
system in a calf heart elaborates in detail the architect of cardiac
conduction system. (consistent with Sunao Tawara)
The top oval whitish structure in this wax 3D reconstruction
module denotes AV Node adjoined with HIS bundle and its
bifurcation into its two branches – right bundle branch and left
bundle branch with further ramifications.

A brief sketch of cardiac conduction system has been illustrated
in the this sketch
AVN = Atrioventricular Node
HB = HIS Bundle
RBB / LBB = Right/Left bundle branch
PF = Purkinje Fibers

AV Node and its
neighbouring units : as
we view Today

His bundle
Tendon of
Todaro

Triangle of
Koch

AV node is a compact half oval mass (~ 1x3x5 mm) of specialised | 11
myogenic fibers, located at the lower back section of interatrial septum
at the apex of the triangle of the Koch,
This imaginary TRIANGLE is having its boundary,
1. the ostium of the coronary sinus posteriorly,
2. the tendon of todaro also posteriorly and
3. the septal leaflet of the tricuspid valve anteriorly as
illustrated in this sketch.
( Tendon of Todaro - Bundle of collagen fibers of variable
thickness that connects the wall of the right atrium and the
opening of the inferior vena cava.)
The atrioventricular node (AVN) is located at the apex of this
triangle

Dual pathway – Fast
pathway and Slow
pathway: the
background of its
scientific settings

AV node junction's myocytes are having some gap junctions along its
entire extent , known as intercalated discs having pores. These gap
junctions are constituted by hexameric protein structures that are formed
by connexions (Cx) and their conduction varies depending on the Cx
isomer.
Our current understanding of the 3D structure of the AVJ system is
based on the expression patterns of Cx isomer.
The anteriorly located AV tissue is the most excitable region
(anteriorly located) – Fast pathway.
The posteriorly located exhibiting Slow pathway.
In compact AV Node due to its compact heterogeneity , there is
somewhat net slowing of conduction through this.
The distinct dual pathways sometimes existing in AV Node in 1035% of normal people , as illustrated below provide a critical
substrate for AVNRT, its role in normal AV Node electrophysiology
is less clear.
.
Propagating impulse normally reaches the FP first and from there
conducted to the ventricles
Simultaneously FP turns around and goes upwards to the SP,
colliding with and annulating this slow conducting downgoing
signal.
In summary the anatomical and physiological properties of fast pathway
and slow pathway have been stated below in this tabular form :

Blood Supply to AV
Node
Left Circumflex
Right
coronary
artery

branch
AV Nodal
branch

AVN

Posterior
interventricular

From right coronary artery in majority of the cases (80-90%)
In remainder (10-20% cases) from the left circumflex artery
The supply to the AV Node depends upon coronary artery dominance.
Coronary artery dominancy is defined by the blood vessel which gives
rise to the posterior descending artery , which also supplies the AV
Node.
In majority of the cases right coronary artery is the dominant artery
supplying the AV Node, otherwise in the remainder cases the left
circumflex artery is the dominant one supplying the AV Node.

AV Node Control by
Autonomic Nervous
System

Under normal condition , the intrinsic site of AVN with 40-60 bpm

Basic Function of AV
Node

1. As a relay station of impulses from atria to the ventricles.

The vagal stimulation slows the phase 4 and phase 0 of the AV nodal
cell action potential. There is a rightward shifting of the action potential
resulting in somewhat more delay within AV Node with increased
refractoriness and the reverse is true with the sympathetic nervous
system stimulation.

2. A transient delay (0.09 sec) within the AV Node which allows the
atria to eject its blood into the ventricles before the ventricles
contract , possible due to its cellular and molecular heterogeneity (the
specialized myogenic cells are having less developed intercalated
discs with poor side branching and so it is having different
distribution of Cx isomers within this node).
3. It is a subsidiary pacemaker to save the life whenever there is a
need of its being operated , especially in the cases of suppression of
the prime pacemaker SA Node in cases of sick sinus syndrome.
4. Decremental conduction with the more frequency – the node
stimulated, the slower it conducts the impulses. The AV Node
possesses a long refractory period allowing it to block conduction to
the HIS purkinje system of the ventricles if there are excessive atrial
depolarization occurring as in some SVT with higher rate including
atrial fibrillation and atrial flutter.
5. Group beating – The sequence of gradual prolongation of PR
interval till one drop of P-QRS-T in periodic repetitive pattern – such
Grouped beating is an electrocardiographic characteristic of
Wenckebach conduction (Mobitz Type I)
6. Unique autonomic nervous system within AVN node adjusting the
fine tuning of the impulses passing through it.
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SYNOPSIS
CONTINUED

Diagnostic Algorithm of AV Block
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PR interval / P-QRS relationship

PR > 0.20 sec , with 1:1 AV
conduction
First degree AV block
(truly it is atrioventricular delay)

Gradual prolongation of PR interval till
one drop of P-QRS-T in periodic
repetitive pattern
Second degree AV block – Mobitz type I
(Wenckebach)

Constant PR prior to
Non-conducted P with variable or fixed
relationship (2:1 or 3:1 AV block)

Mobitz type II AV block
( + Bundle branch block)
Variable PR interval with constant,
regular P-P and R-R gap interval (rate
<40bpm) (P-P <R-R interval )
[Complete atrioventricular dissociation]
Third degree heart block (complete heart
block) with life saving infranodal escape
rhythm

AV conduction with >3:1 AV block , at
times completely free from AV block
giving passage to atrial activity with
normal PQRST complex
High degree AV block
(Advanced AV block)

Vagally mediated AV block :
Any type of AV block mediated by
heightened parasympathetic tone

NB :
By ECG criteria alone , it is very hard to say the site of AV block , whether AV nodal or infra
nodal. For the most part wide QRS complex suggests infranodal block and narrow QRS complex
indicates AV nodal block (though this criteria not reliable).

Atrioventricular node is very sensitive to the influence of the autonomic nervous system , the
His bundle much less so.
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Complete heart
block :
congenital and
acquired

Congenital CHB

Acquired CHB
QRS morphology is usually normal QRS morphology usually abnormal
but occasionally may be abnormal
Higher rate ranging between 50 to Slower heart rate between 20-40
60 bpm
beat/min
Under some autonomic control- Not under such autonomic control
slightly variable ventricular rate
with emotional upset and exercise
Common
Syncopal attacks are rare
Transient or permanent
Permanent congenital in nature

OUTLINE
Introduction
Key Contributions by Sunao Tawara
AV Node and its Neighbouring units: as we view Today
Dual Pathway – Fast Pathway and Slow Pathway: The Background of
its Scientific Settings
Blood Supply to AV Node
AV Node Control by Autonomic Nervous System
Basic Functions of AV Node
Supplemented with ECG Discussion with AV Nodal Disturbances as
outlined below :
1. AV nodal rhythm
2. Isolated disturbances
AV nodal (Junctional) escape beat/beats
Premature AV nodal (Junctional) complexes known as nodal
ectopics
3. Tachyarrhythmias
Dual pathway dependent – AVNRT
Enhanced intrinsic automaticity of AV node
- Accelerated AV nodal rhythm (usual rate is 70-80 bpm)
- Nonparoxysmal idionodal tachycardia (beyond 100 bmp)
JET (junctional ectopic tachycardia)
4. AV Block : First degree , Second degree and Third degree
Advanced or high degree AV block

Concluding Remark
Suggested Reading
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AV NODE – “KNOTTEN” OF SUNAO TAWARA
A Narrative Review
DR. D.P. KHAITAN
MD (MEDICINE) FCGP (IND) FIAMS (MEDICINE) FICP
O Comrade AV Node - thou open the doorway for passing the rays of life to charm the
heart with a new dawn. Thou hide the rays within thy bosom for a shortwhile – a fractioned
time granted to the heart before it enjoy its full thrilling of contraction.
Like the ozone shielding thou are the safeguard against the vibrants in excess coming from
above – thou intellectual functioning glides over such shuddering rays of motion. At times ,
thou are the Iron Dictator when the sunlit rays of the SA Node drop down , thy taking over
the charge governs the heart to sustain the life - by granting a slower but life saving pacing.
A wisemen salutes thou with the words of obligation.

Introduction
The medical science salutes with its non-ending obligation to Sunao Tawara who discovered
the atrioventricular node ‘AV node’ and the concept of an electrical system of the heart. It
was the year 1906 when Sunao Tawara (1873-1952), a young Japanese anatomist working
under Ludwig Aschoff in Marburg, a German physician and pathologist, published the
conduction system of the Mammalian Heart, narrating his 3-years long historical research.
Tawara’s discovery of the AV conduction system contributed the following two important
facts :
The prediction of the physiological role of the single conduction pathway by its
situation between the atria and the ventricles – described by him as ‘ stimulus
conduction system’.
Accepting assumption that, after slow conduction through AV Node, signals from the
atria could be delivered at a high conduction velocity via right and left bundle
branches synchronously to the different sites of the ventricles to achieve the eventual
effective pumping of the heart.
His very research of AV Node laid the foundation of the modern cardiology , including the
electrophysiological functioning of the heart. In his book, he coined the word ‘Knotten’
for this modern nomenclatured AV Node. His this historical work was completed
surprisingly at his young age of 33.
AV node coordinates with the top of the heart, electrically establishing an electrical
connection in between the atria and the ventricles. A direct transmission of impulse from SA
Node to the ventricles is not possible due to the absence of continuity of muscle mass
between the atria and the ventricles and the presence of an insulating fibrous connective
tissue at the atrioventricular junction. The interposition of AV Node facilitates the continuity
in between the atria and the ventricles.
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Key contributions by Sunao Tawara
Koso suma put forward the key findings of Tawara’s contributions before the world , as
illustrated below :
1. The AV node with a reticular pattern at the site from where the atrioventricular
conduction system takes its origin.
2. Precise running course of the right and left bundle.
3. Pointing towards the Purkinje fibers as the terminal ramifications of the conduction
system.
4. Histological review of each part of the conduction system.
5. Precise evaluation of the conduction velocity of the excitation in the conduction
system and of the concerned excitatory process with the mode of contraction to the
ventricles.
Tawara presented detailed photographic image to demonstrate his research over the bovine
conduction system.
Lydia DeWitt’s 1909 3D wax reconstruction of the sino-ventricular system in a calf heart
elaborates in detail the architect of cardiac conduction system , as illustrated below.

AVN
HB
RBB

LBB
PF

PF
PF (Purkinje fibers)
The top oval whitish structure in this wax 3D
reconstruction module denotes AV Node
:
adjoined with HIS bundle and its bifurcation
into its two branches – right bundle branch
and left bundle branch with further
ramifications.
Fig. 1.1

A brief sketch of cardiac conduction system
has been illustrated in the above sketch
AVN = Atrioventricular Node
HB = HIS Bundle
RBB / LBB = Right/Left bundle branch
PF = Purkinje Fibers
Fig. 1.2
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AV Node and its neighbouring units : as we view Today
AV node is a compact half oval mass (~ 1x3x5 mm) of specialised myogenic fibers, located
at the lower back section of interatrial septum at the apex of the triangle of the Koch, as
illustrated below within the sketch.
There had been numerous advances in knowledge regarding anatomy and physiology of the
AVN but there are still several networks of controversies that need to be evaluated on the
background of the scientific settings.
The AV node and its entire neighbouring structures can be mapped out as below:
AV node
- Compact AV node itself
- Transitional cell zone that surrounds the compact AV node
HIS bundle (penetrating AV bundle) It penetrates the membranous ventricular septum
to give rise to the distal conduction system.
Dual pathway – Fast pathway (FP) and slow pathway (SP) in 10-35% of normal
people.
Differential conduction velocity between the fast pathway (anteriorly situated) and
slow pathway (posteriorly situated), have been identified providing the substrate for
AV nodal re-entry. The persons who are born with these two pathways are more
prone to AVNRT.

Triangle of Koch within dotted lines

KOCH TRIANGLE was named after the German
cardiologist and pathologist Walter Karl Koch.
LOCATION:
the
superficial
endocardium of the right ventricle.

paraseptal

This imaginary TRIANGLE is having its boundary,
1. the ostium of the coronary sinus posteriorly,
2. the tendon of todaro also posteriorly and
3. the septal leaflet of the tricuspid valve
anteriorly as illustrated in this sketch.
( Tendon of Todaro - Bundle of collagen fibers of
variable thickness that connects the wall of the
right atrium and the opening of the inferior vena
cava.)
The atrioventricular node (AVN) is located at the
apex of this triangle

Fig. 1.3
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Dual pathway – Fast pathway and Slow pathway: the background
of its scientific settings
Recently the structural heterogeneity of the AV Node junction with its surrounding units have
been shown to have the double compartment optical action potential (slow and fast
conduction velocity)..
The myocytes are having some gap junctions along its entire extent , known as intercalated
discs having pores which connect neighbouring myocytes to allow electrochemical
communication between them. These gap junctions are constituted by hexameric protein
structures that are formed by connexions (Cx) and their conduction varies depending on the
Cx isomer.
Our current understanding of the 3D structure of the AVJ system is based on the expression
patterns of Cx isomer –
The anteriorly located AV tissue is the most excitable region (anteriorly located) –
Fast pathway
The posteriorly located exhibiting Slow pathway.
In compact AV Node due to its compact heterogeneity , there is somewhat net slowing of
conduction through this.
Atria

FP

SP

Fig. 1.4

Normally with dual pathway
Propagating impulse reaches the FP first and from
there conducted to the ventricles
Simultaneously FP turns around and goes upwards to
the SP, colliding with and annulating this slow
conducting downgoing signal.

HIS Bundle

The distinct dual pathways sometimes existing in AV Node in 10-35% of normal people , as
illustrated below provide a critical substrate for AVNRT, its role in normal AV Node
electrophysiology is less clear. But it is likely the fact that the fast pathway carries the
impulse during normal sinus rhythm.
In summary the anatomical and physiological properties of fast pathway and slow pathway
have been illustrated below in this tabular form :

Morphology
Conduction Velocity
(CV)
Refractoriness

FP
Longer cells of larger diameter

SP
Shorter cells of smaller diameter

Faster

Slower

Longer refractory period

Shorter refractory period
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Blood supply to AV node
Through Atrioventricular Nodal branch
-

From right coronary artery in majority of the cases (80-90%)
In remainder (10-20% cases) from the left circumflex artery

Left Circumflex
branch

Right coronary
artery
AVN

AV Nodal branch

Posterior
interventricular

Fig. 1.5
The supply to the AV Node depends upon coronary artery dominance. Coronary artery
dominancy is defined by the blood vessel which gives rise to the posterior descending artery ,
which also supplies the AV Node.
In majority of the cases right coronary artery is the dominant artery supplying the AV Node,
otherwise in the remainder cases the left circumflex artery is the dominant one supplying the
AV Node.

AV Node control by Autonomic nervous system

Effects of Parasympathetic (Vagal) and Sympathetic Nerve
Activation on AV Nodal Action Potentials

Parasympathetic (Vagal)
AVN
Sympathetic
Sympathetic

Vagal
0

Fig. 1.6

---- AV Cell action
potential

4

Phase 4 = Na+ dependent
Phase 0 = Ca++ dependent
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Detailing of the Autonomic control over AVN
The AVN is under very tight autonomic control which can modulate its conduction
and pacemaking properties.
The vagal stimulation slows the phase 4 and phase 0 of the AV nodal cell action
potentials. There is a rightward shifting of the action potential resulting in somewhat
more delay within AV Node with increased refractoriness and the reverse is true with
the sympathetic nervous system stimulation.
Stimulation of discrete intracardiac sympathetic nerves to the AV node increases the
heart rate or decreases AV conduction time.
Under normal condition , the intrinsic site of AVN with 40-60 bpm lies at the
proximal HIS bundle. On sympathetic stimulation , there is a shift of its intrinsic AVN
pacemaker site to the region of compact nodal system. This could be the result of the
heterogeneous -adrenoreceptors. Similarly on parasympathetic stimulation the
leading pacemaker site is shifted to the transitional cellular area around the AV Node.

Basic functions of AV node
Based on the previous discussion AV Node is equipped with unique qualities and
due to these unique qualities AV Node is considered to have the credit of a master
controller of the cardiac conduction system.
1) As a relay station of impulses from atria to the ventricles.
2) A transient delay (0.09 sec) within the AV Node which allows the atria to eject its
blood into the ventricles before the ventricles contracts , possible due to its cellular
and molecular heterogeneity (the specialized myogenic cells are having less
developed intercalated discs with poor side branching and it is also having Cx43
negative region – already explained earlier).
3) It is a subsidiary pacemaker to save the life whenever there is a need of its being
operated , especially in the cases of the suppression of the prime pacemaker SA Node
in cases of sick sinus syndrome.
4) Decremental conduction with the more frequency – the node stimulated, the slower
it conducts the impulses. The AV Node possesses a long refractory period allowing it
to block conduction to the HIS purkinje system of the ventricles if there are excessive
atrial depolarization occurring as in some SVT with higher rate including atrial
fibrillation and atrial flutter.
5) Group beating – The sequence of gradual prolongation of PR interval one drop of
P-QRS-T in periodic repetitive pattern – such Grouped beating is an
electrocardiographic characteristic of Wenckebach conduction (Mobitz Type I)
6) Unique autonomic nervous system within AVN node adjusting the fine tuning of the
impulses passing through it.
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Supplemented with ECG discussion with AV nodal distrubances ,
as outlined below :

Classification : AV nodal disturbances classification
1. AV nodal rhythm
2. Isolated disturbances
AV nodal (Junctional) escape beat/beats
Premature AV nodal (Junctional) complexes known as nodal ectopics
3. Tachyarrhythmias
Dual pathway dependent – AVNRT
Enhanced intrinsic automaticity of AV node
- Accelerated AV nodal rhythm (usual rate is 70-80 bpm)
- Nonparoxysmal idionodal tachycardia (beyond 100 bmp)
JET (junctional ectopic tachycardia)
4. AV Block
AV block : First degree , Second degree and Third degree
Advanced or high degree AV block
Table I
The following points are to be considered here –

- AV Node is always ready to function as a subsidiary pacemaker at the time of
emergency , either as a AV Nodal rhythm or as a AV Nodal (junctional) escape
beat/beats.

- Due to the enhanced intrinsic automaticity of the AV Node (in or near to HIS bundle)
there may be Acelerated AV nodal rhytm or Nonparoxysmal idionodal tachycardia.

- Like elsewhere AV Node may also be the site of nodal ectopics.
- These junctional ectopics may be in isolated beat/beats but in some cases of ectopics ,
as in JET it assumes as junctional ectopics tachycardia (it is very uncommon in
clinical practice).

- Dual pathway dependent AVNRT (Slow pathway / Fast pathway).
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BASIS OF AV NODAL BEAT CONDUCTION

`

A
P'
P'
aVR

aVL

III

Fig. 1.7

P'

P'

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

II

aVF

A>V

P'

B

aVR

aVL

III

aVF

A=V

Simultaneously synchronised conduction
to both the atrium and ventricle - with no P
seen on either side , rather buried within
QRS complex

II

Fig. 1.8

C
P'

P'

SAN

aVR

aVL

V>A
III

Fig. 1.9

P'

aVF

P'

II

P'

AV nodal beat with earlier antegrade
conduction to the ventricle , followed by
the retrograde conduction to the atrium
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Basic AV Nodal Rhythm

P’

Note : inverted P follows QRS in leads II,
III, aVF and P is upright in aVR. The nodal
discharge rate is 50/min

AV NODAL RHYTHM

Source: Dr. Khaitan's Clinic

Fig. 2.0

AV nodal rhythm is usually secondary to failure of sinus discharge for sometimes, hence, is
a secondary phenomenon rather than a primary rhythm disorder.

AV nodal (junctional) escape beat/beats

II

Fig. 2.1

Source: CME INDIA (Dec. 9, 2019) by Dr. P.G SARKAR, DM (Cardio) only lead II taken)

Ventricular rate approx 44/min with preceding sinus QRS complex followed by junctional
beat ( normal P-P cycle is not present on this ECG).
Most probably – Sinus bradycardia with junctional escape / or ? sinus pause.

