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Abstract
Electrocardiogram (ECG) is one of the major diagnostics tools 
for Cardiac Arrhythmias (CA). ECG interpretation is more im-
portant to provide specific treatment of different arrhythmic 
myocardial regions. In this article the aim is to focus on de-
tailed normal and abnormal ECG interpretation with different 
myocardial regions. Contraction and Relaxation Process (CRP) 
during cardiac cycle generates complex ECG with addition of 
each conduction node electrical vector activity in cardiac con-
duction system. Epinephrine stimulates Beta1 adrenergic recep-
tors to produce more G stimulation proteins and thus leads to 
increase calcium level in the cell that provides frequent produc-
tion of Action Potential (AP) like sinus tachycardia, Early After-
depolarization (EAD) and Delayed Afterdepolarization (EAD). 
Myocardial scar regions, AP cannot move because of blockage, 
in turns moving rapidly around the dead area in a circular way 
to lead reentrant arrhythmias. On the other hand of respiration 
cycle, vagus outflow fluctuates (inspiration) the Sinus Node (SN) 
to increase heart rate (R-R distance will decrease, more P wave 
and QRS complex will be produced) and to decrease heart rate 
during expiration (R-R distance will be more). Finally conclude 
that different myocardial dysfunction regions are the major 
cause of multi-classified cardiac arrhythmias. 
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Introduction: 

1. Normal Cardiac Rhythm
The electrical activity generation in cardiac myo-

cytes is in the range of 60-100 bpm to be called nor-
mal cardiac rhythm (Romanò 2015). Different cardiac 
electrical events occur at different regions of myocar-
dium during cardiac cycle. Each electrical event plays 
a key in producing normal cardiac rhythm (Wilkins 
2007). In general electrical impulses originating from 
the SA node (SA) and travel through Atrio-Ventricu-
lar (AV), Bundle of His and Purkinje Fibre Cells (PFC) 
possess normal cardiac output rhythm and normal 
conduction pathway (Pérez-Riera, Barbosa-Barros, 
and Baranchuk 2016). SA node provides electrical im-
pulses (stimulation) to the atrium chamber, which in 
turn is responsible for atrium chamber depolarisation 
and also to AV node, which acts as conduction path-
way between SA and Bundle of His present in between 
atrium and ventricle (Ashley and Niebauer 2004). 
First cardiac electrical activity originates from the 
SA node to process normal conduction with normal 
moderate conduction velocity at the atrial chamber, 
passes through AV at very slow conduction velocity 
and reaches the Bundle of His and PFC with high con-
duction velocity (Ashley and Niebauer 2004; Kuper-
smith, Krongrad, and Waldo 1973). 

2. Cardiac Arrhythmias
The electrical events originate from other than SA 

nodes, conduction not in normal pathways and high 
and low velocity fluctuations in normal cardiac path-
ways are referred to as Abnormal Cardiac Rhythm 
(ACR) (6). ACR dysfunction occurs, leading to two 
stages of Cardiac Arrhythmias (CA), one is Brady Ar-
rhythmias (BA) (rhythm rate lower than 60 bpm) and 
other is Tachy arrhythmias (TA) (rhythm rate higher 
than 100 bpm). BA and TA are further produce differ-
ent rhythm rate that are shown clearly in Fig. 1

In TA, the rhythm rate from 100-150bpm is called 
Simple TA. The electrical impulses suddenly start and 
disappear somewhere between 150-250bpm are called 
Paroxysmal TA (Ashley and Niebauer 2004; Kuper-
smith, Krongrad, and Waldo 1973; Tripathi 2011). 
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The cardiac impulse rate becomes higher compared 
to normal rhythm lies in the range of 250-350bpm, 
then this dysfunction is known as Flutters. The flutter 
activity is present in the atrium region, it is referred 
to as atrial flutters, likewise in the ventricular region 
known as ventricular flutters (Nakamura et al. 2022) 
(Ho and Yen Ho 2022). Sometimes, heart rhythm rate 
goes above 350bpm is termed as Fibrillation. Like 
Fluters activity, fibrillation happens in the atrial, called 
atrial fibrillation and in the ventral region called ven-
tricular fibrillation (Andriulė et al. 2022; Cruz et al. 
2022; Aonuma et al. 2022) (Andreadis 2016). Similar-
ly in BA, rhythm rate lies between 40-60bpm referred 
as Mild BA. The impulse rate lies between 20-40bpm 
called Moderate BA. The heart rhythm rate activates 
less than 20bpm known as Severe BA (Miller 2008). 

