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Do ECGs leave you 
like this…

 
What they all mean..

•SA node activation - not seen on ECG
•Atrial depolarization - p wave

•Atrial repolarisation - not seen on ECG

•AV node activation - not seen on ECG

•His-Purkinje depolarisation - not seen on ECG

•Depolarisation of ventricles - QRS complex

•Repolarisation of ventricles – T wave
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CARDIAC VECTORS

QRS Vector
P Vector
T Vector

PR interval 

Normal 3 to 5 small squares

(0.12 to 0.2s)

QRS interval 

Normal up to 3 small squares

(0.12s)
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Resting ECG

• Rate
• Rhythm
• Axis
• P waves
• PR interval
• QRS complexes
• ST segments
• T Waves
• QT interval…. 

• 1500 divided by the number of small boxes between two 
R waves
1500/25 (small boxes) = 60 beats/min

• 300 divided by the number of large boxes between two R 
waves
300/5 (large boxes) = 60 beats min.

• Count the number of cardiac cycles in 6 seconds and 
multiple this by 10. (irregular rhythm – AF)

Large box

Small box

• Normal 60-100

• > 100 is tachycardia

• < 60 is bradycardia

52 31 4 6

80/min.

Rate

Normal Frontal QRS axis

Taken from: The ECG made Easy. J R Hampton

The cardiac axis refers to the general direction in which the heart depolarises.
• Identify the lead with the most equiphasic/isoelectric QRS

- Frontal axis is at right angles to this

• Limb lead II usually holds the clue!

Frontal QRS axis

If leads I & II are positive - Normal axis

Right axis deviation

Taken from: The ECG made Easy. J R Hampton

If lead II & III are positive 
and I negative - Right Axis deviation

Causes of Right Axis Deviation

• Normal finding in children and tall thin adults 

• Pulmonary Embolus 

• Right ventricular hypertophy

• Chronic lung disease (with or without pulmonary hypertension)

• Valvular disese (right side) 

• MI 

• Left Posterior Hemiblock 

• Wolff-Parkinson-White syndrome - left sided accessory

• Congenital Disease

– Atrial Septal Defect 

– Ventricular Septal Defect 
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Left axis deviation

Taken from: The ECG made Easy. J R Hampton

If lead I is positive and II and III 
negative - Left Axis deviation

Causes of Left Axis Deviation

• Left ventricular dilation/hypertrophy
• Hypertension
• Valve disease (left side): aortic stenosis, regurgitation, mitral regurgitation
• Left Anterior Hemiblock
• MI 
• Emphysema
• Hyperkalaemia 
• Wolff-Parkinson-White syndrome - right sided right sided accessory pathway
• Congenital Disease 

– Tricuspid Atresia 
– Septal defects, ostium Primum ASD 

QT interval

QT interval 

440 ms for males

460 ms for females

>480ms  

(rate dependent)

Arrhythmias

Sinus Arrhythmia
Autonomic Modulation During Respiration

Sinus Bradycardia

HR less than 60 beats / min.
• Drugs

• Hypothyroidism

• Hypothermia 

• Sick Sinus Syndrome

• Heart Block

• Athletes

• Obstructive Jaundice

• Typhoid fever (relative)  

30 BPM

Heart Block
Conduction problems in the AV node/His Bundle

First Degree

PR Interval Prolonged (> 0.2 ms)

PR = 0.32 Seconds
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Second Degree Heart Block
(1)   Mobitz Type I (Wenckebach)

• PR interval lengthens, followed by a non conducted P     
wave.

• The next conducted beat has a shorter PR interval than the 
preceding conducted beat

Second Degree Heart Block

(2) Mobitz Type 2

• Constant PR interval with an occasional non 
conducted P wave 

Second Degree Heart Block

2:1 Advanced Heart Block
Various conducted  and non conducted sinus beats 
in different ratios 

Second Degree Heart Block
Advanced Heart Block
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Third Degree/Complete Heart Block With Wide QRS 
Complex

• Atrio-ventricular dissociation

• Escape rhythm can be narrow complex (junctional escape) or  
broad complex (ventricular in origin)  

Treatment of Heart Block

Type of HB Treatment Option 
 
First degree 
 

 
  Observe 

Second Degree 
 Wenckebach 
 Mobitz Type 2 
 Advanced HB 
 

  
  Observe/PPM 
  Observe/PPM 
  PPM 
 

Third Degree   PPM 

 
 

LBBB- William

Causes of LBBB are: 

• Cardiomyopathy
• Acute/previous myocardial infarction
• Hypertension
• Septal defects
• Left ventricular hypertrophy
• Primary disease of the cardiac electrical conduction system
• Left sided valve disease (aortic valve stenosis/regurgitation, mitral 

regurgitation
• Myocarditis, Lyme disease
• Post cardiac surgery
• Rarely occur in structurally normal heart

RBBB -Marrow
Causes of RBBB are: 