Premature AV nodal (Junctional) complexes known as nodal ectopy

II

Sinus beat is followed by AV nodal ( junctional ) ectopy in bigemmni pattern

Fig. 2.2
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Enhanced intrinsic automaticity of the AV node
- Accelerated AV nodal rhythm (usual rate is 70-80 bpm)
- Nonparoxysmal idionodal tachycardia (beyond 100 bpm)
Fig. 2.3

II

The heart rate = 115/min (indicative of low atrial tachycardia or Nonparoxysmal idionodal
tachycardia)

Please Keep in mind : The accelerated AV nodal rhythm and Nonparoxysmal idionodal
tachycardia present electrocardiographically in a similar pattern , with the same mode of
initiation and termination. The only difference lies in the heart rate, as mentioned below :

- Accelerated AV nodal rhythm (usual rate is 70-80 bpm)
- Nonparoxysmal idionodal tachycardia (beyond 100 bmp)
(Some authorities consider them as one rather than separate entities.)

Table II
JET (junctional ectopic tachycardia)
- There is an ectopic focus near the AV node in the triangle of Koch; the cause
being manipulation of the surrounding tissue nearby AV node during surgery; it
may also be seen as its congenital form in the first six months of life.
- It is a very rare in practice (no ECG illustrating JET is available at present to be
demonstrated)
- Narrow complex tachycardia with the heart rate 170-260 bpm usually with 1:1
relationship between atria and ventricular activity with a short PR interval or
atrioventricular dissociation with slower atrial than ventricular rate if the AV
node is unable to conduct retrogradely from the ventricles to the atria
- 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.
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Source : CME. INDIA, dated 30 Aug. 2019, Sent by Dr. P.G SARKAR DM (cardio)

ECG showing low atrial tachycardia (originating near coronary sinus) : Heart rate is approx.
200 bpm regular with inverted P (prior to QRS complex) in inferior leads with short PR
interval and upward P over aVL and aVR.
Fig. 2.4
JET (Junctional ectopic tachycardia)

Low atrial tachycardia

(i) It is due to automatic extrasystolic focal
nodal discharge
(ii) Very uncommon SVT

Micro re-entry
Common SVT

Table III
The ECG of both may simulate with each other. Unless and until there is a prior history of
cardiac surgery , one should not dare to diagnose JET on ECG. Low atrial tachycardia is
commoner compared to JET. The commoner condition should be accepted as a first diagnosis
unless and until this is disapproved. Sometime there is need to differentiate in between them
by detailed electrophysiological studies

Atrioventricular Block
Associated with atrioventricular nodal conduction disturbance
First degree AV block: prolongation of PR interval beyond 200 ms at normal
heart rate in an adult
By increased vagal tone or pathological defect in AV node

First degree AV block

Second degree AV block: periodic drops out P-QRS-T during AV conduction
Second degree – Mobitz type I
Mobitz type I (Wenckebach) a progressive delay in AV conduction
with successive atrial impulses until an impulse drops to be conducted.
It is having more benign course unlikely to progress to complete heart
block.
Findings on ECG
- Progressive prolongation of the P-R interval of each successive
beat before the dropped beat with subsequent repetition of the
cycle.
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Second degree – Mobitz type II

Third degree – AV block

Mobitz type II block: abrupt AV conduction block of atrial impulses
without prior progressive conduction delay
Findings on ECG
- Usually a fixed number of non-conducted P waves with constant
PR interval , every successfully conducted P wave is having no
pattern or fixed relationship (e.g. 2:1 or 3:1 AV block). If
associated with a bundle branch block it may progress to
complete heart block.
Third degree AV block (complete heart block): is
said to be present when all the atrial impulses fail to
pass through AV node with complete atrioventricular
dissociation (independent atrial and ventricular rates.
Here the atrial rate is higher than ventricular rate). The
perfusing rhythm is maintained by escape mechanism
that can occur anywhere from AVN to the bundle
branch Purkinje system (infranodal block is said to be
present when the escape rhythm is distal to the AV
node).
Congenital CHB

Table IV

Acquired CHB
QRS morphology is usually normal QRS morphology usually abnormal
but occasionally may be abnormal
Higher rate ranging between 50 to Slower heart rate between 20-40
60 bpm
beat/min
Under some autonomic control- No under such autonomic control
slightly variable ventricular rate
with emotional upset and exercise
Common
Sincopal attacks are rare
Transient or permanent
Permanent congenital in nature

Congenital complete heart block might be associated with high mortality and morbidity and
hence, requires a high index of suspicion for early diagnosis and aggressive therapy whenever
indicated
High grade AV block (Advanced AV block): Second degree heart block with a P :QRS
ratio of 3:1 or higher producing an extremely slow ventricular rate and unlike third
degree heart block , however, intermittently some sinus beats (P waves) are randomly
conducted to the ventricles.
In Nutshell > two consecutive P waves at a constant rate that do not conduct to the
ventricles with evidence for some atrioventricular conduction.

Concluding remark
AV Node with its subunits as described above forms a structural and functional unique
entity. Its heterogeneity concerned with its anatomical and physiological functioning
imparts an unique quality of transient delay within the node. The subsidiary pacing
nature of AV node works as backup support at the time of failure of the functioning of
SA Node. The proper understanding of AV node would imparts a concept to interpret the
AV nodal disturbances on concerned ECGs.
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ECG
KOCH’S TRIANGLE – ITS CLINICAL IMPLICATION
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

Koch’s Triangle - planted within the right atrium, is the anatomical
gateway for electrophysiologists.

The Koch's Triangle

It was named after the German cardiologist and pathologist Walter Karl
Koch.
Location: the superficial paraseptal endocardium of the right ventricle.

Koch’s Triangle

Apex at atrioventricular node (AVN)
Central fibrous body
HIS bundle
FO
Tendon of
Todaro

AVN
Triangle of Koch
CS

Clinical Implication of
the Koch's Triangle

Boundaries
1. Tendon of Todaro (subendocardial ridge : Bundle of collagen
fibers) with superior tract
2. Annulus of tricuspid valve with inferior tract.
3. Coronary sinus ostium (base) posteriorly located
As an anatomical landmark for localizing the AV node during
electrophysiological procedures
Two important tracks, fast pathway and slow pathway –
Some fast pathway tract fibers running along the tendon of todaro to
the compact AVN forming the superior tract of the Koch’s triangle
while the lower fibers – slow fibers running along the septal leaflet of
the tricuspid valve to the compact AVN node. These fibers are also
present within AV node in 10-15% of normal people. This concept is
essential to understand the mechanism of AVNRT (atrioventricular
nodal reentry tachycardia)
Neighbouring structure ‘Cavo-tricuspid Isthmus’ is involved in
macro-entry mechanism of atrial flutter.

Dual Pathway Concept
(Fast Pathway and Slow
Pathway)
Normally in such cases Propagating impulse reaches the FP first
and from there conducted to the ventricles.
Simultaneously FP turns around and goes upwards to the SP,
colliding with and annulating this slow conducting downgoing
signal.
Normally the surface ECG only inscribes sinus
rhythm with a normal PR interval without
registering slow pathway.

AVNRT Explained On
the Basis of Dual
Pathway

Basis :
A Premature atrial complex (PAC) is an essential requisite for
the dual pathways to be operated – there is a progressive and
gradual prolongation of nodal conduction time with increased
prematurity of atrial complex –
(A) FP with longer refractory period remains in a refractory state
with conduction over the SP having shorter refractive period.
(B) On the recovery of the fast pathway, with subsequent
retrograde conduction along the FP and thus the cycle gets repeated
over the FP and SP to induce AVNRT.
Typical AVNRT – Slow-Fast type is the commonest (>80%)

Ventricular
complex on ECG

Sometime P wave after the Ventricular
Complex – as “Pseudo s” in lead II and
“Pseudo r” in Lead V1/V3R

Pseudo s in
Lead II

Lead II
Pseudo r in
Lead V1 and
V3R

Neighbouring
Cavotricuspid Isthmus :
As the mechanism of
Atrial Flutter

Cavotricuspid isthmus line

SVC

AVN

FO
CS

IVC

TVA

Cavotricuspid isthmus line
IVC = inferior vena cava, TVA = Tricuspid valve,
AVN = AV node

CS = Coronary sinus ,

FO = Fossa ovalis, SVC = Superior vena cava

In some cases , Short RP tachycardia
(instead of P wave peeping through the distal
base of the QRS , there is a short isoelectric
before inscribing the P wave with RP<50%
of RR interval – known as short RP interval)

MECHANISM:
Atrial flutter is most commonly initiated by a premature atrial beat.
There is a bigger circular ring of re-entry for the electrical impulse
propagation – the upper half of the right atrium is connected to the
lower half forming a complete circle for the macro-reentry. The
adjoining ring in between the inferior vena cava to the corresponding
tricuspid valve annulus forms the lower half of the circle known as
Cavotricuspid Isthmus. The upper half of the macro-reentry circuit
joins this cavotricuspid isthmus to form a continuous macro-reentry
circuit.
CLASSIFICATION
1. Counterclockwise rotation: This is the most common variety. Since
during its counterclockwise journey, impulses pass away from the AVN
upwards towards the interatrial septum and so the recording of waves
are predominantly negative in inferior leads – II, III, aVF and positive
in V1.
2. Clockwise rotation: 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 predominantly
negative in V1.
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OUTLINE
Introduction
The Koch's Triangle
Clinical Implication of the Koch's Triangle
Dual Pathway Concept (Fast Pathway and Slow Pathway)
AVNRT Explained on The Basis of Dual Pathway
Neighbouring Cavotricuspid Isthmus : As the Mechanism of Atrial
Flutter
Concluding Remark
Suggested Reading
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Koch’s Triangle – Its Clinical Implication
A Narrative Review
DR. D.P. KHAITAN
MD (MEDICINE) FCGP (IND) FIAMS (MEDICINE) FICP
Koch’s Triangle - planted within the right atrium, is the anatomical gateway for
electrophysiologists, the knowledge of which is essential for electrophysiological procedures.
It is the adventurous journey of electrophysiologists relinquishing the heart from the burning
burden of some arrhythmias – the most beautifiul crafting over the woodland of heart and a new
life is gifted with the grandiose touch of smiling. Salutation to their tender journey with warm
kissing to the heart.

Introduction
Koch’s triangle is the anatomical gateway, it is not being stranger to the electrophysiologists, and
this is being garlanded by the arms of certain anatomical landmarks, as illustrated below. The very
important structure lying at the apex of the triangle is the AV node – insulting its integrity might
even lead to complete heart block. This important triangular landmark is located over the superficial
paraseptal endocardium of the right atrium.
Apart from the AV node location at the apex of the triangle, some important fibers – namely fast
pathway fibers and slow pathway fibers also run through the superior and inferior tracts of the
triangle respectively - classification based on isoforms of different connexins over gap junction.
These fibers are also present within AV Node in 10-15% of normal people and its understanding
is very essential to have the concept of AVNRT (atrioventricular nodal reentry
tachycardia). The neighbouring standing ‘Cavotricuspid Isthmus’ would also be
covered here - the substrate of atrial flutter.

The Koch’s Triangle
Koch’s Triangle

It was named after the German cardiologist and
pathologist Walter Karl Koch.
Location: the superficial paraseptal endocardium
of the right ventricle.
Apex at atrioventricular node (AVN)
Boundaries

TVA

Fig. 1.1

1. Tendon of Todaro (subendocardial ridge) with
superior tract
2. Annulus of tricuspid valve with inferior tract.
3. Coronary sinus ostium (base) posteriorly
located
( Tendon of Todaro - Bundle of collagen fibers of
variable thickness that connects the wall of the
right atrium and the opening of the inferior vena
cava.)
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Clinical implication of the Koch’s Triangle :

Clinical implication of the Koch’s Triangle
It is anatomically significant because the AV node is located at the apex of this triangle
As an anatomical landmark for localizing the AV node during electrophysiological procedures.
Two important tracks, fast pathway and slow pathway –
Some fast pathway tract fibers running along the tendon of todaro to the compact AVN forming the
superior tract of the Koch’s triangle while the lower fibers – slow fibers running along the septal
leaflet of the tricuspid valve to the compact AVN node. These fibers are also present within
AV node in 10-15% of normal people. This concept is essential to understand the mechanism of
AVNRT (atrioventricular nodal reentry tachycardia)
Fast pathway fibers = longer cells of larger diameter with faster conduction velocity with longer
refractory period.
Smaller pathway fibers = smaller cells of smaller diameter with slower conduction velocity with
shorter refractory period.
Neighbouring structure ‘Cavo-tricuspid Isthmus’ is involved in macro-entry mechanism of atrial
flutter.

Dual pathway concept (Fast pathway and Slow pathway )
Atria

FP

SP

AVN

Fig. 1.2

HIS Bundle

Dual Pathways (FP and SP) of electrical wave front
propagation between the atria and HIS bundle present in
10-15% of normal people
Normally in such cases Propagating impulse reaches the
FP first and from there conducted to the ventricles.
Simultaneously FP turns around and goes upwards to the
SP, colliding with and annulating this slow conducting
downgoing signal.
Normally the surface ECG only
inscribes sinus rhythm with a normal
PR interval without registering slow
pathway.
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AVNRT explained on the basis of dual pathway
Basis :
A Premature atrial complex (PAC) is an essential requisite for the dual pathways to be operated
– there is a progressive and gradual prolongation of nodal conduction time with increased
prematurity of atrial complex –
(A) FP with longer refractory period remains in a refractory state with conduction over the SP
having shorter refractive period.
(B) On the recovery of the fast pathway, with subsequent retrograde conduction along the FP
and thus the cycle gets repeated over the FP and SP to induce AVNRT, as illustrated below.
Atrial PAC

Atria

FP

SP

FP

AVN

FP

SP

AVN

HIS Bundle

AVN

HIS Bundle

Normally in such cases
Propagating
impulse
reaches the FP first and
from there conducted to
the ventricles
Simultaneously FP turns
around and goes upwards
to the SP, colliding with
and annulating this slow
conducting
downgoing
signal.

Fig. 1.3

(A)

Atrial activity gets inscribed as
demonstrated in figure 1.4

HIS Bundle

(B)

Typical
TypicalAVNRT
AVNRT––slow-fast
slow-fasttype
type is
is the
the commonest
commonest (>80%)
(>80%)

Mostly P wave is hidden
within the QRS complex

Fig. 1.4

Lead V1/V3R

In some cases , Short RP tachycardia (instead
of P wave peeping through the distal base of
the QRS , there is a short isoelectric before
inscribing the P wave with RP<50% of RR
interval – known as short RP interval)
Pseudo r ’

Pseudo S

Source by courtesy– CMC India . Dr. Jugal Kishor Sharma on Oct 09, 2019

Fig. 1.5

Retrograde atrial
SP activation

(A discussed case of AVNRT)

| 34

Neighbouring cavotricuspid isthmus: as the mechanism of atrial
flutter
Part of Right Atrium
Cavotricuspid isthmus is situated
along a speculated line over the lower
part of the right atrium, in between
the inferior vena cava and tricuspid
valve annulus , favouring the
perpetuation of a re-entrant circle of
atrial flutter.
There is marked difference in this
muscular line in between individuals
due to non-uniform wall thickness
and muscle fibers orientation.
Cavotricuspid isthmus line

Fig. 1.6

SVC

FO

AVN

CS
IVC

TVA

From HIS purkinje system
to the ventricles
Cavotricuspid isthmus line

Atrial flutter

Fig. 1.7

IVC = inferior vena cava, TVA = Tricuspid valve, AVN = AV node CS = Coronary sinus ,
FO = Fossa ovalis, SVC = Superior vena cava
MECHANISM:
Atrial flutter is most commonly initiated by a premature atrial beat. There is a bigger circular
ring of re-entry for the electrical impulse propagation – the upper half of the right atrium is
connected to the lower half forming a complete circle for the macro-reentry. The adjoining
ring in between the inferior vena cava to the corresponding tricuspid valve annulus forms the
lower half of the circle known as Cavotricuspid Isthmus. The upper half of the macro-reentry circuit joins this cavotricuspid isthmus to form a continuous macro-reentry circuit, as
illustrated by the above sketch.
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CLASSIFICATION
ISTHMUS DEPENDENT TYPICAL ATRIAL FLUTTER
Depending upon the direction of the impulse propagation this macro-reentry is divided into
two types:
1.

2.

Counterclockwise rotation: This is the most common variety. Since during its
counterclockwise journey, impulses pass away from the AVN upwards towards the interatrial
septum and so the recording of waves are predominantly negative in inferior leads – II, III,
aVF and positive in V1.
Clockwise rotation: 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
predominantly negative in V1.

Concluding remark
There are certain important conduction fibers situated over the base of the right atrium–
namely fast fibers and slow fibers and also within AV node in 10-15% of the normal persons
(important in the mechanism of AVNRT). Transcatheter ablation for chronic recurrent
AVNRT is the adopted procedure targeting the lesions at the inferior or mid part of the
Koch’s triangle , consisting of slow pathway fibers with a success rates 93-98% .
Cavotricuspid isthmus is the target of ablation in typical atrial flutter. These conducting fibers
are variable in its thickness, architecture and geometric orientation.

Suggested reading
1. GRAY’S ANATOMY For Students (First South Asia Edition) , Koch’s Traingle
on P 213 (Flowchart 3. 2B. Interartial septum)
2. At the Atrioventricular Crossroads : Dual Pathway Electrophysiology in the
Antrioventricular Node and its Underlying Heterogeneities – Sharon A George, N
Rokhaya Faye and Igor R Efimov
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5739891/
3. GOLDBERGER’S CLINICAL ELECTROCARDIOGRAPHY – First SouthAsia
Edition – Page – 137,138,144,146
4. Cavotricuspid Isthmus : Anatomy and Electrophysiology Features : Its Evaluation
before Radiofrequency Ablation – D. Sanchez-Quintana, J.A. Cabrera – From Website
https://link.springer.com/chapter/10.1007/978-3-319-00846-2_462
5. Triangle of Koch | Atlas of Human Cardiac Anatomy – Visible Heart Lab- From
http://www.vhlab.umn.edu/atlas/right-atrium/triangle-of-koch/index.shtml

SICK SINUS SYNDROME
(Nowadays Designated As ‘ Structural
Nodal Disease’)
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ECG
SICK SINUS SYNDROME
(Nowadays Designated As ‘Structural Nodal Disease’)
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

A broad spectrum sway of abnormalities
SA Node : pacemaker cells (P-cells) or the perinodal cells (T-cells)
dysfunction or both in the genesis and the transmission of impulse
to the surrounding atrial mass,
Atrial tachyarrhythmias
AV nodal and its accompanying appendages
escape beat or rhythm in the atrium, AV Junction or ventricular
myocardium

SA Node

Natural History
Causes
'I' as a mnemonics
(This includes the diseases
due to structural changes)

o

P Cells : coupled electrical oscillators – discharge synchronously by
its automaticity

o

T Cells (Perinodal Transitional cells) : prevents the depression of
the pacemaker automaticity from the hyperpolarizing electric load
of the surrounding atrial myocytes and so it works as protective
gate.

quite variable and unpredictable in the way pacemaker cells and
transitional cells behave.
Idiopathic (usually fibrotic SA node)
Ischemic heart disease
Involved with
primary non-ischemic cardiomyopathy
secondary cardiomyopathy connective tissue disorders, myxedema, hemochromatosis,
amyloidosis, metastatic tumor, neurological disorder –
muscular dystrophy and friedreich's ataxia
Indwelling with hypertensive heart disease
Inflammatory diseases – rheumatic heart disease and acute
myocarditis
Include mitral valve prolapse and congenital heart disease as
causative factors
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Mechanism Based
Classification

A Practical Approach to
Sick Sinus Syndrome on
ECG

A marked bradycardiac response line on ECG raises a strong suspicion of
sick sinus syndrome which may be either inappropriate sinus bradycardia or
sinus pause/sinus arrest.
□ To visulalise P-QRST on either side of this prolonged isoelectric
line.
o If sinus P wave on the either side it is sinus bradycardia
o If post sinus complex on ECG belongs to a junctional escape,
it may be sinus pause/sinus arrest
o If the pause with a arithmetical relationship with the duration
of P-P cycle on the concerned ECG, It is the SA exit block.
□ To notice the presence of atrial arrhythmias if any, the commonest
being atrial fibrillation.
□ Bradycaridia-tachycardia syndrome : This is suspected if following
the termination of a paroxysm of supraventricular tachycardia (e.g.
atrial flutter , fibrillation or atrial tachycardia , singly or in
combination) , is followed by an unexpected slow bradycardia. The
tachyarrhythmic manifestation may ultimately lead to a established
chronic atrial fibrillation (The tachycardia may be associated with
suppression of sinus node automaticity and a sinus pause of variable
duration when tachycardia terminates)
□ AV nodal dysfunction (AV block)

Localization of the Site of
AV Block

By ECG criteria alone , it is very hard to say the site of AV block ,
whether AV nodal or infra nodal. For the most part wide QRS
complex suggests infranodal block and narrow QRS complex
indicates AV nodal block (though this criteria not reliable).
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Algorithm For Suspected
Sinus Node Dysfunction

Concluding Remark

A methodical Approach To The Diagnosis Of Structural Nodal Disease
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OUTLINE

Introduction
SA Node Unit and Its Immediate Surroundings
Mechanism of SA Node Dysfunction
Natural History
Causes
Risks Occurrence
Mechanism Based Classification with Some Illustration
A Practical Approach to Sick Sinus Syndrome On ECG
Diagnostic Algorithm of AV Block
Algorithm For Suspected Sinus Node Dysfunction
Concluding Remark
Interesting ECG Related to Sick Sinus Syndrome
Further Reading Suggested
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Sick Sinus Syndrome
(Nowadays designated as ‘Structural Nodal Disease’)
A Narrative Review

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

O SA NODE, the ever-wakeful flame in the house of Heart, thou strength is awakened by
kindling the pacemaker cells within thyself and the heart fronts the Dawn by its luminous
spark; the flame of mightiness travels down by crossing the perinodal outskirting –
expanding thou lusturous flow with the advancing steps through the conducting path and so
imparting the rainbow ecstacy of thou strength throughout.

