
7.8 Arrhythmias

Background: arrythmias (more accurately called dysrythmias) may arise because of (1) problems within the hearts pacing system or (2) its conduction system.

The pacing system consists of cells that spontaneously depolarise at a certain natural rate: this is 60-100 per minute in the SA node, 50-60 per minute in the AV node and 30-40 per minute within the perkinje fibres. Cells within the rest of the myocardium do not normally depolarise spontaneously but may gain the ability to do so (becoming ‘ectopic foci’) as a result of pathology.

In pacemaker cells there is no resting potential – the potential instead alters with time due to the dynamic balance between ions resulting from the actions of several types of channel.

	Hyperpolarising channel
	Na+ in

	Depolarising channel
	2 K+ in for every

3 Na+ out


As can be seen, the heart rate is dependent upon the rate at which the hyperpolarizing channels work. Sympathetic stimulation (or anticholinergic) increases the amount of these channels open at any given time while cholinergic (parasympathetic) stimulation decreases the amount of these channels open at any time.


Once these channels have carried the membrane potential to the threshold potential, slow Ca2+ channels open to provide the upstroke of the action potential. K+ channels open and gradually restore the balance of ions to restore the negative potential so the cycle can repeat.

Mechanisms of arrythmias

Alterations in sinus node activity

Sympathetic (1) stimulation increases 

· Amount of open Na+ channels which ( speed of phase 4 depolarisation and so ( heart rate.

· Amount of open Ca2+ channels which ( speed of phase 0 depolarisation and so ( heart rate.

 blockers decrease such stimulation so (HR

Cholinergic (parasympathetic) stimulation yields the reverse of above and also

· Increases the amount K+ channels open which ( membrane potential and so makes it harder to depolarise the cell and so ( heart rate.

Atropine blocks the cholinergic response so (HR

	This is summarised:

	Na+
	Inwards
	Phase 4 depolarisation
	Sympathetic (1) stimulation increases



	Ca2+ 
	Inwards
	Phase 0 depolarisation
	Sympathetic (1) stimulation increases 



	K+
	Outwards
	Repolarisation
	Cholinergic stimulation increases 




Recognise the common arrhythmias (ventricular extra systoles and tachycardia, supraventricular tachycardia, atrial fibrillation, bradycardia including heart block)

	Presentation

· Palpitation

· Chest pains

· Presyncope/syncope

· Hypotension

· Pulmonary oedema

· May be asymptomatic
	History

· Palpitations: Precipitating factors, rate, rhythm, duration, associated symptoms.

· PMH of heart disease

· FH of heart disease

· Drugs: caffeine, 2 agonists, digoxin, L Dopa, tricyclics, doxyrubicin, adriamycin


Ventricular extrasystoles

· These are contractions of the ventricles without the atria

· The ECG sign is a wide QRS complex (>3 small squares) with no preceding P wave

Atrial extrasystole
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	Ventricular Extrasystole
	Atrial Extrasystole


Tachycardia

· This is a heart rate >100  (R-R interval <3 large squares)

· A supraventricular tachycardia has a QRS complex of normal or narrowed interval

· A ventricular tachycardia has a wider than normal (>3 small squares) interval.

· HR>140 can be known as a tachyarrythmia.

· Any cause of adrenergic stimulation (including pain); 

· Thyrotoxicosis; 

· Hypovolaemia; 

· Vagolytic drugs (e.g. atropine) 

· Anaemia, pregnancy; 

· Vasodilator drugs, including many hypotensive agents; 

· FEVER 

· Myocarditis 

If the rate is almost exactly 150, always make sure that you are not mistaking atrial flutter with a 2:1 block for sinus tachycardia. A common error. 

Atrial Fibrillation

· This is indicated by the lack of a P wave. The resultant ‘shaky’ pattern is known as an F wave.

· A ‘shaky’ pattern that is superimposed over a normal P wave / QRS complex can be caused by a parkinsonian tremor / CO2 tremor or similar.

· A ‘sawtooth’ pattern indicates atrial flutter rather than atrial fibrillation.

· Causes of AF include thyrotoxicosis

Bradycardia

· This is a heart rate <60 (R-R interval >5 large squares)

· May be physiological in athletes / dancers etc. who are very fit.

· Pathological causes include heart block and also

· Hypothermia; 

· Increased vagal tone (due to vagal stimulation or e.g. drugs); 

· Hypothyroidism; 

· Beta blockade; 

· Marked intracranial hypertension; 

· Obstructive jaundice, and even in uraemia; 

· Structural SA node disease, or ischaemia. 

Heart Block

There are several types of heart block that are important. In assessing heart block look at 

· P-R interval (is it constant, is it lengthened)

· Amount of P waves per QRS complex

	Type
	ECG sign

	1st degree
	A constant, prolonged P-R interval (>5 small squares)

	2nd degree (Mobitz 1)
	A P-R interval that lengthens over several beats until a ventricular extrasystole restores the cycle. P-R interval then lengthens again…

	2nd degree (Mobitz 2)
	2:1, 3:1, 4:1 etc. P:QRS ratio – the P-R interval between the last P wave and the QRS complex will be constant.

	3rd degree
	P waves and QRS complexes are temporally unrelated. This may look like Mobitz 2 but there will be a varying P-R interval.


There are also ‘bundle branch’ blocks – these are blocks within the Bundles of His that carry electrical impulses from the AV node to the ventricles. There are normally two branches supplying the right heart and one supplying the left. The Mnemonic WiLLiaM MaRRoW can help you remember the ECG signs for these blocks.

· LBBB: A W shaped QRS complex in lead V1 and a M shaped complex in lead V6 (WiLLiaM – the L stands for LBBB)

· RBBB: A M shaped QRS complex in lead V1 and a W shaped complex in lead V6 (MaRRoW – the R stands for RBBB). Note that a RBBB may be a normal variant – this occurs if only one right bundle branch is present rather than the normal 2.

· The V6 traces are unreliable and may or may not be present.

Initiate appropriate investigations

· FBC, U&E
· Glucose
· Ca2+: Imbalance
· Mg2+: Imbalance

· TSH: Hyperthyroid
· ABG: hypoxia, hypercapnia, metabolic acidosis – if clinical signs indicate.
· ECG: IHD, AF, Long Q-T, WPW (short P-R interval) as well as signs above for type of block.

· Echocardiography: structural heart disease e.g. mitral stenosis

· Provocation tests

Initiate appropriate management

	Atrial Fibrillation
	·  blockers or calcium channel antagonists to promote AV node block and reduce ventricular rate.

· Systemic anticoagulation if AF has been present for more than 48 hours to reduce risk of thromboembolism due to stasis in atrium.

· Cardioversion to sinus rhythm via class IA, IC or III drugs.

· Electrical cardioversion if this fails

	1st degree block
	· Treatment usually not required.

	Mobitz 1 (2° block)
	· Treatment usually not required. 

· If symptomatic, IV atropine. 

· If no response then a pacemaker in indicated.

	Mobitz 2 (2° block)
	· Pacemaker – even in asymptomatic patients to prevent 3rd degree block.

	3rd degree block
	· Permanent pacemaker almost always required.


· Explain cardiac pacing to patients

· Pacemakers supply a signal that makes the heart beat at the correct rate.

· They have batteries that last 7-15 years.

· The pacemaker lies just under the skin and may be programmed through the skin.

· The patient may not drive for one week after the pacemaker has been fitted.










This is summarised:�
�
Na+�
Inwards�
Phase 4 depolarisation�
�
Ca2+ �
Inwards�
Phase 0 depolarisation�
�
K+�
Outwards�
Repolarisation�
�












