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Introdu on 
 
Electrocardiography is a fundamental part of cardiovascular assessment. It is an  tool 
for  cardiac arrhythmias and is also useful in diagnosing cardiac disorders such as 
myocardial infarc  Familiarity with the wide range of pa rns seen in the 
electrocardiograms of normal subjects and an understanding of the e ects of non-cardiac 
disorders on the trace are prerequisites to accurate interp on. 
 
How to do an ECG 
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The six chest leads (V1 to V6) “view” the heart in the horizontal plane. The  from 
the limb electrodes is combined to produce the six limb leads (I, II, III, aVR, aVL, and aVF), which 
view the heart in the ver cal plane. The  from these 12 leads is combined to form 
a standard electrocardiogram. 
  

 
  

 leads II, III, and aVF view the inferior surface of the heart;  
 leads V1 to V4 view the anterior surface; 
 leads I, aVL, V5, and V6 view the lateral surface; and  
 leads V1 and aVR look through the right atrium directly into the cavity of the  ventricle. 
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Normal ECG 
 
 
The electrocardiogram is recorded on to standard paper travelling at a rate of 25 mm/s. The 
paper is divided into large squares, each measuring 5 mm wide and equivalent to 0.2 s. Each 
large square is  small squares in width, and each small square is 1 mm wide and equivalent 
to 0.04 s.  

 
 
The amplitude of the waveform recorded in any lead may b enced by; 

 the myocardial mass,  
 the net vector of depola  
 the thicknes the inte  
 the distance between the electrode and the myocardium.  

  
 with ventricular hypertrophy have a re large myocardial mass and are 

therefore likely to have high amplitude waveforms. In the presence of pericardial 
pulmonary emphyse  or obesit  there is increased resistance to current , and thus 
waveform amplitude is reduced. 
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The dire  of the deflec  on the electrocardiogram depends on whether the electrical 
impulse is travelling towards 
or away from a dete ng electrode.  
 By  an electrical impulse travelling directly towards the electrode produces an 

upright (“pos ) deflec  rela ve to the isoelectric baseline whereas  
 an impulse moving directly away from an electrode produces a downward (“nega ve”) 

deflec  re  the baseline.  
 When the wave of  is at right angles to the lead, an equiphasic on is 

produced. 
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Basic terminology 
 

 

  
Rate 
 
There are pacemaker cells at various sites throughout the  system, with each site 
capable of independently sustaining the heart rhythm. The rate of spontaneous n 
of pacemaker cells decreases do g system:  

 SA node (60-100 bpm) 
 Atria (< 60 bpm) 
 AV node (40-60 bpm) 
 Ventricles (20-40 bpm) 

  
Under normal  subsidiary pacemakers are suppressed by the more rapid impulses 
from the sinus node. 
during sleep). 
 
One large square of recording paper is equivalent to 0.2 seconds; there are  large squares 
per second and 300 per minute. Thus, when the rhythm is regular and the paper speed is 
running at the standard rate of 25 mm/s, the heart rate can be calculated by cou  the 
number of large squares between two  R waves (R-R Interval), and dividing this 
number into 300. Altern  the number of small squares between two  R waves 
may be divided into 1500. 
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Rhythm 
 
Lead II, which usually gives a good view of the P wave, is most commonly used to record the 
rhythm strip. 
 The term “sinus rhythm” is used when the rhythm originates in the sinus node and 

conducts to the ventricles. Cardinal features of sinus rhythm; 
The P wave is upright in leads I and II 
Each P wave is usually followed by a QRS complex 
The heart rate is 60 - 99 beats/min  

 

Cardiac axis 
 
The cardiac axis refers to the mean direc on of the wave of ventricular  in the 
ver cal plane, measured from a zero-reference point. The zero-reference point looks at the 
heart from the same viewpoint as lead I. An axis lying above this line is given a ve number, 
and an axis lying below the line is given a pos  number. , the cardiac axis may 
lie anywhere between 180 and - 180°. The normal range for the cardiac axis is between - 30° 
and 90°. An axis lying beyond - 30° is termed  axis devia on, whereas an axis > 90° is termed 
right axis de . 
  

 for which deter  of the axis is helpful in diagnosis; 
  defects—for exampl  anterior hemiblock 
 Ventricular enlargement—for example, right ventricular hypertrophy 
 Broad complex tachycardia— ve of ventricular origin 
 Congenital heart disease—for example, atrial septal defects 
 Pre-excited —for example, Wolff-Parkinson-White syndrome 
 Pulmonary embolus 
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P Wave 
 
Characteris  the P wave 

a) Po  leads I and II 
b) Best seen in leads II and V1 
c) Commonly biphasic in lead V1 
d) < 3 small squares in d  
e) < 2.5 small squares in amplitude 

  
The wave of depolarisa on is directed inferiorly and towards the  and thus the P wave tends 
to be upright in leads I and II and inverted in lead aVR. A  P wave in lead I may be due 
to; 

 incorrect recording of the electrocardiogram (that is, with  of the le  and 
right arm electrodes),  

 dextrocardia, or  
 abnormal atrial rhythms. 

  
The P wave in V1 is en biphasic. Early right atrial forces are directed anteriorly, giving rise to 
an  pos  e  these are followed by  atrial forces travelling posteriorly, 
producing a later nega ve ec . A large  de ec  (area of > one small square) 
suggests le  atrial enlargement. 
  
Normal P waves may have a slight notch, cularly in the precordial (chest) leads. Bi d P 
waves result from slight asynchrony between right and  atrial depolar . A pronounced 
notch with a peak-to-peak interval of > 1 mm (0.04 s) is usually pathological (delayed 
conduc on) and is seen in associa on with a le  atrial abnormality—for example, in mitral 
stenosis. 
  
PR Interval 
 
During this  the electrical impulse is conducted through the atrioventricular  the 
bundle of His and bundle and the Purkinje bres. The PR interval is the me between 
the onset of atrial  and the onset of ventricular depolaris  Abnormali es 
of the condu em may lead to transmission delays, prolonging the PR interval. 
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QRS complex 
 
The wave of depolarisa on reaches the endocardium at the apex of the ventricles, and then 
travels to the epicardium, spreading outwards in all direc ons.  of the right and 

 ventricles produces opposing electrical vectors, but the le  ventricle has the larger muscle 
mass and its  dominates the electrocardiogram. 
  
Nomenclature in QRS complexes 
 Q wave: Any ec  
 R wave: Any pos c  
 S wave: Any  

  
of the QRS complex is measured in the lead with the widest complex and should 

not exceed 0.10 s (2½ small squares). Delays in ventricular d —for example, bundle 
branch block—give rise to abnormally wide QRS complexes (≥ 0.12 s).  
  
The  side of the septum depolarises first, and the impulse then spreads towards the right. 
Lead V1 lies immediately to the right of the septum and thus registers an  small posi ve 
deflec  (R wave) as the depolaris ve travels towards this lead. 
  
When the wave of septal depolaris  travels away from the recording electrode, the first 
deflec  inscribed is  Thus small “septal” Q waves are  present in the lateral 
leads, usually leads I, aVL, V5, and V6. These non-pathological Q waves are; 

a. < l small square wide,   
b. < 2 small squares deep 
c. < ¼ of the amplitude of the corresponding R wave. 

  
In the precordial leads, QRS morphology changes depending on whether the n 
forces are moving towards or away from a lead. The forces generated by the free wall of the 

 ventricle predominate, and therefore in lead V1 a small R wave is followed by a large 
wave).  

  
Differ Diagnosis for a posi ve R wave in V1; 

Normal in children and young adults 
Right Ventricular Hypertrophy  

Pulmonary Embolus 
Persistence of e rn 

 
Right Bundle Branch Block 
Posterior Myocardial Infarc  (ST on in Leads V7, V8, V9) 
WPW type A (Wolff-Parkinson-White) 
Incorrect lead placement (e.g. V1 and V3 reversed) 
Dextrocardia 
Hypertrophic cardiomyopathy 
Dystrophy (Myotonic dystrophy, Duchenne Muscular dystrophy) 
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The R wave in the precordial leads steadily increases in amplitude from lead V1 to V  with a 
corresponding decrease in S wave depth  culm  in a predominantly pos  complex in 
V6. Thus, the QRS complex gradually changes from being predominantly  in lead V1 to 
being predominantly pos  in lead V6. The lead with an equiphasic QRS complex is located 
over the transi on zone; this lies between leads V3 and V4 but shi  towards the  with 
age. 
  

 
  
The height of the R wave is variable and increases progressively across the precordial leads; it 
is usually < 27 mm in leads V5 and V6. The R wave in lead V6, however, is o smaller than 
the R wave in V5, since the V6 electrode is further from the  ventricle. A tall R wave is 

ed as an R wave which is the same size as an S wave.  
  
The S wave is deepest in the right precordial leads; it decreases in amplitude across the 
precordium and is  absent in leads V5 and V6. The depth of the S wave should not exceed 
30 mm in a normal individual, although S waves and R waves > 30 mm are occasionally recorded 
in normal young male adults. 
  