Another classification of Cardiac Arrhythmias (CA) 
is the region based on heart abnormal rhythms, occur-
ring at SA nodes called sinus arrhythmias, abnormal 
activity found in atrial myocardial tissue are referred to 
as atrial arrhythmias (Chahine et al. 2022; Nishikawa 
et al. 2022). Problems occurring in AV nodes (elec-
trical connection between Atrium and Ventricular re-
gion) are known as Nodal or Junctional arrhythmias. 
All three Sinus, Atrial and Nodal arrhythmias formed 
above the ventricular tissue are referred as supra ven-
tricular arrhythmias (Andriulė et al. 2022). Abnormal 
rhythm originated at the ventral region called ventric-
ular arrhythmias. The ventricular tissue acts as a prior 
function in which it maintains the blood pump flow 
and gives normal cardiac output, whereas regions have 
problem in rhythm rate it gives improper cardiac out-
put (contraction and relaxation process will be slow or 
faster) (Andriulė et al. 2022; Cruz et al. 2022). 

3. Action Potential
The normal electrical activity generation Action 

Potential (AP)) in cardiac cells is due to sodium chan-
nel opening, which allows more positive sodium ions 
into the cell. These incoming sodium ions reduce 
the resting potential into less negative and reach the 
threshold potential. After reaching threshold poten-
tial, a calcium channel is opened, which allows more 
positive calcium ions into the cell. This process pro-
duces depolarization (Frank, Paul Bianchi, and Keurs 
2012). When depolarisation reaches a particular volt-
age, the potassium channel opens, which sends more 
potassium ions from the cells that go back to resting 
potential called repolarisation. This process repeats 
itself to create a continuous impulse known as AP 
(Kwek et al. 2022) as shown in Fig. 2.

3.1 Mechanism of Cardiac Arrhythmias
The SA nodes have receptors such as Beta1 adren-

ergic, when epinephrine stimulates Beta1, cellularly it 
produces G stimulation proteins and this process can 
lead to addition of calcium in the cell that provides fre-
quent production AP (Kwek et al. 2022; Lv et al. 2022; 
Ng et al. 2022). That is, the action of epinephrine on an 
SA node can lead to producing more frequent depo-
larisation and repolarisation processes based on chan-
nels referred as Sinus tachycardia (Increased Automa-
ticity) (Liu, Li, and Yang 2022; Asfaw and Bondarenko 
2022). The cell in resting potential takes rest until the 
sodium-dependent depolarisation process occurs and 
undergoes a long plateau of potassium leakage and 
calcium added, because of this process of loss and 
gain of positive ions is called repolarisation. When 
the myocytes become ischemic or injured and if the 
cell is loaded with a number of calcium ions, the rest-
ing membrane cannot take rest fluctuating towards 
threshold potential that produces unwanted triggered 
automatic impulse that causes tachy arrhythmias 
(Triggered Automaticity) (Kwek et al. 2022; Lv et al. 
2022). In triggered automaticity, the new AP starts at 
earliest in between repolarization processes known as 
Early Afterdepolarization (EAD) (Barrio et al. 2022) 
(Barrio et al. 2022; Lypourlis, Mundisugih, and Chia 
2022). When the resting membrane potential fluc-
tuates and reaches the threshold, the depolarisation 
occurs is somewhat delayed; this activity is known 
as Delayed Afterdepolarization (DAD) (“The Effects 
of Autonomic Neurotransmitters on the Delayed Af-
terdepolarization of Sheep Cardiac Purkinje Fibers” 

Fig. 1: Different CA based on rhythm rate
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1988) (“The Effects of Autonomic Neurotransmitters 
on the Delayed Afterdepolarization of Sheep Cardiac 
Purkinje Fibers” 1988; Hiraoka 1987). 

3.2 Re Entry or Circus Movement
In a piece of myocardium having area which is elec-

trically not excitable, when an impulse enters the myo-
cardium that surrounds the electrically resistant area and 
at that time they met each other (conduction velocity 
was same), those impulses cannot re-enter into the other 
areas and moves forward because of refractuated (Noga-
mi, Phanthawimol, and Haruna 2022). In another area of 
the heart having scar, at one side of the scar the impulse 
moves well but on the other side electric potential cannot 
move because of blockage. When the moving impulses 
reaches the other side becomes electrically excitable can 
enter into the area back and this type of impulses move 
towards the non-resistant area (dead area) is mostly seen 
when total time taken by the cardiac impulse around an 
area is longer than the time required for a blocked area to 
recover from refractive phase to excitable. And when the 
impulses started moving rapidly around the dead area in 
a circular way that generated tachy arrhythmia (Liu, Li, 
and Yang 2022). 

3.4 Sinus Arrhythmia
During the respiration cycle, the vagus outflow 

fluctuates along with the sinus node altered. During 

inspiration once vagal inhibition cannot reinhibitate 
in the sinus node this process can lead to increase in 
heart rate (R-R distance will decrease, more P wave 
and QRS complex will be produced). 

On the other hand during expiration, vagus stimu-
lation is able to inhibitate the heart rate which results 
in slight decreases in rhythm (R-R distance will be 
more). This breathing process is called physiological 
sinus arrhythmia as shown in Fig. 3. Mostly occurs 
within a diabetic patients (Luthra 2017a). The heart 
rate will be more than 100 due to increased activity in 
the SA node. People with fever and thyroid problems 
lead to an increase in heart rate (depolarisation) pro-
duces sinus tachycardia (Nogami, Phanthawimol, and 
Haruna 2022; Watanabe et al. 2022). In sinus tachy-
cardia the P wave produced more frequently (occurs 
earlier) in a time because of increased SA nodes that 
results in increased cardiac stimulation (Morishima 
et al. 2022). People with sinus bradycardia have slow 
heart rate less than 60bpm. Patients having hypothy-
roidism, hypothermia, cholestatic jaundice produce 
slow cardiac output. P waves appeared less frequent-
ly followed by QRS and had a long pass then repeat-
ed the complex process (R-R distance will be more) 
(Lima da Silva et al. 2022) (Luthra 2017b). When sinus 
nodes become injured it behaves in an irregular man-
ner which results in sudden increased and decreased 
activity slower than normal pattern at the same time. 

Fig. 2: Types of Cardiac Arrhythmia with ECG Patterns
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This phenomenon is called Sinus tachy brady syn-
drome or also known as Sick sinus syndrome (Luthra 
2017a; Zhang et al. 2022). All these sinus syndrome 
are clearly mapped with its ECG patterns are shown 
in Fig. 4

3.5 Atrial Tachyarrhythmias
The Atria region is acting as a pacemaker that pro-

duces electrical impulse at a rate of 125-250 per min-
ute. This type of cardiac impulse gives ECG pattern as 

four P waves followed by QRS and T waves because of 
increases in atrial activity (Multiple atrial activity fol-
lowed by ventricular electrical impulse) (Baranchuk 
2018). The electrical activity in the Atrial region be-
comes fast at a rate of 250-350 per minute this produc-
es a special type of unrecognized P waves also called 
flutter waves followed by depolarisation and repolar-
isation (Klabunde 2005). Foci firing simultaneously 
takes control of the atrial region, in that case there may 
be several depolarisation vector present in atrium are 

Fig. 3: Normal and Sinus Arrhythmias ECG Patterns during Inspiration and Expiration

Fig. 4: Sinus Arrhythmias with ECG Patterns During Tachy and Brady Condition
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directed in a different directions at a given time pro-
duce electrical activity that are not synchronized be-
cause of this process there is no well-defined electrical 
power in the atrial activity. The ECG pattern performs 
as the P wave possesses some fluctuates from the atrial 
region, conducted down to AV nodes which gives QRS 
complex processes. The electrical activity of this type 
is more than 350 per minute (Goldberger 2006). All 
these atrial syndrome are clearly mapped with its ECG 
patterns are shown in Fig. 5

3.6 Junctional or Nodal Arrhythmia
The connection between the atrial and ventral re-

gion is called Nodal. This process empties the blood 
in the atria and allows blood into the ventricular re-
gion by conduction pathway. When there is a problem 
at this junction either the tissue in the junction be-
comes too fast leading to junctional tachyarrhythmia 
or the node process becomes slow indicates junction 
bradyarrhythmia (Tan et al. 2022). This describes the 
arrythmias problem in the junction area at the cen-
tre point. There is a fibrous area in which the atrial is 
mounted at above end and the ventricular is mounted 
at below end. The fibrous acts as an electrical insulator 
which means current cannot pass through it. So, the 
only area where the current can pass nodes from the 
atria through the ventricle is at the centre AV node. 
This is why we can introduce the AV node as a special 
electrical window or specialized electrical connection 
between the atria and the ventricle (Soltani et al. 2022). 