• Can occur without heart disease
• Cardiomyopathy
• Acute/previous myocardial infarction
• Pulmonary hypertension
• Atrial septal defects
• Pulmonary emboli
• Right ventricular hypertrophy/dilatation
• Right sided valve disease (pulmonary stenosis/regurgitation, 

triscupid regurgitation
• Primary disease of the cardiac electrical conduction system
• Ischaemic heart disease
• Myocarditis, Lyme disease
• Ebstein’s anomaly
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Supraventricular Ectopics
Atrial Extrasystoles/Supraventricular ectopics

Precordial lead V1 and limb lead II 04/01/2019

Atrial Fibrillation

• Individual muscle fibres contract independently and without 
coordination (micro-reentry circuits)

• Absence of P waves 
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Multifocal atrial rhythm
Mutifocal atrial tacyhcardia

• PR bleeding
• Rectal adeocarcinoma
• Awaiting Surgical 

resection
• Apixiban discontinued

Atrial Flutter

Saw tooth appearance of baseline (macro-reentry circuit 
between the lateral wall of the right atrium and the 
interatrial septum).

Atrial Flutter
The AV node cannot conduct atrial rates greater than 200 beats/ 
min.  Atrial rates higher than 200 beats/min can result in AV 
block

2:1

4:1

2:1
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AVNRT Tachycardia

Regular Narrow Complexes

Junctional (AVNRT) Tachycardias

Treatment

• Vagotonic manoeuvres

• Pharmacological

- Adenosine

- Verapamil

- Beta Blockers

- Class 1, II and III antiarhythmic drugs

CSM

Coughing

Valsalva

WPW

AV Re-entrant tachycardia
(WPW)

• Accessory connection 
between the atrial and 
ventricular myocardium.

• Left sided pathway is the 
most common.

• Initial abnormal ventric-
ular depolarisation (Delta 
waves).

WPW
(1) Short PR interval

(2) Delta Waves

(3) Abnormal Q waves
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WPW
Radiofrequency Ablation

Before After

Ventricular ectopics
How many? Alternative focus? Runs of VE’s? Salvos, bigeminy, 
trigeminy?  

Ventricular bigeminy

Ventricular trigeminy

● Hypertension with left ventricular  hypertrophy
● Acute myocardial infarction
● Heart failure (HF)
● Myocarditis
● Hypertrophic/Dilated cardiomyopathies
● Congenital heart disease
● Idiopathic ventricular tachycardia
● Recreational drugs
● Chronic obstructive pulmonary disease and other 

pilmonary diseases
● Sleep apnea
● Endocrinopathies (thyroid, adrenal or gonadal 

abnormalities) 
● Nicotine, alcohol, sympathomimetic agents (eg, 

beta-agonists, decongestants, antihistamines) or 
illicit drugs (eg, cocaine, amphetamines).

Ventricular ectopics

Monomorphic VT

• Regular, rapid succession of ventricular ectopic  beats each 
with the same appearance

• Wide complexes (> than 120 ms)

• AV dissociation (independent p waves, fusion beats and 
capture beats)

MVT
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ST depression
73 yr old surgeon, self 
referred for an ETT

Exercised for 7 mins. ECG - 3 min. into  recovery

MSc 2008 57

ECG Voltage Criteria for LVH

• Sokolow + Lyon (Am Heart J, 
1949;37:161)

– S V1+ R V5 or V6 > 35 mm

• Cornell criteria (Circulation, 1987;3: 
565-72)

– SV3 + R avl > 28 mm in men

– SV3 + R avl > 20 mm in women

• Romhilt + Estes + Estes (Am Heart J, 
1986:75:752-58)

– Point score system

• Framingham criteria 
(Circulation,1990; 81:815-820) 

– R avl > 11mm, R V4 > 11mm, R V4-
6 > 25mm

– S V1-3 > 25 mm, 

– S V1 or V2 + 3 > 25 mm

– R V5 or V6 > 35 mm, 

– R I + S III > 25 mm

Established by autopsy, echo and now MRI data

MSc 2008 59

LVH with ‘Strain’ pattern
Diagnosis of MI on ECG

• 1mm of ST elevation in 2 or more consecutive 
limb leads (e.g. II,III,aVF)

• 2mm of ST elevation in 2 or more consecutive 
chest leads 

• New LBBB
• (Also on of chest pain / positive cardiac enzyme)
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Inferior MI Anterior MI

Pericarditis
30.04.2014

30.04.2014

30.04.2014
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24.06.2012

Brother’s ECG - Brugada syndrome

39 yr old 
male

23/12/15

Case 2
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Case 2 Case 2

Ca
se

 2

Case 3

Case 3
77 year old lady

Case 3
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58 beats/min.

Case 3

Case 3

Case 3 Case 3
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Case 6

Case 6

Ca
se
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Ca
se
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Case 7

Ca
se

 7
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Case 7A Case 7A

Case 7A

Correspondence from a GP:
Asymptomatic 64 yr Old heavy drinker
Irregular pulse – looks like ectopic beats as preceding p waves

Summary

• ECGs are easy (ish)
• Just use a system
• You only get good at ECGs by reading 

hundreds and thousands
• NEVER EVER believe what the 

automated machine say… you are 
better than a computer!
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