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[image: ]Not only the standard (resting) 12 lead ECG, but also 
· Ambulatory (Holter, others) recordings 
· Exercise stress test 
· Tilt table test
· Telemetry
· Intracardiac (EP) recording 
· Eosophageal recording 
· Pacemakers, cardioverters/defibrillators 
· Coronary angiography 
· Echocardiography 
All cells are negatively charged inside relative to the outside 
· Some cells are excitable – can generate action potential 
[image: ]

· Ionic current during the action potential 
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· Extracellular potential field created by the activation of a myocardial bundle 
· Axes of the peripheral leads 
[image: Lead I - eHeart-fig-05][image: Lead II - eHeart-fig-11]
[image: Lead III -eHeart-fig-12]REMEMBER, RIGHT HAND = NEGATIVE

[image: Einthoven-triangle]
· All the leads are bipolar because they record the potential difference between the two electrodes 
· A unipolar lead is a lead in which the potential of the negative electrode varies very little (remains practically the same) compared to the potential of the positive electrode
· [image: ]Hence a unipolar lead records predominantly the potential beneath the positive electrode 






[image: ]Precordial Leads 

[image: ]
		Lead I, II and III : 0, +60, +120
		aVR, aVL, aVF: -150, -30, +90



[image: ]
· Frontal Plane Leads 
· A bipolar lead is a lead that has a positive and negative electrode (Leads I, II & III)
· Lead I views the lateral surface of the left ventricle; the QRS in lead I is predominantly positive because the direction of depolarisation is towards the positive electrode 
· Lead II views the inferior surface of the left ventricle; The QRS in lead 2 is normally positive because the direction of depolarisation is predominantly towards the positive electrode; lead II is commonly used for cardiac monitoring because positioning of the positive and negative electrodes in this lead most closely resembles the normal pathway of current flow in the heart 
· Lead III views the inferior surface of the left ventricle; p waves in this lead may normally be positive, negative or biphasic and are usually of lower amplitude than lead II; R wave is not as tall as in lead 2 
· A lead that consists of a single positive electrode and a reference point is called a unipolar lead (augmented limb lead – aVR, aVL, aVF)
· The electrical potential produced by the augmented leads is normally relatively small (the ECG amplifies this) 
· aVR views the base of the heart, primarily the atria and the great vessels  - this lead does not view any walls of the heart; p waves and QRS complexes are normally negative in this lead because the direction of depolarisation is away from the positive electrode 
· aVL views the lateral wall of the left ventricle. The QRS in lead aVL is neither primarily positive nor negative because the direction of depolarisation is essentially perpendicular to the positive and negative electrodes 
· aVF views the inferior surface of the left ventricle – the QRS is positive because the direction of depolarisation is primarily toward the positive electrode  
· The reference point lies in the centre of the heart’s electrical field (left of the interventricular septum and below the AV junction) 
· Horizontal Plane Leads 
· V1-6
· Each electrode is a positive electrode – the negative electrode is found at the electrical centre of the heart thus the chest leads are also unipolar 
· If the wave of depolarization moves towards the positive electrode, the waveform recorded on the ECG would be upright
· If the wave of depolarisation moves towards the negative electrode, the waveform recorded would be inverted 
· [image: ]A biphasic (partly positive, partly negative) waveform or a straight line is recorded when the wave of depolarization moves perpendicularly to the positive electrode 
Check for correct lead placement 
[image: ]
[image: ][image: ]
· R or S if >0.5Mv
· r or s if <0.5Mv
Conduction system 
[image: ]
· SA node
· In the wall of the right atrium 
· Sets basic rate: 70-80
· Is the normal pacemaker
· Is the fastest; other pacemakers are slower and less reliable 
· Just the first bit of the p wave
· Impulse from SA to atria
· Impulse also AV node via intermodal pathway
· AV node – in interatrial septum
· Purposeful delay before sending the impulse off to the ventricles 
· SA node through AV bundle (bundle of HIS)
· Into interventricular septum 
· Divides 
· R & L bundle branches become subendocardial branches (Purkinje fibres)
· Contraction begins at the apex 
[image: ]
· Cardiac action potentials and the ECG
[image: ]
[image: ]0.12 – 0.2s
1 large square
0.36 – 0.44s
2 large squares
s
3 small squares