Current has to pass through the Bundle of Hiss and 
Ventricular system. There are many reasons why current 
passes through this slower. Firstly, AV nodal cells are spe-

cial myocardial cells and very small in size so the current 
has to jump many numbers of membranes in a short dis-
tance (Davis 1997)). Secondly, gap junctions in between 
the AV nodal cells are very less. These gap junctions are 
specialized electrical windows in between the myocardial 
cells which involve the transfer of current from one cell 
to the next cell. Thus, the AV node becomes a low resis-
tance area (33). Third, Diameter of the cell is small, cells 
with smaller diameter conduct slowly and cells with larger 
diameter conduct fast (Levine 2013) (Fisch and Knoebel 
2000). Fourth, In case of depolarization of current there 
can be two types of channels involved: Voltage gated Sodi-
um Channel and Voltage gated Calcium Channel. Resting 
membrane potential of the AV node is – 60mV. At this 
point the fast-conducting sodium channels are perma-
nently closed. That is why SA Node and AV Node depo-
larization depend on Calcium Channel which acts slow-
ly compared to Sodium Channel (Das and Zipes 2012). 
Fifth, the electronegativity of the AV node is less negative 
so the positive Calcium Channel attracts slowly. The mor-
phological arrangement of AV node is shown in Fig. 6

Fig. 6: Morphological Arrangement of Node Cell in AV Node

Fig. 5: Atrial Arrhythmias with ECG Patterns on Different Conditions
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Normal Cardiovascular System
Cardiac system is an electromechanical pump 

which helps to supply essential nutrients to the tis-
sue and remove unwanted by products through blood 
circulation. Cardiac output is based on the efficient 
mechanism of Contraction and Relaxation Process 
(CRP) during cardiac cycle. CRP in turn synchroniz-
es and coordinates by Cardiac Conduction System 
(CCS). CCS is a specialized cardiac myocyte, which 
produces normal cardiac rhythm originating from 
the Sino-Atrial (SA) node via Atrio -Ventricular (AV) 
node and Bundle of His to purkinje fibre cells (PFC). 
In a normal healthy heart, there will be only one elec-
trical passage. Since atrial depolarisation led to atrial 
contraction which means atrial electrical activity leads 
to atrial mechanical activity and this mechanical ac-
tivity will be slower. During this process the current 
is held for a while at the AV node which is a tissue 
specialized in slow conduction with very slow veloci-
ty (Dorlet and Brembilla-Perrot 2015). Which means 
there will be a delay of about 0.1s. This delay is very 
important for the mechanical function of the heart. 
Importance of AV node delay is to introduce a delay 
between atrial and ventricular excitation and Gives 
time for the atrial contraction to empty the blood into 
the ventricles (Gussak et al. 2003). In the ECG this de-
lay between the atrial and ventricular gives an inter-
val between the PR. In the case of humans generally 
this interval will be 120 – 200ms (Fotiadis and I. 2015) 
(Kenny 2011). Myocardial node cell conduction char-
acteristics are given in Table 1.

Table 1
Myocardium Node Cell Characteristics in Conduction

NODE SPECIALIZATION
SA Node High Automaticity
Atrial and Ventricular Contraction
AV Node Slow Conduction
Bundle of Hiss, Bundle 
Branches, Parkinson System

Fast Conduction

5. Electrical Events in the Cardiovascular 
System

5.1 Atrial Depolarization – First Electrical 
Event

In a Normal Heart electrical activity starts from de-
polarization of SA Node. A wave of Depolarization is 

generated by the SA node. Initially cells near the SA 
node are stimulated and undergo depolarization and 
this again occurs to the second layer then to third lay-
ers and so on. The wave of depolarization from the 
SA node is passing through the cell layers within the 
Atrial Myocardium towards downward and leftward 
because the region of the SA node is present in Atria 
on the right and upper side. All the depolarizing cur-
rent can be added together which makes a single vec-
tor which passes left and downward. This vector rep-
resents the electromagnetic force which is produced 
when both the Atria undergo the process of depolar-
ization (Wilkins 2007) (Huang and Wood 2011). This 
vector is termed as Atrial Depolarization Vector are 
clearly shown in Fig. 7.

Fig. 7: Atrial Depolarization Electrical Event Vector Force Rep-
resentation

Atrial Myocardium is thin in size, because of its 
thin structure the vector is smaller. Atria does not have 
a very specialized and fast conducting system; it un-
dergoes depolarization moderately. When both Atria 
complete the depolarization. The depolarising waves 
hitting the fibrous tissue present between the Atria 
and Ventricle is not a good conductor. Because of this 
most of the depolarising current which hits the fibrous 
tissue dies out. Which does not allow the depolarisa-
tion to pass through the Atria and Ventricle. 