Low voltage is generally ed as QRS amplitudes of < 5 mm in all the limb leads or QRS 
amplitudes of < 10 mm in all the precordial leads. The e al diagnosis for low voltage 
includes; 

Myxoedema 
Large pericardial e on 
Large pleural  
End-stage cardiomyopathy 
Severe chronic o y disease 
Severe obesity 

ardial diseases 
r  and  

Prior massive MI. 
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ST segment 
 
ST segment lies between the J point and the beginning of the T wave and represents the period 
between the end of ventricular d  repola  
  
In leads V1 to V3 the rapidly ascending S wave merges directly with the T wave, making the J 
point indis nct and the 
ST segment difficult to fy. This produces on of the ST segment, and this is known 
as “high take-off.” 

 
  
Nonpathological eleva  of the ST segment is also associated with benign early 

 common in young men, athletes, and black people. 
  
T wave 
 
Ventricular repolarisa on produces the T wave. T wave orienta  usually corresponds with 
that of the QRS complex, and thus is inverted in lead aVR, and may be inverted in lead III.  
T wave inversion in lead V1 is also common. It is occasionally accompanied by T wave inversion 
in lead V2, though isolated T wave inversion in lead V2 is abnormal.  
  
T wave inversion in ≥ 2 of the right precordial leads is known as a persistent juvenile pa ; 
it is more common in black people.  
  
The normal T wave is asymmetrical, the first half having a more gradual slope than the second 
half. The presence of symmetrical, inverted T waves is highly sug  of myocardial 
ischaemia, though asymmetrical inverted T waves are frequently a nonspecific finding.  
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Severe ECG changes mimicking acute myocardial infarc  frequently complicate 
pre ons of acute intracranial pathology, such as; 

haemorrhagic stroke,  
subdural hematoma,  
epidural hematoma,  
seizures, and/or  
subarachnoid haemorrhage.  

 
Most commonly, ECG changes in these processes manifest as altera ons in the ern of 
repolariza on, such as in the QT interval, ST segment, and/or T waves. A prolonged QT interval 
and prominent peaked or deeply inverted and symmetric T waves are commonly seen.  
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The pathogenesis of ECG changes and cardiac arrhythmia in the  of a CNS event involves 
alter  in the complex neural-cardiac pathways that are responsible for normal autonomic 
control of cardiac on.  
  
No widely accepted criteria exist regarding T wave amplitude. As a rule, T wave amplitude 
corresponds with the amplitude of the preceding R wave, though the tallest T waves are seen 
in leads V3 and V4.  

The T wave should generally be at least ⅛ but < ⅔ of the amplitude of the corresponding 
R wave; T wave amplitude rarely exceeds 10mm 

  
Tall T waves may be seen in; 
  

 
  

a) Hyperkalaemia - In hyperkalaemia, the T waves are tall, symmetric, pointed, and tented 
as if pinched from above. The T waves of hyperkalaemia are usually narrow-based, 
whereas in the other condi ons noted below they usually have a broader base. 

b) Acute myocardial ischaemia - the T wave is ini ally tall and is called hyperacute T wave 
changes -- "more acute than acute." In such a case, the T wave is symmetric but not 
narrow, not pointed, and not tented.  

c) Ac  
d) ertrophy,  
e) Benign early repolariza on, 
f) Bundle-branch block, and  
g) on syndromes.  
h) Some s have tall T waves as a normal variant. In that case, the T wave is not 

symmetric (the upstroke takes mor e than the downstroke).  
  
QT interval 
 
The QT interval represents the total  taken for  and repolarisa n of the 
ventricles. Prominent U waves can easily be mistaken for T waves, leading to over a  of 
the QT interval thus the QT interval is measured in lead aVL as this lead does not have 
prominent U waves. 
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The QT interval lengthens as the heart rate slows, and thus when measuring the QT interval, 
the rate must be considered. As a general guide the QT interval should be 0.35 - 0.45 s and 
should not be > ½ of the interval between adjacent R waves (RR interval).  

 
 
The QT interval increases slightly with age and tends to be longer in women than in men. 
Baz  corre  is used to calculate the QT interval corrected for heart rate (QTc): QTc = 

-R (seconds). 
  
U wave 
 
The U wave is a small de ec  that follows the T wave. It is generally upright except in the 
aVR lead and is o most prominent in leads V2 to V4.  
  
U waves result from of the; 

mid-myocardial cells—that is, those between the endocardium and the epicardium—
and  
His-Purkinje system. 

Many electrocardiograms have no discernible U waves. Prominent U waves may be found in; 
Athletes 
Hypokalaemia and  
Hypercalcaemia 
Torsades de pointes 

  

 

 



 
  
 
Summary ECG Interpreta  
 

1. ent’s name, age and hospital number as recorded on the ECG 
2. Confirm date med 
3. Confirm correct paper speed (25mm/s cm/mV) 
4. Rate 
5. Rhythm 
6. Axis 
7. P-Waves 
8. PR-Interval 
9. QRS complex 
10. ST-segments 
11. T waves 
12. U waves 
13. QT interval 
14. Summary 
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