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ABSTRACT: The present study includes100 normal healthy individuals both males and females, 28 

females and 72 males within the age groups from 16 years to 58 years were taken after careful 

clinical Examination to rule out any cardiac abnormality in particular, and other diseases in general; 

by following the given pattern. It is known that pulmonary, endocrinal, renal electrolytes and other 

abnormalities all can result in changes in the ECG pattern; a detailed careful clinical examination 

was done to rule out the above disorders. Infants were excluded from the study, as post partum 

period may be associated with changes pertaining to fetal circulation, which needs a separate study. 

Children below 15 years were also excluded from the study because incidence of congenital heart 

disease is more common in ages less than 15 years. Symptomatic individuals with any system were 

also not included in this study. 

 Present study aims at Studying the: Rate, Rhythm, Axis, PR Interval, QRS duration, QT 

duration, PR and ST segments in a systematic way to note the following: 1.To see any abnormalities 

in all above parameters. (a)To note their frequency; (b)Whether they are related to age; (c)The 

types of abnormalities, (d)And to note a particular abnormality, whether it is a normal variant or 

associated with a silent diseased state (e)To study the variance and distribution of all the 

parameters. 

  The 12 lead ECG(Electrocardiograph)Machine was taken for this study with 10 mm 

standardization. Resting ECG(Electrocardiogram) was taken for all the individuals. Conclusion: ECG 

varies from individual to individual even in normal individuals. Majority of the ECGs in normal 

individuals shows a pattern, which falls within normal range. A considerable percentage of 

individuals deviate from the normal pattern. The frequently observed abnormalities are 

Tachycardia, Bradycardia and ERS(Early Repolarisation Syndrome).Less frequently seen 

abnormalities are LAD(Left Axis Deviation), 10 heart block PVCs(Premature Ventricular 

Contractions) wandering pacemaker, RBBB(Right Bundle Branch Block)So understanding normal 

ECG and deviations in normal individuals is very important to interpret the diseased states, treating 

them, and giving the prognosis. 

KEY WORDS: ECG, Physiological variations, Normal individuals. 

 

INTRODUCTION: Every contraction of the heart is preceded by electrical activity. This electrical 

activity in human being starts in S.A. Node and travels through specialized fibers spreading through 
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the myocardium. The same electrical activity is passed to the surrounding tissues and finally to all 

parts of the body. Needless to say the intensity of electrical activity weakens as the distance 

increases from the heart. Hence the Electrical activity can be picked up from any part of the body. 

However it needs to be augmented while recording Example AVR, AVL, AVF. 

 Routine ECG is recorded from standard points of the body – limbs and chest. Study of ECG 

includes the intervals, axes of various waves, wave patterns. These parameters do change from 

individual to individual but lying in a range. However, there are some deviations either due to 

disease or in normal individual also. The present study aims at knowing the variations in normal 

individuals. 

 

METHODS AND MATERIALS:100 normal healthy individuals both males and females, 28 females 

and 72 males within the age groups from 16 years to 58 years were taken after careful clinical 

Examination to rule out any cardiac abnormality in particular, and other diseases in general; by 

following the given pattern. It is known that pulmonary, endocrinal, renal electrolytes and other 

abnormalities, all can result in changes in the ECG pattern, a detailed careful clinical examination 

was done to rule out the above disorders. Infants were excluded from the study, as post partum 

period may be associated with changes pertaining to fetal circulation, which needs a separate study. 

Children below 15 years were also excluded from the study because incidence of congenital heart 

disease is more common in ages less than 15 years which show abnormalities in ECG. Symptomatic 

individuals with any system were not included.  

Only those individuals with all normal parameters were included in this study. A resting 12 lead 

ECG was taken in all individuals with 10 mm standardization. The ECG in the following leads L I, L 

II, L III, AVR, AVL, AVF, V1 V2 V3 V4 V5 V6 were taken.  

 

ELECTRO CARDIO GRAPHIC LEADS: To record in ECG an electric circuit between the heart and the 

electrocardiograph must be completed. For this purpose electrodes are placed on different parts of 

the body surface and are connected to the instrument by means of cables. Thus the whole system 

consists of an instrument, electrodes, cables and leads.  

 

STANDARD LEADS: The standard leads are called bipolar leads because they are composed of two 

electrodes – one that is negative and one that is positive- and the ECG records the difference in 

electrical potential between them. 

 

Lead I: is composed of right arm, which is designated as negative and the left arm, which is 

considered positive.  

Lead II: is composed of right arm which is made negative and the left leg, which is considered 

positive.  

Lead III: is made up of the left arm which is designated as negative and the left leg which is 

considered positive.  

