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10 mm = 1 mv

1 small square = 1 mm,  40 ms; 
0.1 mv

1 large square = 5 mm, 200 ms; 
0.5 mv



Amplitude Volts

Duration Seconds

Frequency Per minute

Direction Axis
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Beginning of the QRS to the end of T wave,(Depolarization + repolarization time)

Decreases with increasing heart rate, influenced by gender / age

Not more than half of the R-R interval



>0.32 sec
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Electrical Axis 
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Normal P wave

‘Always’ positive in Lead II

Most often positive in leads I, aVL

Negative in aVR

Duration < 0.12secs

Height < 2.5mm
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Normal QRS

Duration < 0.12secs

At least one limb lead with R wave height > 5mm and one chest 
lead > 10mm (otherwise it is low voltage)

S wave in V1 or V2 + or in V5 < 35mm (otherwise it is high voltage)

R wave transition in V2/V3

Q wave : < 0.03 sec and < 25% of R wave



QRS Pattern Precordial Leads



QRS Morphology
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Q Wave



Abnormal Q Wave



J Point



J Point : Slur/Notch



ST Segment : Elevation



ST Segment : Depression



ST Segment Depression : Patterns
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Normal T wave 

Positive in leads I, II, V5 and V6

Negative in aVR

May be inverted in lead III and/or aVL

May be inverted in leads V1 to V3



T waves : Patterns



T waves : Patterns



T waves : Patterns



T waves : Patterns



U wave 

Occasionally seen after the T wave

Genesis ?

Usually prominent in V2 and V3, young, athlete, slow heart rates

Height 1/3 rd of the T wave

U wave inversion : Rare, indicates CAD/HTN 
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Normally not seen

Significance & source of  origin - uncertain













Normal Variants (vs) Normal Accompaniments

Normal Variants:

Asymptomatic Alteration in the shape, size, duration, regularity of
one or more components of the ECG waveforms in a structurally
normal heart by clinical examination

Normal Accompaniments:

Secondary changes in the ECG waveform due to primary
depolarization abnormality.



Normal Variants 

Sinus bradycardia

Wandering atrial
pacemaker

Low atrial rhythm

Ectopic atrial rhythm

Abnormal axis

First-degree AV block

Wenckebach
phenomenon

Premature Atrial / 
Ventricular Ectopics

Non specific IVCD

RBBB/LBBB

Early repolarization

LVH by voltage criteria

Low voltage 
complexes

T/U variants

QTc Variants

Sinus arrhythmia

Sinus tachycardia

LAE/RAE





Normal ECG
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Q waves
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Juvenile T wave
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Sinus Arrhythmia
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Sinus Bradycardia
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Sinus Tachycardia
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Isorrhythmic
AV Dissociation
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Ectopics
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Ectopic Atrial Rhythms
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First Degree A-V Block



THE MADRAS MEDICAL MISSION



AV Wenckebach
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RBBB
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LBBB
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Axis Deviation,
Large Voltages
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Benign  LVH
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Early Repolarization Pattern
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Low Voltage Complexes
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PR interval: Beginning of P to beginning of QRS  (PQ or PR interval)

Time taken for the sinus impulse to activate the ventricular myocardium

120 – 200 ms



Ventricular Depolarization

80 – 120 ms





ST SEGMENT: End of ventricular depolarisation to the beginning of repolarisation

fairly flat, may slope upwards slightly before merging with the T wave





T wave – Ventricular repolarization, polarity similar to QRS

2/3rd of amplitude of corresponding R wave

No widely accepted criteria regarding amplitude - rarely exceeds 10 mm



Tall & Peaked Broad & Tall
Symmetrical, 
deeply inverted

Upright T wave
with ST depression Broad with LQT





















Atrial depolarization

Maximal height = 2.5 mm (leads II /III)

Duration < 0.12 seconds

Positive in II and AVF, and biphasic in V1
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Normal

CCWR

CWR

R wave progression : Chest Leads
(Transition)



















Einthoven Triangle



Einthoven Triangle














































