· Analysing the ECG
· What is the rhythm? (sinus or other, one or more rhythms)
· What is the heart rate? (normal, too fast/slow, rhythmic or not)
· To calculate ventricular rate, use the RR interval 
· 300/number of large squares 
· 1500/ number of small squares 
· Look at the P wave and PQ (PR) interval 0.12 – 0.2
· Onset of P wave to onset of QRS complex 
· Time taken from SA node to ventricle 
· Measurement of AV node conduction time 
· Typically 120-200 mm/sec 
· 3-5 small squares 
· Analyse the QRS complex 
· Duration: normal <110ms, practically <120ms i.e. 3 small squares 
· Axis in the frontal plane (limb leads)
· R/S progression in the horizontal plane (precordial leads)
· Look for left or right ventricular hypertrophy
· Look for bundle branch block 
· Early repolarisation, pre-excitation etc 
· Look at the ST segment 
· Isoelectric, depression, elevation, shape
· ST elevation at the J point 
· Lead V2 & V3
· Men <40:<0.25mV = 2.5mm
· Men >40:<20mV = 2mm
· Women <0.15mV = 1.5mm
· The T wave 
· Direction (positive, negative, flat), amplitude, shape
· The most variable part of the ECG
· Positive in all leads except the AVR 
· Could be  negative in V1, occasionally up to V3 in black women
· Always asymmetrical
· The QT interval (Corrected for the heart rate , QTc)
· Too long, too short, normal 
· Sinus respiratory arrhythmia is a normal finding
· 0.36 – 0.44
· If there are U waves is it normal or abnormal?
· Criteria for normal sinus rhythm
· A P wave morphology P wave (atrial contraction) precedes every QRS complex 
· The rhythm is regular but varies slightly during respirations
· The rate ranges between 60 and 100 beats per minute 
· The P waves maximum height at 2.5mm in II and/or III
· The P wave is positive in I and II, and biphasic in V1
· PR interval between 0.12 – 0.20 seconds in duration
· QRS complex less than 0.12 seconds in width and consistent in morphology
[image: ]

Arrhythmias 
Symptoms that may be reported by a patient experiencing arrhythmias
SHuPPP:
· Presyncope/syncope
· Hypotension
· Palpitations
· Pulmonary oedema 
· Chest pain 
· A heartbeat that’s too fast, too slow or irregular (uneven)
· Caused by problems with the hearts electrical system 
· Includes 
· Atrial fibrillation 
· Atrial tachycardia
· Bradycardia
· Heart Block 
· Ventricular fibrillation 
· Ventricular tachycardia

Mechanisms of tachyarrhythmia’s 
· Rentry – 90% of arrhythmias 
· [image: ]1st diagram: conductions cancer each other out
· 2nd diagram: impulse on B side is slower and so therefore slow limb has a chance to be ready for the next impulse causing circular re-entry 
· Abnormal automaticity 
· Automatic impulse generation from unusual site or overtakes sinus node 
· Triggered activity 
· Secondary depolarization during or after repolarization 











· Supraventricular tachycardias (originating above the bundle of HIS)
[image: ]
· General Management according to the Grey Book 
· a 12 Lead ECG must be obtained in all cases
· It is important to diagnose the disturbance accurately, as therapy will depend on the particular rhythm 
· Paroxysms should be terminated and preventative treatment started
· Chronic arrhythmias which can not be terminated should be slowed 
· Chronic AF, Atrial Flutter and Atrial tachycardia can be treated with digoxin or other AV nodal blocking drugs (diltiazem, beta blockers) 
· Junctional re-entry tachycardias are most effectively terminated with IV adenosine 6mg over 2 secs; If no effect is seen within 1 minute, give a second injection of 12mg – further doses are not recommended 
· Should not be given to patients with asthma or severe obstructive airways disease 
· AVNRT – AV nodal re-entrant tachycardia 
· Occurs when a re-entry circuit forms within or just next to the AV node 
· (dual AV NODE)
· Circuit usually involves two anatomical pathways in the right atrium 
· The fast pathway
· (anterior) Superior and posterior to the AV node 
· The slow pathway 
· Located posterior to the AV node often following the anterior margin of the coronary sinus 
· These pathways are formed from tissue that behaves very much like the AV node