 The three standard leads form a triangle over the body and have a mathematical 

relationship to one another as described by Einthoven. The height or depth of the recordings in 

Lead I and Lead III equals the height (or) depth of the recordings in Lead II. 
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Lead II: is composed of right arm which is made negative and the left leg, which is considered 

positive.  

Lead III:  is made up of the left arm which is designated as negative and the left leg which is 

considered positive.  

 The three standard leads form a triangle over the body and have a mathematical 

relationship to one another as described by Einthoven. The height or depth of the recordings in 

Lead I and Lead III equals the height (or) depth of the recordings in Lead II. 

 

WILSON CENTRAL TERMINAL: The sum of the potentials from RA, LA, and LL is equal to Zero 

throughout the cardiac cycles with respect to any point at the body surface. Lead wires attached to 

electrodes on each limb re connected together through 5000-ohm resistors at a point. When this 

common point – Wilson’s central terminal is attached to the negative pole of the ECG machine and 

an exploring electrode is connected to the positive pole the potential variations recorded will be 

those of the latter only. A lead taken by this method is called a unipolar lead. Actually the electrical 

potential of the central terminal is not truly zero because the right arm, left arm, and left leg are not 

equidistant from each other and from the heart, the body tissues vary in resistance and the heart 

and the extremities do not lie in exactly the same plane in the body. The potential of the central 

terminal has been said to average around 0.3 mv. 

 

UNIPOLAR EXTREMITY LEADS: Unipolar extremity leads were initially recorded by a system in 

which the central terminal of Wilson constituted the indifferent electrode and the exploring 

electrode was one of the three of the limb electrodes. A lead is called indifferent because the 

potential existing at an infinite distance from these sources. Such leads were known as VR, VL and 

VF. At present unipolar extremity leads are obtained by disconnecting the input to the central 

terminal of Wilson from the extremity being explored. This result in a 1½ increase in the voltage. 

These augmented extremity leads are the ones currently used for clinical electrocardiography and 

are labeled AVR, AVL, AVF. 

 

AVR: Augmented Voltage of the Right Arm. The right arm is the positive electrode in reference to 

the left arm and the left leg. This lead records the electrical activity of the heart from the direction 

of the right arm.  

 

AVL: Augmented Voltage of the Left Arm. The left arm is the positive electrode in reference to the 

right arm and the left leg. This lead views the electrical activity of the heart from the direction of the 

left arm.  

 

AVF: Augmented Voltage of the Left Foot. The left foot (or) the left leg is the positive electrode in 

reference to the left arm and the right arm. This lead sees the electrical activity of the heart from the 

direction of the bottom of the heart.  

 

Unipolar Precordial Leads: The unipolar precordial ECG is obtained by placing exploring 

electrode on the classical six locations of the anterior and left portions of the chest. The central 
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terminal is used as the indifferent electrode. Unipolar leads made by this method are prefixed by 

the letter V (which stands for voltage) followed by subscript numbers 1 to 6, which indicate the 

corresponding chest sites. Precordial lead yields a positive deflection when facing positive charges 

and a negative deflection when facing negative charges. They do this according to what Wilson 

called the solid angle concept. A solid angle is an imaginary cone extending from the site in the 

chest throughout the heart. The precordial electrode is at its apex and its base is at the opposite 

epicardial surface. Precordial leads record the electrical activity from the regions of the heart over 

which they are placed as well as from distant regions. Thus if V2 is placed over the right ventricle 

part of the initial positive ventricular deflection reflects right ventricular activation with the 

corresponding electrical forces moving towards the electrode. Most portions of the terminal S wave 

represent activation of muscle other than the right ventricle reflective electric forces moving away 

from the electrode. Lead V2 is a right ventricular lead only because the electrode faces the right 

ventricle not because it records only the electrical activity of the right ventricle. The peak of the r 

(or) R wave in this and all other precordial leads gives a rough estimate of the moment of arrival of 

excitation at the muscle underneath the electrode.  

 The following positions are used for placement of a suction cup lead on the chest in order to 

obtain the correct precordial lead placement.  

V1- 4th intercostals space immediately to the right of the sternum.  

V2- 4th intercostals space immediately to the left of the sternum.  

V3- Directly between V2 and V4 

V4- 5th intercostal space – left mid clavicular line. 

V5- 5th intercostals space – left anterior axillary line.  

V6- 5th intercostals space – left mid axillary line. 

 These are precordial leads view the heart in the horizontal plane. 

V1 and V2 are placed over the right ventricle.  

V3 and V4 lie over the inter-ventricular spectrum.  

V5 and V6 are placed over the left ventricle. 

The data collected was included in the following format. 