5.2 Stimulation of AV Node -Second 
Electrical Event

The Specific point where the depolarisation can 
pass through is the AV node. This is termed as the 
Electrical window. Only, the depolarisation which 
hits the AV node passes through the ventricle while 
the other dies (Michael 2017). AV node is a special 
modified myocardium, we know that AV node is spe-
cialized in slow conduction of electricity it takes about 
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0.1sec. It’s because initially atria should contract and 
later ventricle contracts. The characteristics of AV 
node and Purkinje system are shown in Table 2 and 
Fig. 8.

Table 2
Myocardium AV Node and PFC Characteristics in Structure

AV NODE  PURKINJE SYSTEM
Slow Conduction Fast conduction
Small Cell Size Large Cell Size
Less Number of Electrical 
Windows

More Number of Electrical 
Windows

Less Diameter Cells Large Diameter Cells
Arranged in a Right angle 
pattern from the direction of 
current flow

Arranged in a Linear pattern 
from the direction of current 
flow

Depolarization depends on 
Calcium which works slowly

Depolarization depends on 
Sodium which works fast

Resting Membrane potential 
is -60mv which is less elec-
tronegative compared to 
Purkinje System. 

Resting Membrane poten-
tial is -90mv which is more 
electronegative compared to 
AV node which attracts the 
cations more. 

Fig. 8: Structural Arrangement of AV Node And PFC in Myo-
cardium 

As depolarising current passes through the AV 
node, it passes through the bundle of hiss and bundle 
branches initially it depolarises the septum of the ven-
tricle secondly then the major part of the ventricle and 
thirdly to the basal ventricle. 

5.3 Ventricular Septum Depolarisation – 
Third Electrical Event

In Septum Myocardium, the upper part is fibrous 
and the lower part is muscular. Fibrous tissue allows it 
to pass through the bundle branches which is acting 
as an insulator like a rubber in the electrical events. 
Septum Myocardium is stimulated by the left bundle 
branch and not by the right bundle branch because 

there is a small connection between the left bundle 
branch and Septum Myocardium whereas the right 
bundle branch passes the current downwards directly 
(Jastrzębski et al. 2020) (Havranek et al. 2015). This 
connection is also at the lower part of the septum, so 
the wave of depolarisation is from the left to right and 
bottom to top. There is a small vector which moves 
from right to upward. During this Ventricular Septum 
Depolarisation small vector but fast conduction takes 
place. 

5.4 Major Parts of Ventricular 
Depolarization- Fourth Electrical Event

Purkinje Cells will be connected to myocardial cell 
one another. Staring from inner myocardium and then 
to the outer myocardium. Left ventricle is thicker than 
the Right ventricle so the depolarizing vector will be 
strong in the left which is called Left Ventricular Depo-
larization Vector and weak in the right which is called 
Right Ventricular Depolarization Vector (Havranek 
et al. 2015; Carpio et al. 2019). All these vectors will 
occur simultaneously which means they can be add-
ed which creates another vector which represents the 
depolarization of a major part of both ventricles are 
shown in Fig. 9.

Fig. 9: Electrical Event Vector Force Representation in Myocar-
dium

• Left Ventricular Depolarization Vector – Down-
ward and Leftward

• Right Ventricular Depolarization Vector – Down-
ward and Rightward

• Net Ventricular Vector (Left + Right) – Downward 
and Leftward

5.5 Ventricular Basal Depolarisation- Fifth 
Electrical Event

After the depolarization of major parts, it reaches 
to the basal area. Here the current movement will be 
upward and rightward and these small and fast vec-
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tors represent ventricular basal depolarization. This is 
the last stage of ventricular depolarization represents 
neatly in Fig. 9 (Hiroi et al. 2004). 

Conclusion: 
ECG is one of the major diagnostics tools for CA. 

ECG interpretation is more important to provide spe-
cific treatment of different arrhythmic myocardial re-
gions. CRP during cardiac cycle (systole and diastole) 
generates complex ECG with addition of each conduc-
tion node electrical vector activity in cardiac conduc-
tion system. Increase calcium level in the cardiomyo-
cytes that provide frequent production of AP like sinus 
tachycardia, EAD and DAD. Myocardial scar regions, 
AP cannot move because of blockage, in turns moving 
rapidly around the dead area in a circular way to lead 
reentrant arrhythmias. On the other hand of respira-
tion cycle, vagus outflow fluctuates (inspiration) the 
SA node to increase heart rate and to decrease heart 
rate during expiration (R-R distance will be more). Fi-
nally conclude that different myocardial dysfunction 
regions are the major cause of multi-classified CA. 
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