Introduction
It refers to a broad spectrum sway of abnormailites in sinoatrial node unit – either as a
result of pacemaker cells (P-cells) or the perinodal cells (T-cells) dysfunction or both in the
genesis and the transmission of impulse to the surrounding atrial mass, and also the AV nodal
and its accompanying appendages might be involved in this sickness. This whole spectrum
is nowadays known as 'Structural Nodal Disease'. This might be associated with atrial
dysfunction (as tachyarrhythmias). To save the life the nodal dysfunction may be
accompanied by subsidiary escape beat or rhythm in the atrium, AV Junction or ventricular
myocardium.

SA Node Unit and Its immediate surroundings

The SA node unit consists of the followings:P (Pacemaker) cells
Perinodal T (Transitional) cells

The immediate surrounding is the atrial mass.
Subsidiary pacemaker – AV node with its
appendages.
(Embryologically SA Node and AV node both belong to
slow conductive system)

SA Node is an elliptical structure lying at SVC/RA Junction, consisting of pacemaker ‘P’
Cells (genesis of impulses) and transitional - ‘T’cells (transmitting the impulses to the atria).
The SA Node is mainly under the influence of Vagus nerve and increase in vagal tone slows
the heart rate ; a decrease in vagal tone accelerates the heart rate.
P cells being present in the central portion of the SA Node function as
coupled electrical oscillators – discharge synchronously by its automaticity to give rise
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to the pacemaker potential. Not a single nodal cell is always responsible for the
automaticity. There is a shift mechanism from one cell to the other for the purpose
of automaticity.
T cells are the outer encircling layer of transitional zone. There is indistinct
boundary in between transitional group of cells and atrial tissue. These transitional cells are
having structures – intermediate in between SA Node and the Atrium. These specialised
transitional cells lie in the fibrous matrix with surrounding fatty insulation which prevents the
depression of the pacemaker automaticity from the hyperpolarizing electric load of the
surrounding atrial myocytes and so it works as protective gate.

Mechanism of SA Node dysfunction
The following consideration should be taken into account:
Sinus Node Dysfunction results from the abnormal automaticity, conduction, or both.
This may be due to the encroaching pathology, such as fibrosis, atherosclerosis and
inflammatory/infiltrative changes. Age-related interstitial fibrosis in the pacemaker
cells of SA Node correlates with slower intrinsic rate in the mammalian heart. The
fibrosis can intervene with the pacemaker cells resulting in the slowing of its
automaticity.
Sinus Node Dysfunction (SND) and atrial arrhythmias may coexist together and
may interact with each other to initiate and perpetuate its abnormalities. The
association of SND with atrial fibrillation is a well-known entity. Some patients
manifest SND due to the electrical remodelling induced by the periods of atrial
fibrillation , and the group of some other patients develops progressive atrial
structural remodelling giving rise to both the conditions simultaneously.

SND

Af

Af (Site - pulmonary veins muscular sleeves)
Electrical remodelling
Structure remodelling : Cardiomyocyte apoptosis, progressive fibrosis, atrial dilatation
and electric decoupling.
Shortened refractoriness with functional re-entrant circuit, increasing Af vulnerability
and sustainability.

These changes as mentioned above are responsible for the common
occurrence of early recurrence after cardioversion, progressive drug
resistance with longer lasting Af and progression from paroxysmal to
permanent Af.
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Bradycardia-tachycardia syndrome: when the bradycardic phase associated with
periods of paroxysmal tachycardia, it is referred to as "brady-tachycardia syndrome" or
"tachy-brady syndrome". It is being observed in more than 50% cases of sick sinus
syndrome. This occurs in all age groups but being most common in elderly. It is a well
known fact that bradycardia predisposes to atrial fibrillation through the increased
likelihood of atrial ectopy with greater dispersion of refractoriness. SND and diffuse
atrial abnormalities may also co-exists together providing an anatomical substrate for
atrial fibrillation.

Natural history
The natural course of structural nodal disease is quite variable and unpredictable in the way
pacemaker cells and transitional cells behave. The changes may persist for years together
either intermittently or permanently. Atrial fibrillation is the most common amongst atrial
arrhythmias. It may be present as de novo with the initial diagnosis or it may develop later
on.

Causes
'I' as mnemonics:

This includes the diseases due to structural changes , as noted below.

Idiopathic (usually fibrotic SA node)
Ischemic heart disease
Involved with
primary non-ischemic cardiomyopathy
secondary cardiomyopathy connective tissue disorders, myxedema, hemochromatosis, amyloidosis, metastatic
tumor, neurological disorder – muscular dystrophy and friedreich's ataxia
Indwelling with hypertensive heart disease
Inflammatory diseases – rheumatic heart disease and acute myocarditis
Include mitral valve prolapse and congenital heart disease as causative factors

Risks occurrence
□ Neurological events – syncope or near syncope
□ Increased risk of cardiovascular events like hypotension and even heart failure which
are poorly tolerated at the time of atrial arrhythmias
□ Thromboembolic incidence due to the associated atrial fibrillation.

When structural nodal disease is accompanied by a symptom or group of symptoms it is
being referred as a syndrome (commonly designated as Sick Sinus Syndrome).
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Mechanism based classification
STRUCTURAL NODAL DISEASE
Pacemaker cells dysfunction
o Inappropriate sinus bradycardia
o Marked sinus arrhythmia
o Sinus pause /sinus arrest
o Chronotropic incompetence: inappropriate sinus
tachycardic response to physiological demands
or with atropine administration.

Sinoatrial nodal exit block
Associated atrial dysfunction
Atrial arrhythmias , including tachycardia-bradycardia
syndrome , sometimes may be accompanied by
intraatrial conduction delay /block (abnormally wide
and/or deformed P waves)
Secondary pacemaker takes over
as atrial escape, junctional escape
or ventricular escape.

Miscellaneous
Slow ventricular response in
atrial flutter and fibrillation.
Failure to resume sinus rhythm
after cardioversion for atrial
flutter and fibrillation.
Prolongation of return sinus
cycle
due
to
transient
suppression of SA node by
incoming retrograde impulse
from the previous escape beat
(atrial , nodal or ventricular).
Hemiblock

AV node
Associated with atrioventricular nodal
conduction disturbance (AV block).

Some illustrations
Inapp. Sinus bradycardia

Fig. 1.2

Fig. 1.3

Inappropriate sinus bradycardia (episodic or sustained)-non-structural
causes should be excluded. Bradycardia may predispose to atrial fibrillation
through enhanced atrial ectopy due to greater dispersion of refractoriness.
Sinus pause : Sinus node depolarizes > 3 sec after the last atrial
depolarization.
Sinus Node arrest : No evidence of Sinus Node depolarization.
(Ref : 2018 ACC /AHA/HRS Guideline on the Evaluation and Management
of the Patient With Bradycardia and Cardiac Condcution Delay)
A flat line lasting for > 3 sec warrants the clinicians to investigate the case
fully.
The pause/arrest is often followed by escape beat / rhythm, but lower
pacemakers may be sluggish or even absent at times in SND resulting in
asystole (pause up to 3 seconds during carotic sinus massage is within
normal limits. But symptomatic carotid sinus hypersensitivity may be an
indication for pacemaker).
Sinoatrial nodal exit block: (SA exit block): The electrical impulse originating
from the pacemaker cells of the SA Node is having a prolonged conduction time or
not being conducted over the way to the atria.
o First degree SA block: It denotes a prolonged conduction time from the SA
node to the surrounding atrial myocardium. It cannot be recorded on a standard
12 leads ECG, but requires invasive intracardiac recording.
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o Second Degree of SA block (Exit block):
Type I (Wenckenbach): progressively shortening of P-P intervals prior to a
pause; the pause has duration less than 2 P-P cycles (atrial conduction is delayed
for increasing prolonged intervals from beat to beat until this completely block
for one beat – the cycle is repeated again).
Type II: P-P interval is a multiple of the normal P-P intervals
o Third degree of SA block: the impulse does not reach the atrium at all and thus
cannot be differentiated from sinus arrest on the surface ECG.
Second degree SA block
1

Fig. 1.4

1x2

In electrocardiography, term SA block is invariably used for second
degree SA block as other two types of SA blocks are not recorded on
conventional 12-lead ECG.

Associated atrial dysfunction
As
atrial
tachyarrhythmias
(notably AF) or as Bradycardiatachycardia syndrome.

Fig. 1.5

Secondary pacemaker takes over as atrial escape, junctional escape or ventricular escape
in cases of prolonged SA node dysfunction
o Atrial escape (rate 60-80) originates within atria, not sinus node (normal P
morphology is lost)
o Junctional escape (rate 40-60): originates in the AV node; Pre-QRS P retrograde
P wave or P wave hidden within QRS complex.
o Ventricular escape (rate 20-40): originates in ventricular conduction system; no
P wave but with wide abnormal QRS.

AV node
Associated with atrioventricular nodal conduction disturbance (AV block)
First degree AV block o First degree AV block: prolongation of PR interval beyond 200 ms
o Second degree AV block
□ Mobitz type I (Wenckebach) a progressive delay in AV conduction
with successive atrial impulses until an impulse drops to be conducted.
It is having more benign course unlikely to progress to complete heart
block.
Findings on ECG
- Progressive prolongation of the P-R interval of each successive
beat before the dropped beat with subsequent repetition of the
Second degree – Mobitz type
cycle.
II
□ Mobitz type II block: abrupt AV conduction block of atrial impulses
without prior progressive conduction delay
Findings of ECG
- Usually a fixed number of non-conducted P waves with constant
PR interval , every sucessfully conducted P wave is having no
pattern or fixed relationship (e.g. 2:1 or 3:1 AV block). if
associated with a bundle branch block , it may progress to complete
heart block.
Second degree – Mobitz type I
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Third degree – AV block

Fig. 1.6

o Third degree AV block (complete heart block): is said to be
present when all the atrial impulses fail to pass through AV node with
complete atrioventricular dissociation (independent atrial and
ventricular rates . Here the atrial rate is higher than ventricular rate).
The perfusing rhythm is maintained by escape mechanism that can
occur anywhere from AVN to the bundle branch Purkinje system
(infranodal block is said to be present when the escape rhythm is
distal to the AV node).
High grade AV block (Advanced AV block): Second degree heart
block with a P :QRS ratio of 3:1 or higher producing an extremely
slow ventricular rate and unlike third degree heart block , however,
intermittently some sinus beats (P waves) are randomly conducted to
the ventricles.
In Nutshell > two consecutive P waves at a constant rate that do not
conduct to the ventricles with evidence for some atrioventricular
conduction.

A Practical Approach to Sick Sinus Syndrome on ECG
Step 1
A marked bradycardiac response line on ECG raises a strong suspicion of sick
sinus syndrome which may be either inappropriate sinus bradycardia or sinus
pause/sinus arrest.
□ To visulalise P-QRST on either side of this prolonged isoelectric line.
o If sinus P wave on the either side it is sinus bradycardia
o If post sinus complex on ECG belongs to a junctional escape, it may be
sinus pause/sinus arrest
o If the pause with a arithmetical relationship with the duration of P-P cycle
on the concerned ECG, It is the SA exit block.
□ To notice the presence of atrial arrhythmias if any, the commonest being atrial
fibrillation.
□ Bradycaridia-tachycardia syndrome : This is suspected if following the
termination of a paroxysm of supraventricular tachycardia (e.g. atrial flutter ,
fibrillation or atrial tachycardia , singly or in combination) , is followed by an
unexpected slow bradycardia. The tachyarrhythmic manifestation may ultimately
lead to a established chronic atrial fibrillation (The tachycardia may be associated
with suppression of sinus node automaticity and a sinus pause of variable duration
when tachycardia terminates)
□ AV nodal dysfunction (AV block)
□
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Diagnostic Algorithm of AV Block

Step 2
Useful
when
sinus
bradycardia
associated
with AV block ‘ Double
Nodal Disease’.

PR interval / P-QRS relationship

PR > 0.20 sec , with 1:1 AV
conduction
First degree AV block
(truly it is atrioventricular delay)

Gradual prolongation of PR interval
till one drop of P-QRS-T in periodic
repetitive pattern
Second degree AV block – Mobitz
type I (Wenckebach)

Constant PR prior to
Non-conducted P with variable or
fixed relationship (2:1 or 3:1 AV
block)
Mobitz type II AV block
( + Bundle branch block)

Variable PR interval with constant,
regular P-P and R-R gap interval
(rate <40bpm) (P-P <R-R interval )
[No evidence of atrioventricular
conduction]
Third degree heart block (complete
heart block) with life saving infranodal
escape rhythm

AV conduction with >3:1 AV block ,
at times completely free from AV
block giving passage to atrial activity
with normal PQRST complex
High degree AV block
(Advanced AV block)

Vagally mediated AV block :
Any type of AV block mediated by
heightened parasympathetic tone

Fig. 1.7
NB :
By ECG criteria alone , it is very hard to say the site of AV block , whether AV nodal or infra
nodal. For the most part wide QRS complex suggests infranodal block and narrow QRS complex
indicates AV nodal block (though this criteria not reliable).

Atrioventricular node is very sensitive to the influence of the autonomic nervous system , the
His bundle much less so.
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Step 3
It is suspected clinically by symptoms , signs and electrocardiographic manifestations on ECG ;
but it needs a diagnostic algorithm for the confirmation.
Algorithm for suspected sinus node
dysfunction on ECG
Symptom
s

No

Observe

Yes

Exercise related
Yes

No

If not already performed :
Exercise ECG testing

Diagnostic
No

Yes

Fig. 1.8

If not already performed :
Ambulatory ECG monitoring

Electrophysiology study
(if performed for other
reasons) (Class IIb)

Sinus node dysfunction

*There is no routine role for exercise electrocardiographic testing in this context. But it
may be useful in some selected patients
(i) useful in accessing those symptoms occurring during or immediately after exercise ,
including those suspected cases of chronotropic incompetence and exercise induced ,
neurally mediated syncope.
(ii) In evaluating the impact of parasympathetic withdrawl and sympathetic activation on
cardiac conduction to distinguish AV nodal versus conduction disturbances in HisPurkinje system below the AV node (infranodal) in the setting of 2:1 AV nodal block.
(iii) To be kept in mind that conduction disorders elicited by exercise ECG testing in
occasional cases may be precipitated by myocardial ischemia or coronary vasospasm.
**The electrophysiology test should not be done primarily for sinus node dysfunction. If
electrophysiology testing is being performed for another reason (e.g. risk stratification for
sudden cardiac death) , evalution of sinus node function may be useful to inform whether
an atrial lead for atrial pacing would have potential benefit.
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Concluding remark
Sick sinus syndrome (an appropriate term for this disorder , nowadays ‘Structural Nodal
Disease’ ) is a well recognized concept. This refers to a combination of symptoms (fatigue ,
pre-syncopal symptoms like dizziness , confusion or even syncope , etc.) caused by sinus node
dysfunction and its manifestation on ECG. The following algorithm may be useful towards as
a methodical approach in diagnosing the structural nodal disease :

A Methodical Approach To The Diagnosis Of Structural Nodal Disease
SAN
Inappropriate sinus bradycardia, Marked sinus
arrhythmia, Intra-atrial block (abnormally wide
and/or deformed P waves)
Sinus pause/sinus arrest → atrial escape,
junctional escape or ventricular escape → ±
transient suppression of SA node by incoming
retrograde impulse from the previous escape
beat with prolongation of return sinus cycle
Fig. 1.9

Atrial Dysfunction
Atrial arrhythmias (Atrial fibrillation)
Bradycardia-tachycardia syndrome
AVN
Sinus bradycardia associated with AV block
(double nodal disease)
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Intesesting ECG related to Sick Sinus Syndrome
History 70 years male case of DCMP, Electrolytes normal, not on digoxin

(A)
Prolonged isoelectric line having ventricular rate approx 43/min with preceeding sinus QRS
complex followed by junctional beat ( normal P-P cycle is not present on this ECG ).
Associated 'Poor r wave progression' with ST/T changes over inferior leads and V5-V6
possibly due to associated DCMP
Diagnosis: Most probably-Sinus bradycardia with junctional escape /or ? sinus pause.

(B) ECG of the same patient

Source: CME INDIA (Dec. 9, 2019) by Dr. P.G SARKAR, DM (Cardio)

See on the next page
Source: CME INDIA (Dec. 9, 2019) by Dr. P.G SARKAR, DM (Cardio)

Rhythm strip II : Junctional escape beat causing retrograde atrial activation (inverted p)
which is antegradely activating the ventricles (narrow QRS comples) and this cycle is
being repeated. (with a pause of approx 2 sec.)
Interpretation: Junctional beat with retrograde conduction to the SA node suppressing
the node momentarily leading to the prolongation of the return cycle.

Further reading suggested :
1. South Asian Edition of the WASHINGTON MANUAL OF
MEDICALTHERAPEUTICS (36th Edition) 'Bradyarrhythmias' – P 223-228
2. MARRIOTT'S PRACTICAL ELECTROCARDIOGRAPHY – South Asian
Edition(12th Edition)
'Decreased automaticity' – P 443-451
3. CHOU'S ELECTROARDIOGRAPHY IN CLINICALPRACTICE(6th Edition)
'Sick sinus syndrome' – P 336-342
4. LeoSchamroth AN INTRODUCTION TO ELECTROCARDIOGRAPHY
(EightAdapted Edition)
'Structural nodal disease: the so-called sick sinus syndrome' – P 287-290
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Bradyarrhythmia : A basic concept
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ECG
BRADYARRHYTHMIA : A BASIC CONCEPT
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

The term Bradyarrhythmia is applied when the heart rate below 60 bpm.
± associated arrhythmia - irregularity of the rhythm.

Basic
Electrophysiological
Principle in
Bradyarrhythmia

1. It is the electrophysiological principle that SA Node with its
highest pacemaking quality governs the rate of the heart (60-100
bpm).
2. The potential subsidiary pacemakers having slower rate may come
into operation to sustain the cardiac rhythm whenever there is
failure of SA Node functioning.
Site
SA Node
AV Node/bundle of His
Bundle branches/Purkinje fibers

Inherent rate
60-100 bpm
40-60 bpm
20-40 bpm

When the subsidiary pacemakers (AV Node, bundle of His, bundle
branches, Purkinje fibers) become the pacemaker , this is being
referred to as Escape pacemaker.
Mechanism

Determination of site of
Pacemaking activity

Suppression of the automaticity of SA Node below 60 bpm.
Failure of SA node functioning and taking over the charge by the
potential subsidiary pacemaker.
Accompanying AV block
Atrial ectopic beats under following circumstances :
Wandering atrial pacemaker - Shifting of pacemaker site
between the sinus node and ectopic atrial sites and/or AV node, at
least with three distinct P wave morphology with normal heart rate
or at times with slow heart rate.
Blocked PAC on preceding T wave may mimic sinus
bradycardia - pseudo bradycardia

o QRS complex preceding with P wave with normal 1:1 AV
conduction (P wave is positive in lead II and negative in lead aVR) is
suggestive of the rhythm originating from SA node.
o The determination of the site of pacemaking activity by the rate of
the rhythm , as mentioned above.
o The shape of the QRS complex : usually narrow QRS complex
indicates the origin at or above AV nodal system provided there is no
accompanying bundle branch block or aberrant conduction , while
for the most part wide QRS complex suggests infranodal origin.
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Physiological decrease in
SA node automaticity

Physiological slowing of the sinus rate – Very common in young
people , in athletes and in some older adults especially during deep
sleep.
Physiologically enhanced parasympathetic nervous system – there
are certain factors which can induce sudden enhancement in
parasympathetic activity with simultaneous decrease in sympathetic
activity. The list is summarized as follows
Straining effort (Valsalva maneuver)
Sudden change of posture from a recumbent to an upright
one.
During carotid sinus massage / carotid sinus hypersensitivity
By increased pressure within the eyes or increased
intracranial pressure.
Drugs causing pooling of blood by dilating the veins.

Structural Nodal Disease

Pacemaker cells dysfunction
Inappropriate sinus bradycardia
Marked sinus arrhythmia
Sinus pause / sinus arrest
Chronotropic incompetence : inappropriate sinus tachycardia
response to physiological
administration.

demands

or

with

atropine

Sinus nodal exit block
Atrial dysfunction may be in association
Atrial
arrhythmias,
including
tachycardia-bradycardia
syndrome , sometimes may be accompanied by intraatrial
conduction delay/ block (abnormally wide and / or deformed P
waves)
Secondary pacemaker takes over as atrial escape, junctional
escape or ventricular escape.
AV node
Associated with atrioventricular nodal conduction disturbance
(AV block).
Miscellaneous
Slow ventricular response in atrial flutter and fibrillation.
Failure to resume sinus rhythm after cardioversion for atrial
flutter and fibrillation.
Prolongation of return sinus cycle due to transient suppression
of SA node by incoming retrograde impulse from the previous
escape beat (atrial , nodal or ventricular).

A Diagnostic Approach
to Structural Nodal
Disease

SAN

AVN

BH

LBB
RBB

A marked bradycardiac response line on ECG raises a
strong suspicion of sick sinus syndrome which may be either
inappropriate sinus bradycardia or sinus pause/sinus arrest
or SA exit block.
To visulalise P-QRST on either side of this prolonged isoelectric
line.
o If sinus P wave on the either side it is sinus bradycardia
o If post sinus complex on ECG belongs to a junctional
escape, it may be sinus pause/sinus arrest
o If the pause with a arithmetical relationship with the
duration of P-P cycle on the concerned ECG, It is the SA
exit block.
To notice the presence of associated atrial arrhythmias if any,
the commonest being atrial fibrillation.
Bradycardia-tachycardia syndrome : This is suspected if
following the termination of a paroxysm of supraventricular
tachycardia (e.g. atrial flutter , fibrillation or atrial tachycardia ,
singly or in combination) , is followed by an unexpected slow
bradycardia. The tachyarrhythmic manifestation may ultimately
lead to a established chronic atrial fibrillation (The tachycardia
may be associated with suppression of sinus node automaticity
and a sinus pause of variable duration when tachycardia
terminates)
AV block, as discussed below

An abrupt and unexpected complete AV block in a patient with
otherwise 1:1 AV conduction , with delayed ventricular escape
Paroxysmal AV block
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OUTLINE
Introduction
Basic Electrophysiological Principle in Bradyarrhythmia
Mechanism
Determination of Site of Pacemaking activity
Physiologically decrease in SA node automaticity
Structural Nodal Disease
Illustration by ECGs
The available ECGs have been discussed on the subsequent pages under the
following heads :
1. SA Node related bradyarrhythmia
Sinus bradycardia
Wandering atrial pacemaker (cousin of sinus bradycardia)
Blocked APC mimicking sinus bradycardia
bradycardia)
2. AV Nodal rhythm
3. Sick Sinus Syndrome related bradyarrthythmia
4. AV Node block related bradyarrhythmia
Second degree AV block – Mobitz type I
Second degree AV block – Mobitz type II
Complete AV block
5. Atrial Fibrillation or flutter with a slow ventricular rate
A Diagnostic Approach to Structural Nodal Disease
Concluding remark
Further Reading

(pseudo
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BRADYARRHYTHMIAS : A BASIC CONCEPT
DR. D.P. KHAITAN
MD (MEDICINE) FCGP (IND) FIAMS (MEDICINE) FICP

Let the Heart run smoothly when it is being well-governed by the reins of SA Node.
Increasing the run more and decreasing the run less – O SA Node , thy unyoked horses may
run on either side. Thou being the King of pacing the heart throw the radiance of protection.
But on thou failure subsidiary centres come into play to save the harmony of the heart. God
has blessed the heart with such a swift lightning of ON and OFF.

Introduction
The term Bradyarrhythmia is applied when the heart rate below 60 bpm + associated
arrhythmia – irregularity of the rhythm. Persistent Bradyarrhythmia is usually associted with
symptoms eg. Fatigue , cognitive impairment , dizziness , shortness of breathe or exercise
intolerance. Intermitent spells of bradyarrhythmia more often present with vertigo , blurred
vision lightheadacheness and even syncope due to a sudden decrease in cerebral perfusion.

Basic Electrocardiographic Principle in Bradyarrhythmia
1) The fastest rate-generating pacemaker in the heart is SA Node , the automaticity of
which produces the heart beat usually in the range of 60-100 bpm. It is the
electrophysiological principle that SA Node with its highest pacemaking quality
governs the rate of the heart.
2) The potential subsidiary pacemakers having slower rate may come into operation to
sustain the cardiac rhythm whenever there is failure of SA Node functioning.
In nutshell, it can be stated that the lower subsidiary pacemakers are suppressed by the higher
rate generating SA Node and when SA Node fails to maintain its automaticity of its rate
discharge, the lower pacemaking centres come into operation.

(Inherent rate 60-100 bpm)

/ Bundle of His (Inherent rate
40-60 bpm)

Fig 1.1

Bundle branches /
Purkinje system
(Inherent rate
20-40 bpm)
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The more distally the subsidiary pacemaker is situated from the SA Node ( ‘The king of its
own empire’) , the slower would be its inherent discharge rate. This is to be mentioned that
only one pacemaker at a time governs the heart rate.

Site

Inherent rate

SA Node

60-100 bpm

AV Node / bundle of His

40-60 bpm

Bundle branches / Purkinje fibers

20-40 bpm

When the subsidiary pacemakers (AV Node, bundle of His, bundle branches, Purkinje fibers)
become the pacemaker , this is being referred to as Escape pacemaker.

Mechanism
This can be discussed as below :
Suppression of the automaticity of SA Node below 60 bpm.
Failure of SA node functioning and taking over the charge of pacemaking by the
potenital subsidiary pacemaker.
Accompaying AV block.
Atrial ectopic beats under following circumstances :
Wandering atrial pacemaker - Shifting of pacemaker site between the sinus node
and ectopic atrial sites and/or AV node, at least with three distinct P wave
morphology with normal heart rate or at times with slow heart rate.
Blocked
PAC
on
preceding
T
wave
may
mimic
sinus
bradycardia - pseudo bradycardia.
A biological principle deciding the role of subsidiary pacemaker is needed to be understood
by the policy of taking over the charge when one fails to sustain the life. No one can expect
the cardiac pacemaking capability to come to zero , otherwise the life would cease. From
embryological point of view SA Node and AV Node belong to a group of slower conducting
system, equipped with its own inherent pacemaking rate. Contrary to this system there is
another faster conducting system – HIS-Purkinje system , though faster in conduction but
having a somewhat slower inherent rate of pacing . Bundle of HIS is the intermediate zone.
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Determination of site of Pacemaking activity

o QRS complex preceding with P wave with normal 1:1 AV conduction (P wave is
positive in lead II and negative in lead aVR) is suggestive of the rhythm originating
from SA node.
o The determination of the site of pacemaking activity by the rate of the rhythm , as
mentioned before.
o The shape of the QRS complex : usually narrow QRS complex indicates the origin at
or above AV nodal system provided there is no accompanying bundle branch block or
aberrant conduction , while for the most part wide QRS complex suggests infranodal
block.

Fig 1.2

Physiological decrease in SA node automaticity
Physiological slowing of the sinus rate – Very common in young people , in athletes
and in some older adults especially during deep sleep.
Physiologically enhanced parasympathetic nervous system – there are certain factors
which can induce sudden enhancement in parasympathetic activity with simultaneous
decrease in sympathetic activity. The list is summarized as follows
Straining effort (Valsalva maneuver)
Sudden change of posture from a recumbent to an upright one.
During carotid sinus massage / carotid sinus hypersensitivity
By increased pressure within the eyes or increased intracranial pressure.
Drugs causing pooling of blood by dilating the veins.
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Structural Nodal Disease
STRUCTURAL NODAL DISEASE
Pacemaker cells dysfunction
o Inappropriate sinus bradycardia
o Marked sinus arrhythmia
o Sinus pause /sinus arrest
o Chronotropic incompetence: inappropriate
sinus tachycardic response to physiological
demands or with atropine administration.

Sinoatrial nodal exit block
Atrial dysfunction may be in association
Atrial arrhythmias , including tachycardia-bradycardia
syndrome , sometimes may be accompanied by
intraatrial conduction delay /block (abnormally wide
and/or deformed P waves)
Secondary pacemaker takes over
as atrial escape, junctional escape
or ventricular escape.
AV node
Associated with atrioventricular nodal
conduction disturbance (AV block).

Miscellaneous
Slow ventricular response
in atrial
flutter and
fibrillation.
Failure to resume sinus
rhythm after cardioversion
for
atrial flutter and
fibrillation.
Prolongation of return sinus
cycle due to transient
suppression of SA node by
incoming
retrograde
impulse from the previous
escape beat (atrial , nodal or
ventricular).

Illustration by ECGs
The available ECGs have been discussed on the subsequent pages under the following
subheads :
1. SA Node related bradyarrhythmia
Sinus bradycardia
Wandering atrial pacemaker (cousin of sinus bradycardia)
Blocked APC mimicking sinus bradycardia (pseudo bradycardia)
2. AV Nodal rhythm
3. Sick Sinus Syndrome related bradyarrthythmia
4. AV Node block related bradyarrhythmia
Second degree AV block – Mobitz type I
Second degree AV block – Mobitz type II
Complete AV block
5. Atrial Fibrillation or flutter with a slow ventricular rate
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There is a mathematical symmetrical running of the pacemaker system – the system does not
work normally in isolation but with unity in diversity. This biologically motivated system
comes in operation with the next pacemaking system only on the failure of the principle
pacemaking system SA node , but with a slower rate. This interconnected system respects
the life by pacing the heart at the time of dire emergency.

SA NODE RELATED BRADYARRHYTHMIAS

Sinus Bradycardia
Fig 1.3
( Sinus rhythm with a rate below 60 bpm )

Wandering atrial
Pacemaker
Fig 1.4
Shifting of the pacemaker site between the sinus node and ectopic atrial sites and or
/atrioventricular node (AV node). Here with three distinctly P wave morphologies
( Electrophysiologic cousin of sinus bradycardia )

Blocked APC
may mimic sinus
bradycardia –
pseudo
bradycardia
(Blocked PAC on
T as ticked
marked by red
arrow)
Fig 1.5
( SOURCE - CME INDIA - 23 January 2020 by Dr. N.K Singh)
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AV NODAL RELATED BRADYARRHYTHMIAS
AV nodal
rhythm
P’
Fig 1.6

Inverted P – Just after the QRS complexes in lead II and upright in Lead aVR
( In AV nodal rhythm , the inverted P wave may be either before , within or after the
QRS complex with upright corresponding P in lead aVR ).

Bradyarrhythmic
type of isorhythmic
dissociation
Fig 1.7
The atria and ventricles are driven by independent pacemakers at equal or nearly equal
rates – here atria and ventricular rates are almost the same i.e 54 bpm in this case.

SICK SINUS SYNDROME RELATED BRADYARRHYTHMIAS
The failure of SA Node pacing system means non-inscription of P wave during the period as
in sick sinus syndrome. To save the life , the subsidiary AV node pacemaking activity comes
for the rescue as junctional escape.
Junctional escape
beat
Fig 1.8

Sinus rhythm
followed by
junctional escape
beat dependent
pause.
Fig 1.9
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AV BLOCK

Second degree AV
block – Mobitz type I
Fig 2.0
Progressive prolongation of the R-R interval of each successive beat before the dropped beat

Second degree AV
block – Mobitz type II
Fig 2.1
The AV Node becomes completely refractory to conduction on an intermittent basis

When AV node completely fails as in complete heart block (Third degree AV block) , the
next pacemaking system situated over the Bundle of His (as in congenital complete heart
block) or over bundle branches system (idioventricular rhythm of bundle branch block
pattern, as in acquired complete heart block) comes into operation. Here is a loss of atrioventricular association , resulting in atrio-ventricular dissociation with widened QRS
complexes at a slower rate usually less than 40 bpm.

Complete AV block
with idoventricular
rhythm of RBBB
Pattern.
Fig 2.2
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Complete Heart block
without widened QRS
, possibly site of escape
rhythm is nodal in
origin

Fig 2.3

SOURCE CME INDIA (2nd Feb 2020 by Dr. N.K Singh)

ATRIAL FIBRILLATION OR FLUTTER WITH A SLOW VENTRICULAR RATE
68

Af
Af

Fig 2.4

Atrial fibrillation with complete heart block , a few intermingled ventricular extrasystoles
(marked bradycardia induced ventricular ectopic beats. This bridging ventricular extrasystoles ? for re-entry as the mechanism of ventricular arrhythmia triggered by bradycardia).
This ECG shows atrial fibrillatory waves (most obvious in lead V1 and V2) with a very slow
ventricular rate. The f waves here are very fast with low amplitude. A very slow , regularized
ventricular complex in AF suggests the presence of underlying complete heart block. (the
ventricular regularity is at time broken here by intervening ventricular extrasystole).
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However , the very slow ventricular rate may also occur because of the drug effects (e.g, with
beta blockers, certain calcium channel blockers, or digoxin).

A diagnostic approach to Structural Nodal Disease

A marked bradycardiac response line on ECG raises a strong suspicion of sick
sinus syndrome which may be either inappropriate sinus bradycardia or sinus
pause/sinus arrest.
□ To visulalise P-QRST on either side of this prolonged isoelectric line.
o If sinus P wave on the either side it is sinus bradycardia
o If post sinus complex on ECG belongs to a junctional escape, it may be
sinus pause/sinus arrest
o If the pause with a arithmetical relationship with the duration of P-P
cycle on the concerned ECG, It is the SA exit block.
□ To notice the presence of atrial arrhythmias if any, the commonest being atrial
fibrillation.
□ Bradycaridia-tachycardia syndrome : This is suspected if following the
termination of a paroxysm of supraventricular tachycardia (e.g. atrial flutter ,
fibrillation or atrial tachycardia , singly or in combination) , is followed by an
unexpected slow bradycardia. The tachyarrhythmic manifestation may ultimately
lead to a established chronic atrial fibrillation (The tachycardia may be associated
with suppression of sinus node automaticity and a sinus pause of variable
duration when tachycardia terminates)
□ AV block , as discussed below
□

Second degree AV block – Mobitz type I : a progressive delay in AV conduction
with successive atrial impulses until an impulse drops to be conducted. It is having
more benign course unlikely to progress to complete heart block.
Second degree AV block – Mobitz type II : abrupt AV conduction block of atrial
impulses without prior progressive conduction delay resulting in Non conducted P
wave with no PR interval increment.
Third degree AV block (complete heart block): is said to be present when all the
atrial impulses fail to pass through AV node with complete atrioventricular
dissociation (independent atrial and ventricular rates . Here the atrial rate is higher
than ventricular rate). The perfusing rhythm is maintained by escape mechanism that
can occur anywhere from AVN to the bundle branch Purkinje system (infranodal
block is said to be present when the escape rhythm is distal to the AV node).
High grade AV block (Advanced AV block): Second degree heart block with a P
:QRS ratio of 3:1 or higher producing an extremely slow ventricular rate and unlike
third degree heart block , however, intermittently some sinus beats (P waves) are
randomly conducted to the ventricles.
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In Nutshell > two consecutive P waves at a constant rate that do not conduct to the
ventricles with evidence for some atrioventricular conduction.
Paroxysmal AV block : An abrupt and unexpected complete AV block in a patient
with otherwise 1:1 AV conduction , with delayed ventricular escape.
This is an uncommon cause of syncope , often remains undiagnosed and may lead
even to sudden cardiac death.
Three major types of paroxysmal AV block – Vagally mediated , intrinsic (Phase 4),
and idiopathic.
Vagally mediated
Vagally mediated – with a
surge in parasympathetic
activity eg. vomiting ,
micturation , intense coughing ,
phlebotomy , carotid sinus
stimulation , etc.

Phase 4 AV block
Idiopathic
Diseased
HIS,
Purkinje
Lower baseline
1. Mechanism
system (HPS) – partial
adenosine level
depolarization in the HPS with excessive
during the latter part of
susceptibility to
phase 4, resulting in
excessive
inactivation of Na+
adenosine.
channels unable to cause a
complete depolarization
by itself.
The absence of any
2. ECG changes Preceding gradual slowing of
Baseline ECG –
cardiac or baseline
sinus rate CHB a gradual
suggestive of
ECG abnormalities
improvement in AV conduction
conduction system
and provokated
along with acceleration of sinus
disease – RBBB ,
without any known
LBBB and intrarate. (The first few beats after
resumption of AV conduction
ventricular conduction triggered.
usually conduct with a
defect in decreasing
prolonged PR interval).
order. One-third of
cases with normal
baseline ECG.
Triggered by a pause
following PVC , PAC
or an abrupt change in
heart rate when the
impulse reaching the
HPS finds it to be
inactive with unability
to conduct. , it becomes
reexcitable again by
another premature
depolarization.
NB : The presence of one mechanism of Paroxysmal AV block does not rule out others.

Concluding remark
While diagnosing bradyarrhythmia on ECG , the following casues of bradyarrhytmias
should be excluded :
P waves in relation with QRS complex with a sinus rhythm : with a rate <60
beats/min associated with 1:1 normal AV conduction with the following QRS
complex (P wave is positive in lead II and negative in lead aVR – these findings are
pointer of sinus bradycardia).
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Wandering atrial pacemaker : at least three different P wave morphologies with
variable PR and RR interval with a relatively normal or slow heart rate.
Blocked APC mimicking sinus bradycardia : an attention should be paid to the
careful inspection of T wave to recognise blocked PAC superimposed on T wave
giving the impression of Pseudo bradycardia.
AV nodal rhythm : The inverted P wave may either before, within or after the QRS
complex with upright corresponding P in lead aVR with an heart rate of 40-60 per
minute.
Structural Nodal Disease , as discussed earlier.

Further reading
1. Marriott’s Practical Electrocardiography – 12th Edition (South Asian Edition) – P –
444-452
2. GOLDBERGER’S CLINICAL ELECTROCARDIOGRAPHY – A SIMPLIFIED
APPROACH (FIRST SOUTH ASIA EDITION) – P – 194 – 197
3. Mechanisms of bradycardia-induced ventricular arrhythmias in myocardial ischemia
and infarction – B J Scherlag, G Kabell, L Harrison, and R Lazzara – Source –
https://www.ahajournals.org/doi/pdf/10.1161/01.CIR.65.7.1429
4. Bradyarrhythmias – Cardiovascular Medicine
https://cardiovascmed.ch/article/doi/cvm.2018.00580
5. What is the mechanism of paroxysmal atrioventricular block in a patient with
recurrent syncope ?
WILEY : Journal of arrhythmia
Raghav Bansal MD, DM , Ankit Mahajan MD, DM , Chetan Rathi MD, DNB ,
Akshay Mehta MD , DM , Yash Lokhandwala MD, DM, FACC
https://onlinelibrary.wiley.com/doi/epdf/10.1002/joa3.12245
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EMBRYOLOGICALLY EVOLVING CARDIAC
CONDUCTIVE UNIT : A BASIC CONSIDERATION
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

A basic embryological
display

Evolving conductive
system

Primitive pacemaker
activity at the venous end

ECG would be easier to be understood if the electrical events are
analysed through the concept of embryologically evolving cardiac
conductive unit.
SA Node depolarizing the atria
The basic pacemaking activity is always found at the venous end of
the evolving primitive heart tube. This entire pacemaker activity in
due course is concentrated upon SA Node which is having the
highest pacemaker activity and comes ahead first to depolarize the
atria.
AV Nodal delay
The evolving AV Node becomes the next station for passing
impulses from the SA Node but with a momentary delay. Unless
and until there is a transient delay in between the atrial and
ventricular junction, this mechanism cannot be in operation
efficiently and smoothly. This momentary delay is due to the slow
conduction within the AV node.
Ventricular depolarization
After a momentary AV Nodal delay, the cardiac impulse passes
through the rapidly conducting HIS-Purkinje System to the
ventricles and thus the process of ventricular depolarization sets in.
The synchronized ventricular depolarization is only possible with
the help of rapidly conducting HIS-Purkinje System , otherwise
both the ventricles would not be depolarized in a synchronized way.
This is the rapid movement through HIS- Purkinje System which
paves the pathway for synchronized ventricular depolarization.
The heart has evolved embryologically from the primitive heart tube
which is having two ends –venous end and arterial end. Within the
venous end , the pacemaker activity of the heart starts and during its
embryological evolution , the tube is divided into two parts – atrial and
ventricular by the intervening atrioventricular canal (AVC). AV canal is
the future site of AV node
SA Node - All myocytes within the primitive heart tube are having
pacemaker activity but the cells at the venosus end of the tube are
having the highest intrinsic rate initiation capability which dominates
over the rest of the region to function as a dominant pacing centre.
The spurting of the electrical activity from this dominant centre is
present even before the embryonic myocytes colony starts
contracting. And therefore this dominant centre is the most primitive
centre of electrical current genesis.

| 67
AV Node - The AV Node including the bundle of HIS is formed in
the left wall of the Sinus Venosus , and in the AV canal. After the
sinus venosus, is absorbed, AV node is near the interatrial septum
and bundle of HIS lies over the ventricular septum crest. (This is to
be noted here that it is the embryonic AV canal that contains the
precursors of the AV node).
Atrioventricular fibroskeleton insulation - This atrioventricular
endocardial cushion is the Mother-Tissue from which the proliferated
fibrous tissue proliferate to form fibroskeleteon atrioventricular
skeleton.
As a result of increased metabolic demand by the developing foetus
there is a revolutionary remodelling of the heart, which is manifested by
1. The appearance of a mesh work of small protrusions over the
endocardial surfaces of the ventricles-known as trabeculae.
2. The subepicardial zone of the ventricle wall consists of cardiac
myocytes, later to be converted into the muscular mass of the
ventricles having distinct phenotype expression equipped with
slow conduction.
The entire architect has been illustrated by the following sketch

There is an extensive cross links in between the mesh work of the
ventricular trabeculae. There is also an alignment of these ventricular
trabeculae along the muscular ventricular septum – known as ventricular
septal trabeculaetion. The density of trabeculation is being highest in the
apical half of both the ventricle, compared with the basal half.

OUTLINE
Introduction
A basic embryological display
Evolving conductive system
Atrioventricular fibroskeleton insulation
Concluding remark
Further reading suggested
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EMBRYOLOGICALLY EVOLVING CARDIAC CONDUCTIVE UNIT :
A BASIC CONSIDERATION
A Narrative Review
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP
With the Dawn, O 'SA node' thou send your rays of life to gleam the heart and while marching
through the next stay 'AV node', thy movement is seized for a while – and then , descending
rays of life pass rapidly onwards with a synchronised sequential contraction of both the
ventricles. This is a higher delight towards a brighter plan with more sweetness to the heart - a
harmonious weaving through the blissful pathways – slowly and rapidly conducting.

Introduction
The recording of cardiac electrical events through non-invasive tool ECG is a great boon to the
field of cardiology . ECG would be easier to be understood if the electrical events are analysed
through the concept of embryologically evolving cardiac conductive unit.
The sequential recording of the various electrical waves on ECG reflects a well-organized and
synchronized display of the heart. With the ongoing embryological discussion sincere efforts
would be made to discover the basic facts behind the evolution of the electrical waves being
recorded on ECG.
A basic concept concerned with the subject is illustrated as below:

SA Node depolarizing the atria
Atrioventricular channels

AV Nodal delay
Rapidly conducting HIS – Purkinje system

Ventricular deplolarization

Repolarization
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A basic embryological display
SA Node depolarizing the atria
The basic pacemaking activity is always found at the venous end of the evolving
primitive heart tube. This entire pacemaker activity in due course is concentrated upon
SA Node which is having the highest pacemaker activity and comes ahead first to
depolarize the atria.

AV Nodal delay
The evolving AV Node becomes the next station for passing impulses from the SA Node
further but with a momentary delay.
The atria and ventricles act in such a synchronized way that the atria contract while the
ventricles relax - so as the atria may empty its contents smoothly into the ventricles
before the ventricles start contracting. This could happen only if the system is comprising
of two distinct pathways for the impulse to be conducted downwards. Unless and until
there is a transient delay in between the atrial and ventricular junction, this mechanism
cannot be in operation efficiently and smoothly. This momentary delay is due to the slow
conduction within the AV node.

Ventricular depolarization
After a momentary AV Nodal delay, the cardiac impulse passes through the rapidly
conducting HIS-Purkinje System to the ventricles and thus the process of ventricular
depolarization sets in. The synchronized ventricular depolarization is only possible with
the help of rapidly conducting HIS-Purkinje System , otherwise both the ventricles would
not be depolarized in a synchronized way.
This is the rapid movement through HIS- Purkinje System which paves the pathway for
synchronized ventricular depolarization.

Evolving conductive system
The heart has evolved embryologically from the primitive heart tube which is having two ends –
venous end and atrial end. Within the venous end , the pacemaker activity of the heart starts
during its embryological evolution , the tube is divided into two parts – atrial and ventricular by
the intervening atrioventricular canal (AVC). AV canal is the future site of AV node.
The impulse from the SA Node travels downward to the AV Node with a transient delay at this
point and thus, a sluggish system gets created. And this sluggish system is compensated to
allow the impulses to be conducted rapidly to the ventricular chambers through HISPurkinje System (Rapidly Conducting Pathway).

The firstly evolved primitive SA nodal pacing activity to be followed by a sluggish momentary
stay within AV node triggers the pathway further to be differentiated into fast conductive system.
This is compensatory mechanism to overcome the delay. This is to be noted here that the venous
end of the cardiac tube has a phenotype expression that displays slow transmission of the
electrical impulse. And just to mention here that the nature has evolved the conductive system
accordingly.
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During the embryological evolution the fibroskeleton insulation separates the atria and ventricles
except at the location of atrioventricular node. This AV Nodal system works as a channel for the
transmission of impulses from the atria to the ventricles.
The entire evolving cardiac conductive system concept can be divided into two parts:
1. The part above the fibroskeleton ring , including SA Node , the AVN and the intervening
atrioventricular conducting channels and the atria.
2. The part below the fibroskeleton ring , including rapidly conducting pathway –
HIS-Purkinje system and the ventricles.
(HIS-Purkinje system consists of HIS bundle , two branches : right bundle branch and left
bundle branch with terminal ramification known as Purkinje fibres).
The part above the AV fibroskeleton ring
All myocytes within the primitive heart tube are having pacemaker activity but the cells at the
venosus end of the tube are having the highest intrinsic rate initiation capability which dominates
over the rest of the region to function as a dominant pacing centre. The spurting of the electrical
activity from this dominant centre is present even before the embryonic myocytes colony starts
contracting. And therefore this dominant centre is the most primitive centre of electrical current
genesis.

SA NODE
Artrial end
Embronic pacemaker is at the venosus (caudal) part
of the heart tube.

Venosus end

A

Primitive pacemaker activity at the venous end

With the fusion of the heart tube, the SA Node lies
in the sinus venosus (during the initial development
the entire sinus venosus including SA Node acts as
a pacemaker but ultimately the pacemaking activity
is confined to the SA node itself).

B

Primitive ventricle
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AV NODE
The AV Node including the bundle of HIS is formed in the left wall of the Sinus Venosus , and
in the AV canal. After the sinus venosus, is absorbed, AV node is near the interatrial septum and
bundle of HIS lies over the ventricular septum crest.

This is to be noted here that it is the embryonic AV
canal that contains the precursors of the AV node.

Atrioventricular fibroskeleton insulation
During the embryonic life of cardiac evolution, there exist a direct electrical communication in
between the atria and the ventricles – antegradely and retrogradly bothAfter septation, there is a
fibrous tissue proliferation from the AV cushion and epicardial mesenchymal cells – thus, there
is a physical barrier in between the atria and ventricles, known as Atrioventricular Insulation.

This atrioventricular endocardial cushion is
the Mother-Tissue from which the
proliferated fibrous tissue proliferate to form
fibroskeleteon atrioventricular skeleton.

The atrial myocytes are equipped with faster impulse propagation with an intervening
intercalated discs present therein. The connecting channels in between the atria and AV node is
noted for a strongly circular myofiber arrangement with the presence of cardiac jelly in between;
this junctional zone also exhibits a slow conduction velocity similar to the function of the AV
node in a mature heart.
The part below the fibroskeleton ring, including rapidly conducting pathway – HIS-Purkinje
system and the ventricles.
Mammalian hearts display fast ventricular conduction by these group of cells even at stages
before the trabeculations being formed. The entire evolution is adopted in a manner that the
preferential conduction for the down going impulses run from apex to base. The tabiculations
present over the sub-endocardial layer of the ventricules are the functional and structural
precursors of this rapidly conductive system.
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It is interesting to note that there is a remodelling of the cardiac myocytes over the either side of
the trabecular zone – the myocytes at the epicardial sites are differentiated into embryonic
ventricular cells having small and scarse gaps (responsible for the slow conduction along the
ventricular myocardial mass) , where as the endocardial side there is more number of gaps
expression and this positive expression is being maintained along the entire HIS-Purkinje
system, responsible for fast conducting system.
As a result of increased metabolic demand by the developing foetus there is a revolutionary
remodelling of the heart, which is manifested by
3. The appearance of a mesh work of small protrusions over the endocardial surfaces of the
ventricles-known as trabeculae.
4. The subepicardial zone of the ventricle wall consists of cardiac myocytes, later to be
converted into the muscular mass of the ventricles having distinct phenotype expression
equipped with slow conduction.
The entire architect has been illustrated by the following sketch
Epicardial layer
Cardiomyocytes

ventricular muscular mass

Trabeculae
Trabecular myocytes

Peripheral conduction system
(HIS Purkinje system)

Ventricular Muscular Wall

The trabeculated myocardium has been gifted with a
developmental programme of gene expression (with rapid
conduction velocity) and thus, differs from that of the
adjacent myocardium of the ventricular wall.
There is an increasing alignment with the arrangement of
trabecular system, from an apex to base - once the impulse
passes through the apical zone of the ventricular
myocardium, it traverses upwards towards the base – an
unique quality of propagation, being noted by recording
electrocardiogram (R wave denotes apical march of the
impulse, while the S wave denotes the upward journey
towards the basal part)
There is an extensive cross links in between the mesh work of the ventricular trabeculae. There is
also an alignment of these ventricular trabeculae along the muscular ventricular septum – known
as ventricular septal trabeculaetion.
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The density of trabeculation is being highest in the apical half of both the ventricle, compared
with the basal half.
The bundle branches and the peripheral ventricular conduction system including the purkinje
fibers take origin form the ventricular trabeculations. This entire is insheathed within the fibres
tissue of the trabeculations system. This is to be noted here that the AV node including the
bundle of HIS is formed in the left wall of the sinus venosus, and in the AV canal. After the
sinus venous is absorbed, AV node is near the interatrial septum and bundle of HIS lies over
the ventricular septum crest.
The ventricular system is enriched with the interwoven network of purkinje fibers..
The fast conducting ventricular conductive system in insheathed by the fibrous covering and it
exhibits some aspects of the nodal phenotype characteristics–poor contractile striations, fewer
sarcomeres, more glycogen storage with latent automaticity (Non-contractile conductive system)

Concluding remark
The basic concept of embryologically evolving cardiac conductive unit would be a great helpful
to analyse the electrophysiological events on ECG. It is to be noted here that the alternative
arrangement of slow and fast conductivity signals dictates that the downstream ventricular
segment should not come to contract before the termination of the upstream impulse causing the
contraction of the atrial segmentation.

Further suggested reading
1. Development and function of the Cardiac Conduction System in health and disease –
Davids. Park and Glen I. Fishman – www.nebi.nlm.gov (Journal of Cardiovascular
development and disease) – multidisciplinary digital publishing Institute (MDPI).
2. Development of the Cardiac Conduction System |Arrhythmia and Electrophysiology – by
VM Christoffels 2009 – www.ahajournals.org
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CONGENITAL HEART DISEASE ON ECG :
A FUNDAMENTAL APPROACH
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

ABSTRACT
BSTRACT
The birth percentage of congenital heart disease in India is about 9 per thousand , and
more than 2 lakhs per year. About 20% of the affected population is likely to have a
serious defect, needing an intervention in the first year of life. Their lives can be
saved by timely diagnosis with appropriate intervention.
ECG interpretation may provide a first bed-side diagnostic clue in the suspected cases
with congenital heart disease.
There are certain important diagnostic clues on ECG hinting towards the diagnosis of
congenital heart disease and this becomes a need for a clinician to recognise them. A
simple outline based on ECG findings is illustrated as below.
Chamber hypertrophy : usually RVH with systolic overload , + left ventricular diastolic
overload, + atrial enlargement.
Mean frontal QRS axis : Right / Left axis deviation
Clockwise / counterclockwise rotation
Pattern of QRS & T over precordial leads.
Miscellaneous findings
Keeping the sketch of hexagonal limb system in mind is essential in this context.

Fig. 1.1

Hexagonal Lead System
Always have the view of chest radiology and cardiac echo of the concerned patient.
Always refer the case to the cardiologist.
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OUTLINE

Introduction
Aims and objectives
Applied cardiac embryology
Embryological based classification of congenital heart disease
Classification of congenital heart disease
Interpreting the ECG having suspicion of congenital heart disease
Consideration over the horizontal plane (chest leads)
Some important diagnostic clues on ECG
Illustrating some interesting ECGs of Congenital Heart Diseases
Concluding remark
Further reading suggested
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CONGENITAL HEART DISEASE ON ECG : A FUNDAMENTAL APPROACH
DR. D.P. KHAITAN
MD (MEDICINE) FCGP (IND) FIAMS (MEDICINE) FICP

Introduction
Even today ECG remains a useful screening tool in the assessment of children with suspected
congenital heart disease. This ECGpedia may also be used to monitor the severity and
progression of certain congenital heart diseases. A normal ECG in a child with a normal
physical examination may prove itself assuring as to the absence of structural heart
abnormality

Aims and objectives
To review ECG abnormalities in congenital heart disease pointing towards its diagnosis and
to access its reliability towards the disease severity, as well.

Cardiac applied Embryology
The important concerned steps are illustrated with the following sketch :
Outflow tract

Interatrial
septum
Truncus arteriosus
Bulbus cordis
Primitive ventricle

Primitive atrium
Sinus venosus

Fig. 1.2

Inflow tract

Embryological primitive heart

Tricuspid
valve

Trunco pulmonary

Mitral
valve

Interventricular
septum
'Embrological cross zone' of cardiac
malformation
Horizontal bar from right to left
Tricuspid valve, Truncopulmonary
segment, Mitral valve
Vertical bar
Adjoining interatrial septum and
interventricular septum

Embryological based classification of Congenital Heart Disease
Truncopulmonary anomalies Tetralogy of Fallot , Double outlet right ventricle, Transposition of great arteries.
Right-sided defects Ebstein's anomaly , Pulmonary stenosis / atresia with intact interventricular septum or
with VSD, VSD alone or with other anomalies, Tricuspid atresia
ASD alone or in combination with other anomalies.
Miscellaneous : Mirror image dextrocardia
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Classification of congenital heart disease
I.

II.

III.

Pulmonary stenosis and associated anomalies
Isolated pulmonary stenosis with intact septa or with VSD
Tetralogy of Fallot
Pulmonary atresia
Double outlet right ventricle
Left to Right Shunts
Atrial septal defect (ASD)
- Ostium secundum defect with or without pulmonary hypertension
- Ostium primum defect and associated potential endocardial cushion
defect
- Sinus venosus defect
- Atrial septal defect with reversed shunt – Eisenmenger’s syndrome
Ventricular septal defect (VSD)
- Isolated ventricular septal defect with left to right shunt
- Isolated ventricular septal defect with right to left shunt
(Eisenmenger’s syndrome)
Patent ductus arteriosus (PDA)
Some miscellaneous congenital defects
Mirror image dextrocardia
Corrected transposition of the great vessels
Ebstein's anomaly
Tricuspid atresia

Basic ECG changes in congenital heart diseases
It is always useful to search out the chamber enlargement with associated T wave
changes , axis deviation and the rotation pattern of the heart and then to see how can
these abnormalities be collaborated into a specific subset of congenital heart disease. By
further narrowing down of the diagnosis one can reach to the portrait of a congenital heart
disease. At this juncture , it would also be helpful to notice the presence of cyanosis or its
absence with associated clinical findings. One should not hesitate to have the shelter of
cardiac echo and other investigations to confirm the diagnosis and always refer the case
to a cardiologist.
Congenital heart diseases usually result in cardiac chamber enlargement - ventricular
+ atrial. In the majority of the cases there is mainly involvement of the right
ventricular chamber - right ventricular hypertrophy with systolic overload associated
with secondary atrial enlargement abnormality.
As per relative dominance of right ventricle hypertrophy with systolic overload + left
ventricular hypertrophy with diastolic overload , the cardiac QRS axis may be shifted
rightwards or leftwards. In the majority of the cases , there is a right ventricular
hypertrophy with shift towards rightward direction (right axis deviation). At times ,
the QRS axis may be directed upward suggestive of superior left axis deviation.
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In most of the congenital heart diseases , deviation of frontal P wave axis to the right
of + 700 is uncommon.
The more is the right ventricular systolic overload, the more would be deeply
inverted and sharply pointed T waves over right precordial leads. In left
ventricular diastolic overload , instead of T being inverted it would be upright
prominent T with initial q in preceding QRS complexes in the concerned leads.
Rotation - Whenever there is a considerable right ventricular hypertrophy with
systolic overload , the rotation would be in clockwise direction , most possibly due to
leftward extension of the enlarged right ventricle.
With a considerable left ventricular hypertrophy with diastolic overload the rotation
may be counterclockwise.

Interpreting the ECG having suspicion of congenital heart
disease.
CHAMBER HYPERTROPHY
RVH with systolic overload
(over right precordial leads)
Associated T changes discussed below.

rSr' - Crista supraventricularis pattern ;
rSR' - right ventricular outflow tract hypertrophy ;
rR'/qR of RVH

LVH with diastolic overload
(over left precordial leads)
Associated T changes discussed below.

qR complex (deep narrow initial q with
prominent tall R wave)
Concave-upwards with slightly elevated ST
segments.
Upright peaked T wave.

Atrial enlargement

RAE : Peaked P with >2.5 mm in inferior leads
and such P >1.5 mm over V1 and V2.
LAE : Bifid P with >40 ms within two peaks
(P mitrale) and biphasic P with terminal negative
portion > 40 ms duration and >1 mm deep

Left ventricular hypertrophy with systolic overload may be seen in congenital aortic stenosis.
T WAVE MORPHOLOGY
With Right Ventricular Systolic Overload :
T wave ( the extent of depth with sharpness of T inversion would depend upon the severity and
extent of ventricular hypertrophy).
WithDETERMINATION
Left Ventricular Diastolic Overload :
AXIS
Prominent upward T with initial q of QRS complex indicates left ventricular hypertrophy with
diastolic overload.
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Since the majority of the cases are being RVH with systolic overload , there is usually right
axis deviation. Even with marked pulmonary stenosis the frontal electrical axis rarely exceeds
more than 1500. In pulmonary stenosis associated with axis deviation to the right superior
quadrant (North-west region) , it points towards the co-association of ASD or VSD in such
cases.
Left axis deviation usually points towards predominant left ventricular enlargement.