· In common AVNRT, the anterograde conduction is via the slow pathway and the retrograde conduction is via the fast pathway (slow-fast AVNRT)
· Because the retrograde conduction is via the fast pathway, stimulation of the atria (which produces the inverted P wave) will occur at the same time as stimulation of the ventricles which causes the QRS complexes 
· As a result, the inverted P waves may not be seen on the surface ECG since they are buried with the QRS complexes 
· Often the retrograde (fast) P wave is visible but also in continuity with the QRS complex 
· Pseudo r’ wave seen best in V1 
· Pseudo S waves seen in inferior leads
· [image: ]
[image: ]


· In uncommon AVNRT 
· The anterograde conduction is via the fast pathway and the retrograde conduction is via the slow pathway (fast-slow AVNRT)
· [image: ]Because the retrograde conduction is via the slow pathway, stimulation of the atria will be delayed by the slow conduction tissue and will typically produce an inverted P wave that falls after the QRS complex on an ECG

· Multiple slow pathways can exist so that both anterograde and retrograde conduction are over slow pathways (slow-slow AVNRT)
· An overactive thyroid increases the risk of AVNRT 
· AVRT – Atrioventricular reciprocating tachycardia  
[image: ]
· [image: ]Most commonly associated with Wolf-Parkinson-White syndrome in which an accessory pathway allows electrical signal from the ventricles to enter the atria and cause premature contraction and repeat stimulation of the AV node
· During AVRT, electrical signal passes in the normal manner from the AV node into the ventricles. It then pathologically passes back into the atria via the accessory pathway causing atrial contraction and returns to the AV node to complete the re-entrant circuit
· Once initiated, the cycle may continue causing an episode of tachycardia 
· Initiation of the tachycardia may be through a premature impulse of atrial, junctional or ventricular origin 
· [image: ]Because the normal conduction route through the purkinje fibres is fast, the QRS complex is usually narrow however if conduction does not go through the normal route, wide QRS complex is present
[image: ]
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Wolf Parkinson White
[image: ]
General Supraventricular Tachycardia[image: ]
Do not give AV Nodal Blocking drugs to WPW Patients with pre-excited atrial arrhythmias 
Atrial Tachycardia
· Another form of supraventricular tachycardia originating within the atria but outside of the sinus node 
· Both atrial flutter and multifocal atrial tachycardia are specific types of atrial tachycardia 
· Usually due to a single ectopic focus
· Multiple causes include digoxin toxicity, atrial scarring, catecholamine excess, congenital abnormalities, idiopathic
· Non sinus (ectopic atrial) rhythm
[image: ]
[image: ]
· P waves that begin at a site other than the SA node (ectopic P waves) may be positive or negative in lead II
· Premature atrial contraction (can occur in couplet)
· P wave – premature or hidden 
· If the ectopic pacemaker is in the atria, the P wave will be upright
· If the ectopic pacemaker is in the AV junction, the P wave will be negative (inverted) in lead II 
[image: ]
· P waves are superimposed on the preceding T waves (p wave is almost hidden in the T wave)
[image: ]
Ectopic Atrial Tachycardia
· type of atrial arrhythmia in which the hearts electrical impulse comes from an ectopic atrial pacemaker rather than from the the SA node 
· Characterised by very regular rates ranging from 140-220bpm
· The rapid rate shortens diastole resulting in a loss of kick, reduced cardiac output, reduced coronary perfusion and ischaemic myocardial changes 
· Atrial tachycardia can occur in patients with normal hearts. In those cases, the condition is commonly related to excessive use of caffeine or other stimulants, marijuana use, electrolyte imbalances, hypoxia and physical or psychological stress 
· The P wave usually has a 1:1 ratio with the QRS complex unless a block is present 
Atrial Flutter
[image: ]
· Rate 250-350bpm
· Rotates counter-clockwise around right atrium using a protected isthmus 