1. Sl.No.  

2. Age  

3. Sex  

4. Standardization  

5. Rate  

6. Rhythm 

 7. Intervals—PR, QRS, QT  

 8. Axis: P axis, QRS axis 

 9. Position: Vertical, Intermediate, Horizontal  

 10. Rotation: Clockwise, Anti clockwise,  

 11 Segments: PR, ST  

 12. Other findings. 
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Graph Showing Mean and Standard Deviation Values of QRS Intervals
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Graph Showing Mean Standard Deviation values of P Axis
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Graph Showing Mean and Standard Deviation values of QRS Axis
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 The present study includes 100 normal, healthy individuals out of which 72 were males, 28 

were females. The lowest age is 16yrs and highest age is 58yrs. The heart rate varied between 46 

and 112beats/min taking 60 to 100beats/min as normal range of heart rate. Below 60beats/min 

was considered as Bradycardia and above 100beats/min as Tachycardia. Among the 100 studied 99 

individuals showed normal sinus rhythm and one showed wandering pacemaker activity. Another 

significant finding about young individuals was higher heart rates but falling in normal range. There 

were three people with bradycardia, two females and one male all adults above 40yrs (46, 55, 58). 

 Sinus Tachycardia was seen in 4 individuals and all were less than 40yrs [25, 20, 25, 28] 3 

males and 1 female with tendency for tachycardia at lower age groups.  

 

PR Interval: Varied between 0.12 sec to 0.24 sec (normal range- 0.12 sec to 0.20). One person in 

whom PR interval is 0.24 sec showed 10 heart block. His age is 42 years and the same person is also 

having left axis deviation.  

 

QRS duration: Varied between 0.08 sec to 0.12 sec. Majority showing 0.08 sec (normal range- 0.08 

sec to 0.1 sec). Only one individual showing 0.12 sec, male aged, 46 years, presented with Right 

bundle branch block. 

 

QT Interval ranged between 0.3 to 0.4 sec QRS axis: Only two patients showed (Case Nos.62, 80) 

no axis (Indeterminate axis). One with – 30 degrees and another with – 60 degrees one case (43) 

can be taken as LAD without any prolongation of QRS duration. The same patient also showed PR 

interval prolongation (i.e.,) first degree Heart Block.  
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Position of the Heart: The electrical position of the heart, which may or may not be related to the 

anatomical position, is determined by just 2 leads AVL and AVF based on the above principle, the 

electrical position of the heart is determined as 

 

 

Depending on the position of the heart, the complexes in AVL and AVF may be either positive or 

negative. Both can be positive and both can be negative. But in practice physician determines the 

axis of the heart in preference to its position, the former having more relevance than the latter in 

clinical practice.  

 

Rotation of the Heart: Before discussing rotation of the heart, it is important to understand the 

orientation of the ECG leads with respect to the body . 

 Electrical rotation of the heart refers to a rotation in the horizontal place of the heart. The 

horizontal plane is represented by the chest leads V1 – V6. A rotation in this plane is defined with 

reference to a view taken from below the diaphragm and is either clock wise or anticlockwise. 

There is however, a simple and practical way of determining the rotation of the heart. This depends 

on the zone of transition of the R and S waves in the mid precordial leads. If the zone of transition is 

seen in leads V3 or V4, then it is considered normal. If this zone shifts to V1 or V2 i.e., counter 

clockwise from V2, V4 and then the heart is rotated counter clockwise. Similarly if the zone of 

transition shifts to V5 to V6 then the heart is rotated clockwise.  

Anticlockwise 

 

 

 

 

Position   

Vertical    – 53 cases 

Horizontal   – 11 cases 

Intermediate  – 36 cases 

 

Rotation: Anticlockwise rotation is seen in nine patients, showed early appearance of R waves in 

the precordial leads.  

 

ST Segment: ERS (Early Repolarization Syndrome): ST segment was iso electric in all except 5 

individuals (case was 9, 19, 91, 97, 44) all less than 40 years. The segment elevation is preceded by 

a small spike, both put together qualifying for early repolarization syndrome.  

 Early Repolarization Syndrome of the heart ventricles occurs in population (23) over 13 

years old rather evenly. In children it is encountered significantly more frequently than in adults in 

males 2 times more than in females. In, in-patients especially with gastrointestinal and nervous 

Direction of QRS 

Complex 

Lead AVL Lead AVF Position 

Dominantly +Ve Dominantly +Ve Intermediate 

Dominantly +Ve Dominantly –Ve Horizontal 

Dominantly –Ve Dominantly +Ve Vertical 

V1 V2 V5 V6 V4 V3 V4 
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diseases and in patients with organic cardio vascular dis-orders the syndrome occurs less 

frequently. 

 Patients with thoracic pain and early repolarization were studied. E.R.S. was diagnosed on 

the basis of the presence of two criteria. ST elevation, upward concavity, notch or slur on QRS, 

asymmetrical T waves of large amplitude, U waves. Conclusion in this study was the 

electrocardiographic characteristics of ST elevation with upward concavity observed in precordial 

leads in patients with atypical precordial pain are important to establish a differential diagnosis, to 

be confirmed by previous electrocardiogram and cardiac enzymes.  

 

DISCUSSION: Electrocardiogram is graphic representation of the electrical activity of the heart and 

its conduction through the pathways, which precedes the Mechanical contraction of the heart. The 

electrical activity can be recorded from various parts of the body, limbs and chest. All these are 

considered as indirect, semi direct leads.  

 The ECG is good indicator for the change in rate, rhythm, ischemia, electrolyte levels and in 

many other conditions.  

 The ECG in normal individuals though varies from individual to individual but lies in 

particular limits of normal range. The present study is aimed at knowing whether the ECG, shows 

any abnormalities in normal individuals if so, their frequency, type and significance. The design of 

the study was such that all the individuals with known diseases in Diabetes Mellitus, Hypertension, 

COPD and other common diseases and people, with habits like smoking, alcoholism which are 

known to alter the ECG were all excluded from the study. Infants were also not included because 

the ECG varies in infants. Adults with known history of congenital heart disease, IHD were also 

excluded from the study.  

 Certain abnormalities are known to occur is normal individuals. They indicate benign 

nature like PVC’s (Premature Ventricular Contraction) or sometimes a serious disorder which is 

silent or in some case it could be congenital. 

 The present study which included both, males and females showed the following 

abnormalities (knowing about the abnormalities in normal looking people is very important, in 

treating individuals). 

 Out of 100 patients 15 showed deviation from the normal pattern. 85 persons ECG were 

well within normal limits i.e. The waves, intervals, positions, rate, rhythm and axis. Sinus 

Tachycardia was seen in 4 cases (case No.18, 37, 68, 71) graph No.1 among these 4 individuals.  

 3 males and one female all were below 40 years, indicating it is common in younger 

individuals and with male predominance. Whereas sinus bradycardia was seen is 3 people, all 

above 40 years of age graph No.1 (Case No.10, 30, 42) 2 females and 1 male. 

 

Right Bundle Branch Block: R.B.B.B. which was seen in one (Case No.48) individual without any 

other evidence of ischaemia. This can be seen is normal individuals.  

 

Premature ventricular Contractions: In the present study PVCs were seen is one individual . It is 

known that they can occur in normal individuals. It is important in making out the abnormality and 

ruling out the organic disease in the heart and important in treating them. For example PVCs in 

normal individuals are harmless. P.V.Cs with acute MI are associated with arrhythmias. 
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First Degree Heart Block: Persons with PR intervals more than 0.20 sec were considered having 

first degree heart block. If they present with low heart rate may not have significance, but with 

higher heart rates definitely indicates an abnormality of the conducting system. In this study it is 

seen in one Case No.40, Graph No.2. 

 

Left Axis Deviation: It is seen in one individual, Graph No.3, No.43. 

 

Early Repolarization Syndrome: This is characterized by ST elevation more than 3mm in 

precordial leads with upward concavity preceded by a spike. 5 individuals showed this abnormality 

all are males and less than 40 years. This shows that it is due to repolarization of certain areas of 

the heart early in the cardiac cycle. The practical importance is that the ST elevation should be 

distinguished from that of ST elevation of ischaemic heart disease especially acute MI. It is also 

observed that complexes return to normal shape with higher heart rate, example after exercise.  

 

Wandering Pacemaker: 

 Seen is one individual No.44, Graph No.2. 

List of abnormalities in the present study. 

 1. Sinus Tachycardia - 4 

 2. Sinus Bradycardia - 3 

 3. PVC’s   - 1 

 4. Wandering pacemaker  - 1 

 5. RBBB   - 1 

 6. LAD   - 1 

 7. 10 Heart Block  - 1 

 8. ERS   - 5 

 

CONCLUSION : ECG varies from individual to individual even in normals. Majority of the ECG’s in 

normal individuals shows a pattern, which falls within normal range.  

 A considerable percentage of individuals deviate from the normal pattern. The frequently 

observed abnormalities are Tachycardia, Bradycardia and ERS. 

 Less frequently seen abnormalities are LAD, 10 heart block PVC’s, wandering pacemaker, 

RBBB. 

 So understanding normal ECG and deviations in normal individuals is very important to 

interpret the diseased states, treating them, and giving the prognosis. 
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