In most congenital heart diseases ,
deviation of the frontal P wave axis to the
right of +700 is uncommon.

THE DETERMINATION OF ROTATION
Clockwise / Counterclockwse

Miscellaneous findings

Consideration over the horizontal plane (chest leads)
With the electrocardiographic signs of arm leads reversal on frontal plane, one should
try to exclude mirror image dextrocardia (true dextrocardia) by observing the chest
leads for reverse QRS pattern (the QRS complex being tallest in lead V1 and
diminishing progressively towards lead V6).

Limbs reversal : Reversed P, QRS & T in lead I and the mutual reversal over aVL
and aVR + reverse QRS pattern in precordial leads.
Corrected transposition of the great vessels :
Transposed ventricles : left side having the architecture of right ventricle and the right
side having the architecture of left ventricle with the aorta arising from the left sided
morphological right ventricle and the pulmonary artery arising from the right sided
morphological left ventricle.
Ventricular depolarisation over the chest lead is the reverse of the normal - right
oriented lead
with qR such
complex
and inseptal
lead V6
with ,rSventricular
complex. septal defect and
Associated
anomalies
as atrial
defect
An initialstenosis
Q wave are
is nearly
always absent in lead I.
pulmonary
common.
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Ebstein's Anomaly :
Tricuspid valve is malformed and displaced distally into the right ventricle,
incorporating part of the right atrium into the right ventricle (atrialization of the
right ventricle) resulting in a hypoplastic right ventricle.
This anomaly may be associated with predominant Tricuspid stenosis + Tricuspid
regurgitation.
MHimalayan P wave (amplitude > 5 mm) with prolonged PR interval due to
prolonged conduction through the large right atrium.
The large right atrium pushes the right ventricle anteriorly and left ventricle
posteriorly . The unusual posed hypoplastic right ventricle in front and left
ventricle posteriorly results in a bizarre QRS complex over the precordial leads
(QRS complexes are splintered and bizarre) with RBBB - like pattern or bizarre in
nature , not characteristic of any abnormal intraventricular conduction with a
considerable low amplitude. The prominent Q wave over right precordial leads
forms an important characteristic of Ebstein's anomaly. (Here Q waves are
considered to reflect fibrotic thinned right ventricular free wall and / or septal
fibrosis with accompanying left posterior hemiblock).

The mean frontal QRS axis is directed to the right and inferiorly. Left axis
deviation is the feature of associated pre-excitation.
Arrhythmias - Ebstein's anomaly is the only congenital malformation
consistently associated with pre-excitation commonly via right bypass
tract (Type B - WPW).
Supraventricular tachyarrhythmias may be observed.
Ebstein's anomaly may be associated with right to left shunt through ASD.
Tricuspid atresia :
Here the tricuspid valve is usually hypoplastic imperforate (atretic) – with hypoplastic
right ventricle. There may be associated ASD and VSD. (The venous right atrial
blood flow left atrium through ASD
left ventricle
right ventricle through
VSD
Pulmonary circulation , thus maintained).
The diagnosis of Tricuspid atresia on ECG is suggested by the association
of right atrial enlargement or biatrial enlargement with left axis deviation
and / or left ventricular hypertrophy (diastolic overload).
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Some important diagnostic clues on ECG
1) The leftward frontal plane axis might suggest the presence of an ostium primum
atrial septal defect, AV canal , or tricuspid atresia.
2) Right ventricular systolic overload with right atrial enlargement associated with
widespread (V1 to V5) deeply inverted and pointed T waves might suggest isolated
pulmonary stenosis with intact septa.
3) Tetralogy of Fallot - Right ventricular hypertrophy with systolic overload associated
with T wave inversion limited to V1 only. Uncommonly , right ventricular pressures
are very high , the T wave inversion may be somewhat more widespread and may be
reflected over V1-V3) + with prominent peaked P waves.
4) Atrial septal defect (ASD)
Ostium Secundum
Incomplete right bundle branch block with crochetage sign in inferior leads
(notch near the apex of R wave termed as ‘crochetage’) , observed in nearly
75% of such patients.
(In ostium secundum ASD dilatation of the right atrium (volume overload) and
hypertrophy of the crista ventriuclaris – rSR’ pattern over V1. The volume overload
of right ventricle may be followed by hypertrophy of its free wall).
Ostium Primum
The combination of ECG pattern of secundum defect with left axis deviation , it
points to the defect of primum type or common atrio-ventricular canal (the left axis
deviation is more marked even to the region of left superior quadrant in common
atrioventricular canal with features of biventricular hypertrophy as a result of left
ventricular overload).
Sinus venosus defect
A deficiency of the common wall between the superior vena cava (SVC) and the right
sided pulmonary veins. The ECG findings include left axis devation of P wave with
its inversion in leads III and aVF due to its ectopic pacemaker. Rest of the ECG
finding are shared with those of ostium secundum defect type.
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Atrial septal defect with reversed shunt – the Eisenmenger’s syndrome
With evolution to pulmonary hypertension, there is an increase in right atrial pressure
due to gradual rising of right ventricular pressure as a result of systolic overload
the combined right atrial + right ventricular hypertrophy with marked right axis
deviation (cyanosis comes in view due to right to left (R L) shunt.
5) Isolated ventricular septal defect with left-to-right shunt
Left ventricular diastolic overload , left atrial enlargement
added right ventricular
systolic overload and left atrial abnormality with the evolution of secondary
pulmonary hypertension (the Kartz-Wachtel phenomenon : the right ventricular
systolic overload and left ventricular diastolic overload combined together sets in
large-amplitude equiphasic QRS complex in the mid-precordial leads – it is more
frequently seen with ventricular septal defect than with any other congenital anomal
giving rise to left ventricular diastolic overload in addition. The phenomenon is an
expression of the biventricular hypertrophy. This is characteristically seen in VSD
which is complicated by pulmonary hypertension).
6) VSD right to left shunt (Eisenmenger complex) - Right ventricular systolic overload
dominates the electrocardiographic from early infancy (R , qR or rR complexes in
lead V1), Right axis deviation and Right atrial abnormality.
7) Patent Ductus Arteriosus (PDA)
The Ductus Arteriosus is a connective vascular link in between the pulmonary trunk
and aorta distal to the origin of left subclavian artery. It is basically acyanotic heart
disease with left to right shunt (L R). Due to the pressure gradient between aorta and
the pulmonary artery throughout the cardiac cycle , the following changes are
observed on ECG.
Left ventricular and left atrial enlargement due to diastolic volume overload
with
large PDA , and elevation of pulmonary vascular pressure with right ventricular
hypertrophy reversal of the shunt (R L) leading to Eisenmenger’s syndrome.
8) Abnormalities of atrioventricular (AV) conduction might suggest ventricular
inversion, whereas ventricular pre-excitation suggests the possible association of
Ebstein's anomaly in the appropriate clinical circumstance.
9) Himalayan P waves
It is tall ‘P’ wave (>5mm) in amplitude , most prominently seen in inferior leads and
V1. Sometimes it may exceeds the QRS complex in height. These changes are
indicative of gross right atrial enlargement. These waves are classical for an Ebstein’s
anomaly , also reported in tricuspid atresia and combined tricuspid and pulmonary
stenosis.
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Illustrating Some Interesting ECGs of Congenital Heart Disease
ECG No. 1

Source : Prof. Dr. Narendra Kumar, FRCP, FESC, FACC.
ECG Findings
I.
II.
III.

Prominent P- pulmonale - peaked with P axis = +700 indicating marked right
atrial enlargement (with no negative component in lead V1).
Tall R in V1 (25 mm) with Rs pattern with marked right axis deviation (+170 0)
with marked clockwise rotation.
Deeply inverted and sharply pointed T waves - widely spread over the precordial
leads (being prominent over V1-V3).

Interpretation
Right ventricular hypertrophy due to systolic overload + Prominent right atrial
enlargement = pulmonary stenosis (Deeply inverted and sharply pointed T
waves - widely spread over the precordial leads - more marked V1-V3 , with
clockwise rotation : suggestive of leftward extension of the right ventricle
indicating right ventricular hypertrophy with systolic overload , most possibly
due to pulmonary stenosis.
Rs pattern with R in V1 >20 mm associated with mean plane frontal QRS axis >
1100 points towards severe pulmonary stenosis.
Even with severe pulmonary stenosis , the mean frontal QRS axis rarely deviates
further to the right than + 1500 . With QRS axis (+1700) there exists the
possibility of associated anomalies such as ASD or VSD.
Echo report : Cynotic heart disease (VSD with severe PS with ? DTGA)
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ECG No. 2 (5 years old boy admitted in neurology unit for suspected brain abscess)

Source : CME INDIA , Dated - 01.02.2020 by Dr. Vijaya Lakshmi ji , Bangalore. She is
known as mother of Paediatric echo in India.
ECG Findings
I.
II.
III.

Prominent P- pulmonale - peaked with axis +600 (most prominent in lead II) with
no terminal component = suggestive of right atrial enlargement .
R wave exceeding 20 mm in V1 with right axis deviation (+170 0) with transition
zone being at V5.
T inversion over precordial leads is restricted to only V1 with ST changes over
V1-V3.

Interpretation
Right atrial enlargement + marked right ventricular hypertrophy due to systolic
overload with the presence of T inversion restricted to V1 only indicates
somewhat different pathology as discussed under ECG No. 1 , possibly TOF.
As per cardiac echo report : TOF (Tetralogy of Fallot) with pulmonary atresia
with right sided aortic arch.

Chest radiology
This shows boot shaped heart due to gross RVH
and empty pulmonary bay with right aortic arc
(25% of pulmonary atresia rtAA) with olegemia
and lacy reticular appearance due to collaterals.
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ECG No. 3

Source : Dr. Vikash singh , DM (Cardiology) - Patna

ECG Findings
I.
II.

Incomplete RBBB with T inversion ( V1-3) associated with clockwise rotation.
Crochetage sign - inferior leads

Interpretation
Incomplete RBBB + crochetage sign = ASD secundum.
Crochetage sign - M-shaped pattern involving initial 80 ms of the QRS complex
in inferior leads is also known as Crochetage sign (JAPI)
https://www. japi.org/y2e4c4/crochetage-sign
The sensitivity and specificity of crochetage sign is 92-100% in inferior leads for
ASD secundum.
The cause of the incomplete RBBB is most likely due to the lengthening of the right
bundle branch as a result of the right ventricular dilatation.
The crochetage sign indicates the severity of atrial septal defect - its incidence increases
with larger anatomical defect , even in the presence of pulmonary hypertension but the
underlying pathophysiology still remains unknown.
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ECG No. 4
(A young female)

Source : Dr. Dina Nath kumar , DM (Cardiology) , Gaya
ECG Findings
I.
II.
III.

R pattern in V1 with mean frontal QRS axis = +1300 indicates right ventricular
systolic overload.
Counter-clockwise rotation points towards left ventricular enlargement.
P wave terminal component in V1 exceeding 0.04 sec points towards left atrial
enlargement.

Interpretation
The combination of right ventricular hypertrophy with systolic overload with
counter-clockwise rotation (indicating associated left ventricular enlargement) in
this young female points towards VSD with right to left shunt - Eisenmenger
complex ( confirmed on cardiac echo).
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ECG No. 5

Source : Global Heart Rhythm Forum Dated - 17.09.2020 by Dr. Bhanu Pratap singh ,
MD (Medicine) , Siwan (Bihar)
ECG Findings
I.
II.

Negative QRS and T with isoelectric P (lead I) in the presence of reversal of the
polarity of arm leads.
rS pattern from V1-V6
(Rhythm disturbance +nt on this ECG is not discussed here).
A case of true dextrocardia

Interpretation
ECG findings discussed above + evident dextrocardia on chest radiology = true
dextrocardia.
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ECG No. 6

Source : Global Heart Rhythm Forum Dated - 13.02.2020 by Dr. Xhahmeer
ECG Findings
I.
II.
III.

Himalayan P wave
Mean frontal QRS axis = -1100 (superior axis)
Precordial leads Q pattern from V1 to V3 with q rS pattern, from V4-V6 in
the presence of negative delta wave with somewhat prolongation of QRS in leads
V1-V3.

Interpretation
The presence of 'Himalayan P' wave associated with prominent initial Q/q over
precordial leads (V1-V6) with negative delta waves over right precordial leads
with left axis deviation is very much suggestive of Ebstein's anomaly associated
with pre-excitation (Type B WPW).
Ebstein's anomaly is a rare congenital defect of tricuspid valve wherein the
tricuspid valve is malformed and displaced distally into the right ventricle. A Part
of the right ventricle is consequently incorporated into the right atrium - termed
'atrialization of the right ventricle' which results in a hypoplastic right ventricle.
(The large right atrium pushes the right ventricle anteriorly and left
ventricle posteriorly. This explains the presence of dominant initial Q/q over
precordial leads. The prominent Q/q wave over precordial leads forms an
important characteristic of Ebstein's anomaly).
Left axis deviation is the characteristic of Ebstein's anomaly associated
with pre-excitation.
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Concluding remark
During recent years , paradigm shift has emerged in the management of congenital heart
disease , saving the lives of such children from earlier mortality and life-long morbidity. This
becomes essential to have the primary knowledge of congenital heart diseases with the
preliminary insight of its ECG interpretation. This article has focused upon the fundamentals
of ECGs concerned with congenital heart diseases.

Further reading suggested
1. CHOU'S ELECTROCARDIOGRAPY IN CLINICAL PRACTICE (Sixth Edition),
P- 671-689
2. LeoSchamroth An introduction to Electrocardiography (Eighth Adapted Edition),
P - 173-188
3. Electrocardiography – A Revisit- Editor Dr. O.P. Yadava (First Edition , 2007) –
Electrocardiography in Congenital Heart Diseases ( Dr. Munesh Tomar and
S. Radhakrishnan) , P 152-191

CONOTRUNCAL ANOMALIES :
A BASIC CONCEPT
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ECG
CONOTRUNCAL ANOMALIES : A BASIC CONCEPT
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

SYNOPSIS
Introduction

Conotruncal anomalies are congenital malformations of the
infundibulum (conus arteriosus) and the great arteries (truncus
arteriosus) that have abnormal ventriculo-arterial alignment and
connection.
Due to existing foetal circulation, these are well tolerated in utero.
Affected infants present with acute hypoxia and cyanosis within first
few days following delivery. With the aid of utero ultrasound most of
these are detected prenatally.

Anatomical
consideration

Conotruncal
septum
Truncus
arteriosus
(Truncus)
Conus
arteriosus
(conus)
Interventricular
septum
CONOTRUNCAL REGION

Conotruncus is the outflow region of the developing heart. It consists of
two myocardial subsegments :
Conus (Conus arteriosus) : refers to the ventricular outflow
segment - (the region inferior to the aortic and pulmonary
valves).
Truncus (Truncus arteriosus) : embryological precursor of great
vessels (pulmonary artery and aorta) - the most distal part of the
developing cardiac outflow tract.
.

(grey-shaped area)

Conotruncal embryology
Conotruncal septation divides the conotruncus region in two
separate halves – with a perfect ventriculo-arterial alignment.
Ostium conus in alignment with the respective left ventricle
and the right ventricle with their valves.
Shortening of the conus with the equivalent lengthening of
the aorta and the pulmonary vessels (more with aorta than
pulmonary vessesls)– rotation of the truncus seems to be
occurring for accommodating the resultant lengthening of the
aorta and the pulmonary vessels.

Embryologically , there may be the possibility of
a
comparatively further shorter conotruncal region. Ward et al.
(2005) and Ward & Kirby (2006) stated that a shorter outflow
tract did not allow a normal Conotruncal septation .
Since the right ventricular chamber is lower pressure chamber ,
the main burnt of the shorter conotruncal region is thrown
over the right ventricle resulting in associated hypoplasia and
underdevelopment of the pulmonary infundibulum causing
infundibulo-pulmonary stenosis.
The abnormal ventriculo-arterial alignment with the great
vessels (pulmonary artery and aorta).

Embryological
pathogenesis
Blood out-flow
(arterial)

Shorter conotruncal
region
(Grey-shaded area)
Infundibulo-Pulmonary
stenosis
RT ventricular
systolic overload

Main conotruncal
anomalies

Association

o

Failure of septation of the embryonic truncus arteriosus.
Persistent truncus arteriosus / aortopulmonary window

o

Malrotation
of
trunco-bulbar
septation
causes
misalignment of septum with overriding of aorta over VSD
Tetralogy of Fallot

o

Arrest of the proximal and distal conus rotation leading to
transposition of the great vessels associated with inversion
of both the ventricles from its usual sites.
Corrected transposition of the great vessels

o

Abnormal connection between the muscular ventricular
septum and the conus septum causing both subaortic flow
and pulmonary flow path from the right ventricle
Double outlet right ventricle

o

Interrupted aortic arc

These class of defects is frequently found in patients with 22q11.2
deletion syndrome (DiGeorge syndrome). The expression of this
deletion is manifested by depressed nasal bridge with narrower nostrils
along with high frequency of facial and thymic disorders.

Persistent truncus
arteriosus/
aortopulmonary window
ECG changes
Pulmonary plethora
Pulmonary vascular
resistance
RT ventricular
systolic overload
Pulmonary plethora
LT ventricular diastolic overload

1.
2.
3.
4.

Dominant right ventricular hypertrophy
Left ventricular diastolic overload.
Right atrial enlargement , possible left atrial enlargement.
Right axis deviation with clockwise rotation (the axis may be
normal or leftwards when increased pulmonary blood flow
overloads the left ventricle).
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Tetralogy of Fallot
Overriding aorta

H

PS = Pulmonary stenosis

The left atrium and left
ventricle remain rather
underfilled because right
ventricle mainly pushes
the blood into the aorta ,
rather than into the
lungs due to associated
pulmonary stenosis.

ECG changes
1. The electrocardiographic manifestations of right
ventricular systolic overload are usually present in lead
V1 only. Right ventricular hypertrophy with systolic
overload associated with T wave inversion limited to V1
only. A sudden change in amplitude of R wave (a tall R
wave with a slur or notch or entirely monophasic) in
lead V1 to V2 (marked diminution of the tall R wave,
resulting in an RS, complex or even an rS complex) is
characteristic of tetralogy of Fallot.
2. Right atrial enlargement : P pulmonale with peaked P wave
but the duration may be short because , the left atrium is
underfilled and relatively small.
3. Frontal plane QRS axis is downwards and to the right in
the region of +900 clockwise to +1500 ( a right superior
axis with SI, SII, SIII pattern attributed to an associated
left anterior hemiblock).
4. Usually clockwise rotation
5. No RBBB pattern inspite of presence of VSD

Corrected transposition
of the great vessels
ECG changes
1. Ventricular depolarisation over the chest lead is the
reverse of the normal - right oriented lead with qR
complex and in lead V6 with rS/RS complex.
The
ventricles
are
transposed ( the right sided
ventricle morphologically
resembling left ventricle having
thicker
wall
with mitral valve and
the left sided ventricle
morphologically resembling
right ventricle - having thin
wall with a tricuspid valve).
The aorta arises from the
right sided posed ventricle
and the pulmonary artery
arises from the left side
posed ventricle.

An initial q wave is nearly always absent in lead I and left
precordial leads (septal activation occurs from right to left)
2. Since the right sided ventricle (left ventricle) is electrically
dominant , QRS axis would be oriented to the right and
inferiorly.
3. T wave vector is oriented to right and anteriorly , therefore
T wave would be upright in all precordial leads but it will
be taller in lead V1 than V6.
4. Rhythm and conduction disturbances usually sinus rhythm
+ supraventricular arrhythmia or even the pre-excitation
syndrome. All grades of AV block are common.
AV block in association with a cyanotic congenital
heart disease in an infant or a child should immediately
arouse the suspicion of congenitally corrected
transposition of the great vessels.
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Double outet right
ventricle

1. Aorta over-rides with
more than 50% into
the right ventricle - so
both great arteries
arising
from
the
morphological
right
ventricle.
2. Side
by
side
relationship of both
great arteries.
3. Presence of subaortic
conus results in aortomitral discontinuity
4. VSD works as left
ventricular
outflow
tract.

ECG changes
DORV with pulmonary stenosis with subaortic
VSD - commonest
1. Pulmonary
stenosis
(right
ventricular
hypertrophy is obligatory due to the presence of
aortic outflow in the same chamber) with
rightwards axis deviation
Right atrial
enlargement with PR interval prolongation.
2. Counter clockwise depolarization pattern in
spite of the severe pulmonary stenosis is the
most characteristic features and the Q wave
in lead V1 and aVL are virtually diagnostic.
3. Rarely LVH pattern due to restrictive VSD.

OUTLINE
Introduction
Anatomical consideration (detailing)
Conotruncal embyology
Embryological pathogenesis
Main conotruncal anomalies
Association
Comments on individual conotruncal anomaly with ECG changes
Concluding remark
Further reading suggested
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CONOTRUNCAL ANOMALIES : A BASIC CONCEPT
DR. D.P. KHAITAN
MD (MEDICINE) FCGP (IND) FIAMS (MEDICINE) FICP
‘O’ the existing foetal circulation , thou are the protector of life , the conotruncal anomalies
are well tolerated in utero. Most of the affected infants though come with the conscious
embracing of life but they usually present with acute hypoxia and cyanosis within the first
few days following delivery. Salutation to the modern technology - with the aid of utero
ultrasound , most of these are detected prenatally.

Introduction
Conotruncal anomalies are congenital malformations of the infundibulum (conus
arteriosus) and great arteries (truncus arteriosus) that have abnormal ventriculoarterial alignment and connetion.
Conotruncus – The conotruncus is the outflow region of the developing heart.
Conus arteriosus

Truncus arteriosus

Conus (Conus arteriosus) – Inferior to the aortic and pulmonary valves.
Truncus (Truncus arteriosus) - The truncus arteriosus gives rise to the ascending aorta
and the pulmonary trunk.

blood out-flow
(arterial)

Conotruncal septum
truncus
arteriosus (Truncus)
Conotruncus
region

Pul./Aortic valves
P

A

Conus arteriosus
(conus)

Conoventricular canal
RV

Fig. 1.1

LV

Interventricular septum

CONOTRUNCAL REGION
(grey-shaded area)
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Anatomical consideration (detailing)
Conotruncus is the outflow region of the developing heart. It consists of two myocardial
subsegments :
Conus (Conus arteriosus) : refers to the ventricular outflow segment - (the region
inferior to the aortic and pulmonary valves).
Truncus (Truncus arteriosus) : embryological precursor of great vessels (pulmonary
artery and aorta) - the most distal part of the developing cardiac outflow tract.
Conotruncal region in divided by conotruncal septum into two separate halves.

blood out-flow
(arterial)

blood out-flow
(arterial)

truncus
arteriosus (Truncus)
bulbus
cordis (Conus)

Primitive valvular
region
conoventricular
canal

Primitive
ventricle

atrioventricular
canal

Primitive
atrium
Sinus
Venosus

truncus
arteriosus (Truncus)

Pul. /Aortic valves
bulbus
cordis (Conus)

conoventricular
canal (ostium bulbi)

Primitive
ventricle

atrioventricular
canal

Primitive
atrium
Sinus
Venosus

blood in-flow
(venous)

Embryonic heart tube showing
Conotruncus region
Fig. 1.2

Conotruncal
septum

blood in-flow
(venous)

Conotruncal septum dividing Conotruncus
into two separate halves
Fig. 1.3
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Conotruncal embryology
In brief
Conotruncal septation divides the conotruncus region in two separate halves –
with a perfect ventriculo-arterial alignment.
Ostium conus in alignment with the respective left ventricle and the right
ventricle with their valves.
Shortening of the conus with the equivalent lengthening of the aorta and the
pulmonary vessels (more with aorta than pulmonary vessesls)– rotation of the
truncus seems to be occurring for accommodating the resultant lengthening of
the aorta and the pulmonary vessels.
1) Conotruncal septation : This conotruncal septation divides the conotruncus into
two separate halves. There are 2 conal cushions and 4 truncal cushions , as
illustrated by the following sketch.
Dextro-superior

Dextro-superior
Intercalated

Intercalated

Fig. 1.4

Sinistro-inferior

Sinistro-inferior

CONAL CUSHIONS

TRUNCAL CUSHIONS

This conotruncal septation is the result of upward prolongation of the fused cushions of
both conal and truncal segments. Thus , the resulting septation from both truncal and
conal cushions are perfectly aligned with no line of demarcation.
The intercalated cushions of truncal segment are responsible for pulmonary and
aortic valves on either side respectively.

Conotruncal septum
truncus
arteriosus (Truncus)
Pul./Aortic valves
P

A

Conus arteriosus
(Conus)

Conoventricular canal
RV

Fig. 1.5

LV

Interventricular septum

CONOTRUNCAL REGION
(grey-shaded area)
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2) The further inversion of ostium conus with the rotation of the truncus arteriosus
with intact conotruncal septum is done in two stages
State I - Inversion of ostium conus at the same time of looping of the heart tube
causes the anatomic concordance between the left ventricle and the
proximal aortic conus.
State II - Rotation of the truncus after the formation of the aortopulmonary septum
between two great blood vessels but keeping the semilunar valves in position
to the respective corresponding sites to make the anatomical alignment with
the great vessels .

Aorta

Aorticopulmonary
septum

Pulmonary trunk

Aorta
Pulmonary
artery

Fig. 1.6

Aorticopulmonary septum

A

B

3) Shortening of Conus
The proximal conus is absorbed and the remaining distal conus gets incorporated into
the ventricles to have continuity with it.
Shortening of the conus with the equivalent lengthening of the aorta and the pulmonary
vessels .
( Rotation of the truncus seems to be occurring for accommodating the resultant
lengthening of the aorta and the pulmonary vessels ).
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Embyrological pathogenesis
Embryologically , there may be the possibility of a comparatively further shorter
conotruncal region. Ward et al. (2005) and Ward & Kirby (2006) stated that a
shorter outflow tract did not allow a normal Conotruncal septation .
Since the right ventricular chamber is lower pressure chamber , the main burnt of the
shorter conotruncal region is thrown over the right ventricle resulting in associated
hypoplasia and underdevelopment of the pulmonary infundibulum causing
infundibulo-pulmonary stenosis.
The abnormal ventriculo-arterial alignment with the great vessels (pulmonary artery
and aorta).

o

Interrupted aortic arc

o

Failure of septation
(PTA/aortopulmonary window)
Malrotation of the trunco-bulbar
septation (TOF)
Arrest of the proximal and distal conal
rotation (corrected transposition of the
great vessels)
Abnormal connection between the
muscular ventricular septum and the
conus septum (DORV)

o
o

o

Fig. 1.7

RT ventricular
systolic overload

Main conotruncal anomalies
o

Failure of septation of the embryonic truncus arteriosus.
Persistent truncus arteriosus / aortopulmonary window

o

Malrotation of trunco-bulbar septation causes misalignment of septum with
overriding of aorta over VSD
Tetralogy of Fallot

o

Arrest of the proximal and distal conal rotation leading to transposition of the
great vessels associated with inversion of both the ventricles from its usual
sites.
Corrected transposition of the great vessels

o

Abnormal connection between the muscular ventricular septum and the
conus septum causing both subaortic flow and pulmonary flow path from the
right ventricle
Double outlet right ventricle

o

Interrupted aortic arc
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Association
These class of defects is frequently found in patients with 22q11.2 deletion syndrome
(DiGeorge syndrome). The expression of this deletion is manifested by depressed nasal
bridge with narrower nostrils along with high frequency of facial and thymic disorders.

Comments on individual conotruncal anomaly with ECG changes

Persistent truncus arteriosus / aortopulmonary window
Embryonic defect - The failure of septation of the embryonic truncus arteriosus either
completely or partially.
Haemodynamic alterations - There is shunting of blood from aorta (high pressure
vessel) to pulmonary artery (lower pressure vessel) resulting in pulmonary plethora.
With a large shunt there will be a rapid rise in pulmonary vasicular resistance , which
causes right ventricular systolic overload and left ventricular diastolic overload.
(Persistence Truncus Arteriosus is always associated with a ventricular septal defect. At
times VSD results in complete absence of interventricular septum converting the cardiac
system into a single ventricle).

Pulmonary Plethora

pulmonary vascular resistance
RT ventricular systolic overload

Pulmonary Plethora

P

A

RV VSD LV

LT ventricular diastolic overload

Fig. 1.8
ECG changes
1. Dominant right ventricular hypertrophy
2. Left ventricular diastolic overload.
3. Right atrial enlargement , possible left atrial enlargement.
4. Right axis deviation with clockwise rotation (the axis may be
normal or leftwards when increased pulmonary blood flow
overloads the left ventricle).
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Tetralogy of Fallot
Embryonic defect
Malrotation of trunco-bulbar ridge causes misalignment of septum with overriding of
aorta over VSD.
There is associated hypoplasia and underdevelopment of the pulmonary infundibulum
causing infundibular pulmonary stenosis, as well.
Overriding aorta

PS
VSD

RVH

Fig. 1.9
Haemodynamic alterations - The pulmonary stenosis (frequently infundibular)
obstructs the flow of blood from right ventricle to pulmonary artery leading to right
ventricular hypertrophy. Here the right ventricular and left ventricular pressures are more
or less equal and both push its blood contents into over-rided aorta at the level of VSD.
The left atrium and left ventricle remain rather underfilled because right ventricle mainly
pushes the blood into the aorta , rather than into the lungs due to associated pulmonary
stenosis.
ECG changes
1. The electrocardiographic manifestations of right ventricular systolic
overload are usually present in lead V1 only. Right ventricular
hypertrophy with systolic overload associated with T wave inversion
limited to V1 only. A sudden change in amplitude of R wave (a tall R
wave with a slur or notch or entirely monophasic) in lead V1 to V2
(marked diminution of the tall R wave, resulting in an RS, complex or
even an rS complex) is characteristic of tetralogy of Fallot.
2. Right atrial enlargement : P pulmonale with peaked P wave but the
duration may be short because , the left atrium is underfilled and relatively
small.
3. Frontal plane QRS axis is downwards and to the right in the region of
+900 clockwise to +1500 ( a right superior axis with SI, SII, SIII pattern
attributed to an associated left anterior hemiblock).
4. Usually clockwise rotation
5. No RBBB pattern inspite of presence of VSD
(when, uncommonly , right ventricular pressures is very high , the T wave inversion
may be somewhat more widespread and may be reflected even over V1-V3) + with
prominent peaked P waves.
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Corrected transpositon of the great vessels
Embryonic defect
Arrest of the proximal and distal conal rotation leading to transposition of the great
vessels associated with inversion of both the ventricles from its usual sites.
The aorta arises from the right ventricle (morphologically resembling LV) and the
pulmonary artery arises from the left ventricle (morphologically resembling RV).

A

P

VSD
LV
RV

Fig. 2.0
Morphologically resembling LV

A = Aorta
P = Pulmonary artery

Morphologically resembling RV

Haemodynamic alterations The ventricles are transposed ( the right sided ventricle morphologically resembling
left ventricle - having thicker wall with mitral valve and the left sided ventricle
morphologically resembling right ventricle - having thin wall with a tricuspid valve).
The aorta arises from the right sided posed ventricle and the pulmonary artery arises
from the left side posed ventricle.
This anomaly causes two parallel and separate circulation , therefore some
communication in between the two are needed to save the life. Three types of
communications join the systemic and pulmonary circulation - ASD , VSD , PDA.
ECG changes
1. Ventricular depolarisation over the chest lead is the reverse of the normal right oriented lead with qR complex and in lead V6 with rS/RS complex.
An initial q wave is nearly always absent in lead I and left precordial leads
(septal activation occurs from right to left)
2. Since the right sided ventricle (left ventricle) is electrically dominant , QRS
axis would be oriented to the right and inferiorly.
3. T wave vector is oriented to right and anteriorly , therefore T wave would be
upright in all precordial leads but it will be taller in lead V1 than V6.
4. Rhythm and conduction disturbances : usually sinus rhythm + supraventricular
arrhythmia or even the pre-excitation syndrome. All grades of AV block are
common.
AV block in association with a cyanotic congenital heart disease in an
infant or a child should immediately arouse the suspicion of congenitally
corrected transposition of the great vessels.
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Double outlet right ventricle
Embryonic defect
Abnormal connection between the muscular ventricular septum and the conus septum
causing both subaortic flow and pulmonary flow path from the right ventricle
- Double outlet right ventricle (DORV).

P

A

VSD
LV
RV

A = Aorta
P = Pulmonary artery

Fig. 2.1
The characterisitic features of double outlet right ventricle (DORV)
1. Aorta over-rides with more than 50% into the right ventricle - so both great arteries
arising from the morphological right ventricle.
2. Side by side relationship of both great arteries.
3. Presence of subaortic conus results in aorto-mitral discontinuity
4. VSD works as left ventricular outflow tract.
Haemodynamic alterations with ECG changes –

ECG changes
DORV with pulmonary stenosis with subaortic VSD - commonest
1. Pulmonary stenosis (right ventricular hypertrophy is obligatory due to the
presence of aortic outflow in the same chamber) with rightwards axis
deviation Right atrial enlargement with PR interval prolongation.
2. Counter clockwise depolarization pattern in spite of the severe
pulmonary stenosis is the most characteristic features and the Q wave
in lead V1 and aVL are virtually diagnostic.
3. Rarely LVH pattern due to restrictive VSD.
Other rare variants are :
DORV with subaortic VSD without pulmonary stenosis
Large left to right shunt with early evidence of pulmonary hypertension.
DORV with subaortic stenosis.
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Concluding remark
The conotruncal anomalies should be strongly suspected if the new born infant presents with
acute hypoxia and cyanosis within the first few days following delivery (these anomalies are
well tolerated in utero). Associated ECG findings , as described might help a lot in reaching
to the diagnosis. The cardiac echo is a must in these cases to arrive to the diagnosis with
certainty.
Therefore , it becomes essential to have the basic concept of conotruncal anomalies so that
these cases might be referred to the tertiary cardiac centres.

Further reading suggested
1. LeoSchamroth An Introduction to Electrocardiography (Eighth adapted edition)
P- 173-187
2. CHOU'S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition) P- 671-689
3. Cardiac outflow tract: a review of some embryogenetic aspects of the conotruncal
region of the heart
Angelo Restivo , Gerardo Piacentini, Silvia Placidi, Claudia Saffirio, Bruno Marino
Website : https://pubmed.ncbi.nlm.nih.gov/16892424/
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‘NO MAN’S LAND’ – NORTHWEST AXIS
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

'

ABSTRACT
BSTRACT
AIMS AND OBJECTIVES : To evaluate the significance of 'No Man's Land' (Northwest
axis) towards the recognition of ECG based cardiac pathology .
DEFINITION :
An axis in 'No Man's Land' (Northwest axis) is recognised when the QRS complex over aVR
is a predominantly positive (upward) associated with a predominantly or wholly negative
deflection (downward) in lead I and aVF. Then the electrical axis is said to occupy the 'No
Man's Land' in between - 900 to -1800.

N

W
E
S
Fig. 1.1

AETIOPATHOGENESIS

Northwest axis may occur under the following circumstances :

Reversal of limb leads in between right arm and left leg.
Ectopic rhythm arising from left ventricular apex
Apical VT
Accelerated Idioventricular rhythm
Ventricular escape rhythm
Ventricular pacing (eg. VVI )
Hyperkalemia - high grade AV nodal block with ventricular escape rhythm (K > 7 mEq/L)
Delayed conduction over the right ventricular outflow tract as with Brugada syndrome
Emphysema causing downward cardiac displacement with rotation over both the horizontal
and frontal planes.
Anatomical distortion of the bundle branches to shift the axis dramatically , as sometimes
seen in complex congenital heart diseases / Hypertrophic obstructive cardiomyopathy
This article should be considered to be adjuvant to the next article entitled
‘Lead aVR – A basic concept with its usefulness on ECG’.
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OUTLINE
Introduction
An electrical journey (under normal circumstances)
Definition
Aetiopathogenesis
Some ECGs with North-West axis
Concluding remarks
Further reading suggested
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‘NO MAN’S LAND’ – NORTHWEST AXIS
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP
In the ordinary sense 'No Man's land' is an unoccupied area in regard to its situation or
jurisdiction. Its consideration is usually applicable to the land under dispute and occupied
between two parties due to uncertainty of its mastership.
.

Introduction
With reference to hexaxial system for the calculation of electrical axis it is worth to mention
here that there is a zone in between -900 to -1800 wherein there is no landing of the electrical
axis under usual circumstances. This zone is referred to as 'No Man's Land' (Northwest
axis).
It would be better to discuss the electrical impulse propagation through the conducting
system of heart and accordingly ventricular mass is activated with the inscription of electrical
axis. The electrical impulse conduction follows a definite pathway , namely SA node - atria AV node - His Purkinje system - cardiac myocytes. This flow of electrical current adopts a
sequential pathway to excite the ventricular myocardium on either side (left ventricle and
right ventricle through the respective bundle branches) , but synchronously from the apex to
base of heart. This electrical flow across the entire ventricular system produces a mean
electrical axis having a particular direction and magnitude. The normal range of ventricular
electrical axis on the frontal plane ranges from - 300 to +900 in clockwise direction on
'Hexaxial Lead System'. Even with either of right or left axis deviation electrical axis
remains confined to a particular zone without touching 'No Man's Land' . If an electrical axis
is recorded over 'No Man's Land' (-900 to -1800), it points towards some particular cardiac
pathology - here lies its significance.

An electrical journey (under normal circumstances)

A

The pathway of electrical impulse propagation through the conducting system of Heart
Atria

Fig. 1.2

SA Node - Atria - AV Node
Bundle of His
Right and left bundle branches
Through purkinje fibers to its peripheral ventricular endocardial network
Ventricular myocytes from apex to the base
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B

The sequential flow of cardiac electrical current across the ventricular mass

Septal activation
from left to right
q/r

Activation of major
portion of
ventricular
myocardium - R

Late activation of
posterobasal portion of
the left ventricle, the
pulmonary conus, and
the uppermost portion
of the interventricular
septum - S

Fig. 1.3

C

This propagation of electrical cardiac current produces a mean electrical axis anywhere

in between - 300 to + 900 (QRS axis is a mean representation of these three forces - q/r , R
& S) .

D

Hexaxial Limb System

N

W

E

S

HEXAXIAL LEAD SYSTEM SHOWING :

Normal electrical axis = - 300 to + 900
Left axis deviation
= - 300 to -900
Right axis deviation = + 900 to +1800
Fig. 1.5
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Definition
An axis in 'No Man's Land' (Northwest axis) is recognised when the QRS complex over aVR
is a predominantly positive (upward) associated with a predominantly or wholly negative
deflection (downward) in lead I and aVF. Then the electrical axis is said to occupy the 'No
Man's Land' in between - 900 to -1800.
Positive QRS over aVR does not always mean northwest axis - one should also see the
leads I and aVF for its associated predominant negativity to confirm its diagnosis.

Aetiopathogenesis
Northwest axis may occur under the following circumstances :

Reversal of limb leads in between right arm and left leg.

Ectopic rhythm arising from left ventricular apex
Apical VT
Accelerated Idioventricular rhythm
Ventricular escape rhythm
Ventricular pacing (eg. VVI )

Hyperkalemia - high grade AV nodal block with ventricular escape rhythm
(K > 7 mEq/L)

Delayed conduction over the right ventricular outflow tract as with Brugada syndrome

Emphysema causing downward cardiac displacement with rotation over both the
horizontal and frontal planes.

Anatomical distortion of the bundle branches to shift the axis dramatically , as sometimes
seen in complex congenital heart diseases / Hypertrophic obstructive cardiomyopathy
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Some ECGs with North-West axis

ECG

Reversal of limb leads in between right arm and left leg.

(1)
LL RA_

_

+ LA
_

Right arm and left leg leads reversal
Lead aVR - flow towards the right arm
positive deflection

Fig. 1.6

+ +
RA LL

Lead II, III, aVF - flow from below upwards
predominant negative deflections
Lead aVL - only this lead remains unaffected

A . Reversal of limb leads in between right arm and left leg

A

B . Corrected ECG with proper limb leads placement

B

predominant
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Fundamentals : ectopic rhythm arising from left ventricular apex ECG pointers : wide /
bizarre QRS complex > 0.12 sec with discordant T ; absence of RS pattern over precordial
leads (the loss of q over lead I, aVL and V5, V6) ; AV dissociation with + capture beat , +
fusion beat (with different QRS morphology) ; RBBB / LBBB pattern depending upon the
site of ectopic ventricular rhythm.

VT > 100 bpm
AIVR = 60-100 bpm
(Idioventricular rhythm is <60 bpm - usually
20-50 bpm)
Fig. 1.7

Ectopic rhythm arising from left
ventricular apex

ECG
(2)

VT with RBBB pattern

(By the courtesy of Dr. Mritunjay Kumar singh, MD (Medicine), Consultant
Physician and Nephrologist, AIMS, Gaya)
ECG findings : VT with RBBB pattern
Broad complex tachycardia (0.20 sec)
Left Rabbit ear configuration in V1 – Rr’ pattern – 1st R is taller than the next
accompanying r’(QRS duration in V1 >140 ms). With predominantly S in V6.
North-west axis
1st positive wave in V2 >0.04 sec.
Brugada sign (e.g lead I) is positive r to s nadir distance (>110 ms).
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ECG
(3)

Right Ventricular Pacing (VVI pacing)

Fig. 1.8

Right ventricular pacing (VVI pacing)

By courtesy of Prof. Dr. A.N Rai , MD , MRCP (UK), FRCP (GLASGOW) , FICN , FICP
ECG findings : The most commonly used ventricular electrode site is the right
ventricular apex.
Pacing at this location produces a wide QRS complex (usually resembling a
LBBB pattern.
QRS deflection are typically negative in leads II, III and aVF.
Spikes are seen preceding QRS complex
T waves are discordant
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ECG

aVR sign in Brugada syndrome

(4)
Conductivity in the right ventricular outflow tract , as manifested on ECG
constitutes a high risk predictor of ventricular arrhythmias in a patient with
Brugada syndrome.

(Source : Downloaded ECG from Google (E ScienceDirect.com)
aVR sign as a risk factor life-threatening arrhythmic events………..)
ECG findings :
Elevation of the J point with a coved-type ST segment and inverted T waves
in V1 and V2 indicating type 1 Brugada syndrome.
Lead aVR and lead I are showing reciprocal image of each other ,
constituting a important aVR sign as discussed below:
(aVR sign - R wave > 0.3mV or R/q > 0.75 in aVR.
A deep and broad S wave > 1mm or S duration > 40 ms in lead I.)

ECG
(5)

HOCM with anatomical distortion of the bundle branches to shift the
axis dramatically

By courtesy of Prof. Dr. A.N Rai , MD , MRCP (UK), FRCP (GLASGOW) , FICN , FICP
ECG findings (Young adult presents as recurrent anginal chest pain): Northwest axis with
Q in inferior leads and V5 and V6 with discordant T wave (HOCM confirmed on cardiac
echo).
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AETIOPATHOGENESIS
Concluding remarks
Northwest axis , as discussed is having its clinical implication on ECG provided it is read in
association with other findings as well. It is said that if an electrical axis is recorded over
'No Man's Land's' (-900 to -1800) , it points towards some particular cardiac pathology - here
lies its significance.

Further reading suggested

ESIS

1. LeoSchamroth An Introduction to Electrocardiography ( EIGHTH ADAPTED EDITION) The electrical axis - P - 20-27
2. CHOU'S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (sixth edition) Misplacement of leads and electrocardiographic artifacts - P- 586-597
3. What is north west qrs axis ? | Dr. S.Venkatesan MD - From website https://drsvenkatesan.com/tag/what-is-north-west-qrs-axis/
4. Extreme Axis Deviation - My EKG - From website - https://en.my-ekg.com/howread-ekg/extreme-axis-deviation.html
5. aVR sign as a risk factor for life-threatening arrhythmic events in patients with
Brugada syndrome - Mohamad Ali Babai Bigi et al. Heart rhythm. 2007 Aug.
https://pubmed.ncbi.nlm.nih.gov/17675073/
6. aVR sign in Brugada syndrome - Prof. Dr.Johnson Francis - 16th Nov, 2015 - From
website - https://johnsonfrancis.org/professional/avr-sign-in-brugada-syndrome-as-amarker-of-life-threatening-arrhythmic-events/
7. Risk Stratification in Brugada syndrome: Current status And Emerging Approaches Articles - AER- Volume 7 Issue 2 Summer 2018 - Risk Stratification in Brugada
syndrome :Current Status And Emerging Approaches - Shohreh Honarbakhsh, Rui
Providencia, Pier D Lambiase - From website - www.aerjournal.com/articles/riskstratification-brugada-syndrome

LEAD aVR – A BASIC CONCEPT WITH
ITS USEFLNESS ON ECG

| 113

ECG
LEAD aVR – A BASIC CONCEPT WITH ITS
USEFULNESS ON ECG
DR. D.P. KHAITAN
MD(MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

LEAD aVR - A BASIC CONCEPT WITH ITS
USEFULNESS ON ECG
OUTLINE

Introduction
Lead aVR though neglected but very
useful lead
Blood supply of the concerned areas
viewed by lead aVR
An elementary sketch showing the
arterial supply by LMCA and its two
branches LAD and LCx.
The mechanism of changes in lead aVR

Some Interesting ECGs
ECG 1 LMCA equivalent 'ACS'
ECG 2 Acute pulmonary Embolism with ST
elevation in aVR

ECG 3 Orthodromic AVRT with ST
elevation in lead aVR
ECG 4 AVNRT with ST elevation in aVR
ECG 5 TCA Toxicity
Concluding remarks

Lead aVR - its diagnostic and prognostic
significance

Interpretation of lead aVR revised in the light of its
location facing the ventricular cavity - RVOT , basal
part of the interventricular septum and anterolateral
portion of the left ventricle

Further reading suggested
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LEAD aVR - A BASIC CONCEPT WITH ITS USEFULNESS ON ECG
DR. D.P. KHAITAN
MD (MEDICINE) FCGP(IND) FIAMS(MEDICINE) FICP

ABSTRACT
BSTRACT

OBJECTIVES :
To access the usefulness of lead aVR on ECG in clinical practice.
BACKGROUND :
This aVR lead had been neglected for so many years after its invention in 1942 by
Dr. Emanuel Goldberger. There had been a recent breakthrough in the concept of lead aVR
which possesses some unique qualities - very useful while interpreting ECGs by the
clinicians.
This review can be summarised , as follows :
This is the right sided unipolar augmented lead placed over the right arm
(aVR = augmented vector right)
Its location over the hexaxial lead system is at -1500.
This cavity lead is looking towards the cavity of the heart from the right shoulder.
('with distances >15 cm from the heart , the decrement in the intensity of the electrical
field is hardly noticeable' *) and so lead aVR is considered to be peeping through the
right shoulder.
* LesSchamorth An Introduction to ELECTROCARDIOGRAPHY (Eighth Adapted
Edition), P-6

Eye of Lead aVR
Lead aVR looks through the right atrium directly into the cavity of the
ventricle : right ventricular outflow tract and the basal part of the
interventricular septum.
This lead also gives reciprocal information from the left lateral side of the
heart as well.
All the waves P,QRS,T are negative on lead aVR since the vectorial axes of all these
waves are away from this lead on the hexaxial lead system.
METHODS :
The mechanism responsible for the changes in lead aVR including some important clinical
conditions has been focused and emphasized with explanatory notes.
CONCLUSION : Clinicians should pay more attention to lead aVR while interpreting ECGs.
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Eye of Lead aVR
Lead aVR looks through the right atrium directly into the cavity of the
ventricle : right ventricular outflow tract and the basal part of the
interventricular septum.
This lead also gives reciprocal information from the left lateral side of the
heart as well.

Introduction
Lead aVR is one of the members of augmented unipolar lead system. These are termed
unipolar leads because of their unique location on the left arm (aVL), the right arm (aVR) ,
and the left leg (aVF) respectively.
Einthoven’s concept of ‘triaxial bipolar leads’ was aimed at the three leads I, II and III , each
placed at the angle of 600 apart. It seemed a possibility that the gap area in between 60 0 might
had hidden the recording of the electrical segment in between, which would have otherwise
imparted some more information by placing an extra limb lead in between them. In 1942, Dr.
Emanuel Goldberger of Lincoln Hospital, New York, succeeded in the construction of
unipolar augmented limbs lead system – an unique system of recording the ECG image
through an extra window in between 600 (i.e at 300). So, he placed the positive unipolar limb
electrodes on the left arm, right arm and left leg for the purpose. The invention of these leads
narrowed the electrical window of recording through hexaxial lead system.
Since lead aVR is placed over the right arm opposite to the mean electrical axes of the
different waves - P,QRS,T, it records all as negative waves. This had been remaining as a
neglected lead until its interpretation was revised in the light of its direction facing
towards the ventricular cavity - right ventricular outflow tract , basal part of the
interventricular septum and anterolateral portion of the left ventricle.

Background review of lead aVR
This review can be summarised , as follows :
This is the right sided unipolar augmented lead placed over the right arm
(aVR = augmented vector right)
Its location over the hexaxial lead system is at -1500.
This cavity lead is looking toward the cavity of the heart from the right shoulder.
('with distances >15 cm from the heart , the decrement in the intensity of the electrical
field is hardly noticeable' *) and so lead aVR is considered to be peeping through the
right shoulder.
* LesSchamorth An Introduction to ELECTROCARDIOGRAPHY (Eighth Adapted Edition)
- P-6
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All the waves P,QRS,T are negative on lead aVR since the vectorial axes of these
waves are away from this lead on the hexaxial lead system.
This background review can be well illustrated with the following sketch :

P,QRS,T = all the waves
are negative.

Hexaxial lead system
P = 0 to +700
QRS = -30 to +900
T = runs with QRS-T angle in
between 45-600

Fig. 1.1

P,QRS,T - all are negative waves due to opposite direction of lead aVR ( -1500 ) with respect
to the vectorial axes of these different waves

'Basal' interventricular septum

aVR
RVOT

Anterolateral portion
(LV)

Fig. 1.2
Lead aVR facing right ventricular outflow tract , basal part of the interventricular septum and
anterolateral portion of the left ventricle (as indicated by the red arrow passing through).
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Blood supply of the concerned areas viewed by lead aVR
This has been illustrated with clarity by the following sketches :

Fig. 1.3

aVR

LMCA
Conal Br

Pul. conus

LCx
LAD

Diagonal Br

V1

L Marginal A
(Branch of LCx)

S1
S2
S3

Anterior / Lateral wall
(LV)

Interventricular septum

Fig. 1.4

Apical/inferolateral wall
(LV)

An elementary sketch showing the atrial supply
by LMCA and its two branches LAD and LCx
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The mechanism of changes in lead aVR
BASICS
Lead aVR being the lead of right shoulder senses the resultant vector of many
synchronous and instantaneous electrocardiographic forces , passing through the
zone of its observation - right ventricular outflow tract , basal interventricular septum
and anterolateral wall of the left ventricle.
Subepicardial injury created within the zone of observation with reference to lead
aVR would produce ST elevation to be recorded by this right shoulder lead (the
current of injury flows towards lead aVR).
A basic concept behind the ST elevation in lead aVR is that this lead represents the
right ventricular outflow tract (RVOT) and basal interventricular septum of the heart
in summation. Since this basal part is mechanically and electrically stronger
compared to RVOT , lead aVR acts as a representative of the basal septum.

Lead aVR – Its diagnostic and prognostic significance
1. Localization of culprit coronary artery in acute coronary syndrome
aVR
V1

ST elevation ratio with aVR/V1>1 culprit artery being LMCA
(Black area indicates the ischemic zone)

V1

In global subendocardial ischemia including the inferolateral and
apical region causes ST elevation in lead aVR as a mirror image of
ST segment depression , as illustrated. This is more commonly seen
with LMCA subtotal occlusion.

V1

If this ST elevation ratio with aVR/V1<1 (ST elevation is more over
V1 compared to aVR - the culprit artery being proximal LAD)

RVOT

A
aVR
RVOT

B

aVR
RVOT

C
Fig. 1.5
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Ischemia induced conductive disturbances , including RBBB , left anterior fascicular block ,
intraventricular conduction defects are not infrequent.

ST elevation > 1 mm in aVR is indicative of LMCA (subtotal occlusion) or equivalent
(proximal LAD or severe 3VD) . To choose the culprit artery this ST elevation in aVR
should be compared with that of V1 and the changes in the myocardium elsewhere.

2. Acute pericarditis
aVR
RA

Red Zone = Acute pericarditis
RA = Right atrium

Lead aVR looks through right atrium into the cavity of the left
ventricle. The basic lesion is over the subepicardial zone resulting in
subepicardial current of injury. Since the current of injury over the
atrial and ventricular subepicardial zones is in opposite direction to
each other , it produces the following changes :
PR elevation and ST depression in aVR
Multileads concave ST elevation with PR depression
Spodick's sign : downsloping of TP segment.

Fig. 1.6

aVR

II
Downloaded from
Google
see downsloping of TP segment
(Spodick,s sign)

3. Acute pulmonary embolism
ST segment elevation in aVR is having a poor prognostic sign with acute pulmonary
embolism. This ST elevation in aVR resembles with that of acute coronary syndrome. This is
to be stated here that ST elevation in lead aVR is a poor prognostic sign with worse outcome.
Such ST segment elevation reflects ischemia from the right RV outflow tract and / or
the right paraseptal region . Diffuse ST depression in lateral leads might be correlated
with diffuse subendocardial ischemia due to reduced left ventricular filling.
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4. Narrow complex tachyarrhythmias
Fast tachyarrhythmia may cause global mismatched demand and supply resulting in global
subendocardial injury. This may result in ST elevation over aVR , as a mirror reflection
effect.
Narrow complex tachycardia - AVNRT , orthodromic AVRT , atrial tachycardia
ST elevation in aVR is more suggestive of orthodromic AVRT in WPW (sensitivity 71%
, specificity 70%)
In the localization of atrial tachycardia.
5. Tricyclic antidepressant (TCA) and TCA like overdose
Muscaranic (M1) receptor blockade results in sinus tachycardia.
Sodium channel blockade effect of the drug produces the following changes :
Intraventricular conduction delay with QRS > 100 ms with QTc prolongation
Right axis deviation of the terminal QRS
Terminal R > 3 mm deflection in aVR
(Predictor of arrhythmias if RS ratio more than 0.7)

6. Risk stratification in Brugada syndrome
There is associated delay of the conductivity of the right ventricular outflow tract and this
constitutes a high risk predictor of ventricular arrhythmias in a patient with Brugada
syndrome.
Lead aVR and lead I are showing reciprocal image of each other , constituting an
important aVR sign = R wave > 0.3 mV or R/q > 0.75 in aVR associated with a deep and
broad S wave > 1 mm or S duration > 40 ms in lead I.

7. To differentiate in between inferior myocardial infarction and left anterior fascicular
block
In the presence of QS complexes in inferior leads , the lead aVR helps to differentiate
between inferior wall MI and left anterior fascicular block. Initial R in aVR is suggestive
of IWMI and terminal R is suggestive of LAFB.
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8. Left ventricular aneurysm (Goldberger's sign)
In the presence of persistent ST elevation in anterior chest leads , the R in aVR is suggestive
of left ventricular aneurysm (Goldberger's sign). The pattern of persistent anterior ST
elevation (> 2 weeks after STEMI) + pathological Q wave is very much diagnostic of left
ventricular aneurysm.
9. In wide QRS tachycardia tall R wave in aVR indicates ventricular tachycardia
rather than SVT with aberrancy
Vereckei criteria of VT is mainly dependent upon the evaluation of lead aVR .
Look at the following four steps in aVR favouring VT.
Step 1 : An initial , dominant R in aVR = VT
Step 2 : An initial, non-dominant q or r in aVR >40 ms = VT
Step 3 : Notching on an initial downstroke in aVR = VT
Step 4 : Vt>Vi in aVR = VT (by measuring the vertical excursion ( mV)
recorded on the ECG during the initial (Vi) and terminal 40 ms (Vt) of the QRS
complex).
During WCT due to VT an initial slower muscle to muscle spread of activation
occurs until the impulse touches the His-Purkinje system after which the rest of
the ventricular muscle mass is more rapidly activated. Therefore , Vi / Vt < 1
during VT.
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Fig. 1.7

10. Miscellaneous
True dextrocardia See P wave upright or equiphasic in aVR - True dextrocardia (Basic - the axis of all the
different wave are directed to the right and inferiorly )
Tension pneumothroax Acute transmyocardial ischaemia + injury (atrial and ventricular both) is responsible for
PR segment elevation in inferior leads and reciprocal PR segment depression in aVR.
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Some interesting ECGs

ECG
(1)

(Source : CME INDIA Case Presentation by Dr Narendra Kumar, MD, Godda )
CME INDIA CASE : 69-year male , diabetic and hypertensive , was under a
neurophysician for CVA-for last one year, developed dyspnea sine last evening,
approximately 24 hours. BP-80/60 mm Hg., no history of pain chest or perspiration.
Troponin : strongly positive. Gives no history of fever but temp . 98.8 (Axillla). Chest X-ray
could not be done, as the patient was referred to higher centre after initial treatment.
ECG Findings
RBBB + LAFB with ST elevation over aVR
ST depression over leads aVL, 1 and precordial leads
Q waves in inferior leads
(RBB plus Left anterior fascicle both are supplied by LAD)
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Input by Dr. Satish kumar , HOD , Department of Cardiology , Bokaro General
Hospital , Bokaro
Considering ST Elevation in aVR with Flat ST depression in Precordial leads in
absence of tachyarrhythmia denotes a global subendocardial ischaemia. This makes a
very strong point in favour of "LMCA Equivalent" ACS, further supported by
appearance of 'presumably new' RBBB.. [The 'LMCA Equivalent stenosis' obviously
includes possibility of critical Proximal LAD or TVD as D/D.]
An urgently performed bed-side Echo in such situation s invaluable as it would clarify
the situation by excluding other possibilities like Acute Pulmonary Embolism etc.
The Q wave in inferior leads are most likely due to an old inferior wall MI.
The report of Coronary Cath must be shared.

ECG
(2)

(Source : CME INDIA Case Presentation by Dr. Ranjan Kumar, Patna on 26.10.2020)
History
History of SOB no fever , SpO2 = 90% , Covid negative , D-Dimer raised , further
investigation could not be done, patient expired.
ECG Findings
Heart rate 136/min , regular with short RP tachycardia most obvious over
precordial leads (most likely AVNRT)
Complete RBBB ST depression over V1 to V4 , S1Q3T3 pattern
Marked ST elevation over aVR.
Most possibly acute pulmonary embolism with poor prognostic sign over aVR as marked ST
elevation.
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Thinking SVT administered cordarone injection

ECG
(3)

(Source : CME INDIA , 20.01.2020 by Dr. Satish Kumar, BGH)
Heart rate = 214 / min , regular , with long RP tachycardia (best seen over lead I after 4th
beat) , ST depression over lead I, inferior leads and V1 to V6 : Possibly Orthodromic AVRT.
ST elevation in lead aVR due to mismatched supply and demand due to tachyarrhythmia.
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Second ECG of the same patient after cardioversion showing WPW type A with left lateral
accessory pathway.

ECG
(4)

(Source CME INDIA , 31.10.2020 by Dr. Ranjan Kumar, Patna)
History
48 / m, HTN-on Telma 40 and Cilacar 10, type A personality .
C/o Sudden onset palpitations with dyspepsia. First episode. Relieved by taking some
medicine for gas. Details NA . Echo not done.
Findings
Short RP tachycardia suggestive of AVNRT with two important findings over lead aVR.
1. Obvious r' over lead aVR - considered more significance than that of V1.
2. ST elevation is also seen in aVR due to tachyarrhythmia induced mismatched supply and
demand - vanished when AVNRT gets terminated.
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Spontaenous termination of AVNRT (ECG of the same patient)

ECG
(5)

(Source : Some whatsapp group)
Typical ECG of TCA toxicity demonstrating :
Sinus tachycardia with first degree AV block ( best seen over V5 - V6).
QRS > 100 ms
Positive R wave > 3mm deflection in aVR.
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Concluding remarks
Lead aVR has been long neglected. This was thought to be because most cardiologist have
considered that the tracings of limb aVR merely reflect reciprocal information from the
lateral and precordial leads. Recently within a few years the interpretation of lead aVR was
revised in the light of its location facing the ventricular cavity - right ventricular outflow
tract, basal part of the interventricular septum and anterolateral portion of the left ventricle.
Cardiologists should pay more attention to lead aVR while interpreting ECG.
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