· Negative saw-tooth pattern Leads II, III, AVf and positive in VI
· On an ECG, P waves lose their distinction due to the rapid atrial rate – the waves blend together in a saw toothed appearance called flutter waves, or f waves 
· Atrial flutter is commonly associated with second degree block. In that instance, the AV node fails to allow conduction of all the impulses to the ventricles. As a result, the ventricular rate is slower 
· Commonly found in patients with severe mitral valve disease, hyperthyroidism, pericardial disease and primary myocardial disease 
· Drugs rarely work 
· 
· First line treatment is ablation 
· This is where a laser dissolves the tissues and cures the arrhythmia – this blocks the electrical impulses in the part of the heart that is causing the abnormal rhythm 
· If ablation is going to destroy the hearts natural pacemaker – the AV node – you may be fitted with a pacemaker days or even weeks earlier 
· radiofrequency ablation of the tricuspid valve isthmus is curative for most patients
Atrial Fibrillation
[image: ]
[image: ]
· Irritable sites in the atria fire at a rate of 400 to 600 times/minute 
· These rapid impulses cause the muscles of the atria to quiver
· This results in ineffectual atrial contraction, decreased stroke volume, a subsequent decrease in cardiac output and a loss of atrial kick 
· The AV node attempts to protect the ventricles from the hundreds of impulses bombarding it per minute by blocking the impulses  
· The ventricular rate and rhythm are determined by the degree of blocking by the AV node of these rapid impulses
· The irregular conduction of impulses through the AV node produces a characteristic irregularly irregular ventricular response 
· If you see R waves that look irregular, suspect atrial fibrillation 
· There is no P wave, just an erratic baseline 
· Not directly life threatening 
· There are two key parts of managing patients with AF
· 1. Rate/rhythm control
· Rate Control: accept that the pulse will be irregular, but slow the rate down to avoid negative effects on cardiac function
· Beta Blocker/Rate limiting calcium channel blocker is used first line to control the rate in AF 
· Second line: combination any two of the following 
· Digoxin 
· Rhythm control: try to get the patient back into, and maintain, normal sinus rhythm. This is termed cardioversion. Drugs (pharmacological cardioversion) and synchronised DC electrical shocks (electrical cardioversion) may be used for this purpose
· Note the moment a patient switches from AF to sinus rhythm presents the highest risk for embolism leading to stroke 
· For this reason patients must either have had a short duration of symptoms (less than 48h) or be anticoagulated for a period of time prior to attempting cardioversion 
· According to the Grey book, AF of revent onset <24h is best terminated by IV Flecainide (1-2mg/kg over 10 min; maximum dose 150mg) 
· In the presence of heart failure or acute ischaemia, amiodarone should be used (300mg bolus via large bore cannula in a large venin or centrally then a 900mg 24h infusion)
· Patients with AF for >24h should be anticoagulated 
· Pharmacological Cardioversion 
· Sotalol 
· Amiodarone 
· Flecainide 
· NICE advocate using a rate control strategy except in a number of specific situations such as coexistent heart failure, first onset of AF or where there is an obvious reversible cause 
[image: ]
· 2. Reducing stroke risk
· Do not offer aspirin monotherapy solely for stroke prevention to people with atrial fibrillation 
· Only consider Aspirin/clopidogrel dual therapy if anticoagulation is CI or not tolerated AND CHA2DS2-VASc>2
· Use CHA2DS2-VASc (New NICE guidelines) 
· [image: ]
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· Time in therapeutic range, if poor consider novel anticoagulants 
· Apixaban
· Dagbigatran
· Rivaroxaban
· Computer assisted dosing 
· Consider modifiable bleeding risk factors like 
· Uncontrolled hypertension 
· Labile INRs 
· Concurrent medications (Aspirin/NSAIDs)
· High alcohol consumption 
· Don’t withhold anticoagulation solely because person is at risk of falls 



· Management based on Onset 
[image: ]
[image: ]
















Ventricular Tachycardia
· Broad complex tachycardia originating from a ventricular ectopic focus 
· It has the potential to precipitate ventricular fibrillation and hence requires urgent treatment 
· Monomorphic VT 
· Most commonly caused by myocardial infarction 
· Polymorphic VT:
· Less common and usually uses presyncope, syncope or cardiac arrest depending on the duration of the arrhythmia 
· A subtype of polymorphic VT is torsades de pointes which is precipitated by prolongation of the QT interval (management of Torsades de pointes: IV Magnesium Sulphate)
· When temporary pacing, beta blockers and potassium and magnesium replacement may treat the arrhythmia successfully but precipitants such as certain drugs or hypokalaemia must be removed 
· Be aware of subarachnoid haemorrhage as a cause 
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Grey Book 
· If stable, treatment should be with lidocaine 1.5mg/kg IV – if this terminates tachycardia continue as an infusion at 2mg/min for up to 24 hours 
· If tachycardia continues, an additional bolus of 0.5 – 0.75mg/kg should be considered 
· Otherwise, consider giving procainamide (20mg/min at a dose of 10-15mg/kg up to a total of 1g, stopping infusion if arrhythmia resolves, hypotension develops or QRS widens significantly
· Another option is Amiodarone (200mg bolus via large bore cannula in a large vein or centrally, then a 900mg 24h infusion) 
· Do not give more than one additional drug, polypharmacy can be dangerous 
· If drug therapy fails or the patient has poor cardiac function, direct current cardioversion
·  (150J-200J Biphasic) under sedation is the best therapy
· The administration of magnesium, initial dose 8mmol (4mL or 50%) may help when the arrhythmia is refractory 
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Ventricular Ectopic 
[image: ]
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· These are ubiquitous and do not require treatment unless they are causing symptoms such as palpitations or dizziness 
[image: ][image: ]
· Ventricular couplet – ectopic beat originates from a different ventricular focus than the intrinsic beat 
· QRS > 0.12 seconds 
· The T wave is usually in the opposite direction of the QRS complex 
· Often the ectopic beats are not preceded by a P wave 


Case Studies: 
Sinus bradycardia 38bpm in a healthy 35yo male – very fit 
[image: ]
· Originates from the sinus node and has a rate that is lower than normal. In humans, bradycardia is generally defined to be a rate of under 60 beats per minute 
· PR interval between 0.12 – 0.20 seconds in duration
· QRS complex less than 0.12 seconds in width and consistent in morphology 
· Sinus bradycardia requires no treatment unless it is causing symptoms 
· If treatment is deemed necessary, give atropine 600 – 1200mcg IV in the first instance
· Persistent symptomatic bradycardia requires pacing (temporary or permanent) 
· If temporary pacing is required, transvenous pacing under  ray control is optimal 
[image: ]Respiratory sinus arrhythmia – Normal finding (absence of it is abnormal)

· This is normal phenomenon that occurs with changes in intrathoracic pressure 
· Heart rate increases with inspiration (R-R intervals shorten) and decreases with expiration (R-R intervals lengthen)
Ventricular Fibrillation
[image: ]
· Rate cannot be determined because there are no discernible waves or complexes to measure
· Rhythm is rapid and chaotic with no pattern or regularity 
· P waves, PR interval, QRS duration are all not discernible
Artefact
[image: ]





Atrioventricular Block 
· First Degree
[image: ]
· A PR interval of normal duration (0.12 – 0.20 seconds) indicates the electrical impulse was conducted normally through the atria, AV node, bundle of His, bundle branches and Purkinje Fibres 
· In first degree AV block, all components of the ECG tracing are usually within normal limits except the PR interval – more than 0.20 seconds
· This is because the electrical impulses travel from the SA node through the atria but there is a delay in impulse conduction usually at the level of the AV node
· Second Degree

· Type I usually occurs at the level of the AV node 
· Irregular ventricular rhythm (so longest R-R interval and shortest interval needs to be used to calculate the rate and noted)
· More P waves than QRS complexes 
· Atrial rate is greater than the ventricular rate 
· Atrial regular, ventricular irregular 
· PR interval lengthens wih each cycle until a P wave appearss without a QRS complex
· The problem is not in the SA node but somewhere in the conduction system below it
· After ACUTE MI, patients with 2nd degree block will need temporary pacing if the block is impairing cardiac function 
· Lengthening in the PR intervals 

· Second Degree AV Block, type I (Mobitz I; Wencheback) [image: ]
· Prolongation of the PR interval until a dropped beat occurs
· Second degree AV block, type II (Mobitz Ii) [image: ]
· Occurs below the AV node
· More serious  - frequently progresses to third-degree AV block
· Atrial rate greater than ventricular rate 
· Atrial regular, ventricular irregular 
· Some P waves not followed by QRS complex 
· PR intervals within normal limits or slightly prolonged but constant for the conducted beats 
· There may be some shortening of the PR interval that follows a non conducted P wave 
· Third Degree AV block
[image: ]
· Impulses generated by the SA node are blocked before reaching the ventricles so NO P waves are conducted
· The atria and ventricles beat independently of each other 
· A secondary pacemaker stimulates the ventricles 
· Therefore no true PR interval
· Atrial rate is greater than the ventricular rate 
· P waves are normal in size and shape 
· Narrow QRS duration suggests junctional pacemaker
· Wide QRS suggests ventricular pacemaker 
· Clinical signs of pathological bradycardia (heart block)
· First degree heart block does not cause any noticeable symptoms, most people are only aware they have the condition on a random ECG
· In second degree heart block, there may be light-headedness, dizziness and fainting 
· There may also be chest pain, SOB, fatigue, hypotension
· SHUPPP symptoms
Management 
· Patients with symptomatic block usually require immediate pacing even if symptoms have resolved upon arrival 
· Asymptomatic patients with marked bradycardia (rate <40bpm, a broad complex escape rhythm and/or significant QT prolongation (>500ms) are at risk of arrest and will require urgent pacing – preferably achieved by prompt implantation of a permanent pacemaker but a temporary one may suffice for overnight/over weekend management 
· Complete AV block associated with inferior myocardial ischaemia is usually transient but will require temporary pacing if the patient is compromised or permanent pacing if the heart rate remains slow 
· When associated with anterior infarction temporary pacing is always indicated regardless of the presence or absence of symptoms 
· Patients with acute bifasicular block following acute myocardial infarction should be considered for temporary pacing particularly if the PR interval is increased or increasing
· Temporary pacing can be achieved rapidly by a balloon flotation wire but is rarely needed 
· Contact the cardiology registrar for advice and X ray guided temporary pacemaker 
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AXIS DEVIATION
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Lead II tends to be the same as lead aVF/III in regards to +ve/negative
Seen in patients with emphysema who typically have a vertically orientated heart


Right Axis Deviation
Causes: 
· [image: ]Right ventricular hypertrophy 
· Left posterior hemiblock 
· Chronic lung disease  cor pulmonale 
· Pulmonary embolism 
· Ostium secundum ASD
· Wolf Parkinson White Syndrome – Left sided accessory pathway 
· In majority of cases, or in a question without qualification, Wolf-Parkinson-White syndrome is associated with left axis deviation 
· Normal in infant <1 years old 
· Minor RAD in tall people 
· Vertically orientated heart 

[image: ]Left axis deviation 
Causes: 
· Left anterior hemiblock 
· Left Bundle Branch Block 
· Wolf Parkinson white syndrome (right sided accessory pathway) 
· Hyperkalaemia 
· Congenital: Ostium primum ASD, Tricuspid atresia 
· Minor LAD in obese people 

Extreme axis:
[image: ]
Precordial Leads 
· We describe the R wave progression and the transition zone (from predominantly negative to predominantly positive QRS – normally at V3 or V4 – Late or early transition)
Normal and Abnormal Q waves 
· Normal Q waves (septal depolarisation) are <40ms (0.04s)
· The duration of the Q wave is more important than its depth 
· Abnormal (wide) Q waves tell tale sign of MI
Acute myocardial infarction of the inferior wall and lateral wall of the left ventricle 
[image: ]
Left Ventricular Hypertrophy
· Secondary to conditions such as aortic stenosis and hypertension 
· Also aortic regurgitation , mitral regurgitation and coarctation of the aorta 
· Hypertrophic cardiomyopathy 
· This results in increased R wave amplitude in the left sided ECG leads (I, aVL and V4-V6) and increased S wave depth in the right sided leads (III, aVR, V1-3)
· The thickened LV wall leads to prolonged depolarisation (increased R wave peak time) and delayed repolarisation in the lateral leads 
[image: ][image: ][image: ]








Right Ventricular Hypertrophy 
[image: ][image: ]
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Right Bundle Branch Block 
[image: ]
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Left Bundle Branch Block 
 [image: ]

Differential diagnosis for collapse
· Acute coronary syndrome
· Ventricular arrhythmias 
· Atrioventricular block
· Acute atrial fibrillation 
· Congestive heart failure
· Volume depletion 
· Sinus node dysfunction 
· Aortic stenosis 
· Upper GI bleeding 
· Lower GI bleeding 
· Neurally mediated 
· Orthostatic hypotension 
· Migraine 
· Seizure 
· Wolf-Parkinson-White syndrome / pre-excitation syndrome 
· Cardiac tamponade 
· Aortic dissection 
· Pulmonary embolism 
· Ruptured AAA
· Brugada syndrome
· Long QT syndrome 
· Hypertrophic cardiomyopathy 
· Mitral stenosis 
· Atrial Myxoma 
· Subclavian steal syndrome 
· Ectopic pregnancy 
· Hypoglycaemia
· Addison’s disease
· Acute vertebrobasilar stroke 
· Psychogenic pseudosyncope








Management of Arrhythmias
· Physical manoeuvres 
· Aim is to increase the parasympathetic nervous supply to the heart, resulting in blocking of electrical conduction through the AV node
· This can slow down or stop a number of arrhythmias that originate above or at the AV node 
· These manoeuvres are collectively known as vagal manoeuvres
· Antiarrhythmic drugs
· Rate control 
· Anticoagulation 
· Warfarin 
· Heparin
· Aspirin
· Electricity 
· Cardioversion is achieved pharmacologically or via the application of a shock synchronised to the underlying heartbeat 
· It is used for the treatment of supraventricular tachycardia
· In elective cardioversion, the recipient is usually sedated or lightly anesthetized for the procedure 
· Defibrillation differs in that the shock is not synchronised 
· It is needed for the chaotic rhythm of ventricular fibrillation and is also used for pulseless ventricular tachycardia 
· Often, more electricity is required for defibrillation than cardioversion 
· Implantable cardioverter-defibrillator is used to accomplish defibrillation or cardioversion
· Cardiac pacing 
· May be necessary for reversible causes of slow heartbeats or bradycardia (for example from MI or drug overdose)
· Electrical cautery
· This is where abnormal areas of conduction are located very accurately and subsequently destroyed with heat, cold, electrical or laser probes
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“The location of these leads is s follows:
Vi on the fourth intercostal space at the right sternal margin

V,: on the fourth intercostal space at the left sternal margin

 midway between leads V2 and V4
V. on the ifth intercostal space at the midelavicular line
Vs on the anterior axillary line at the horizontal level of lead V4

Vi on the midaxillary line at the horizontal level of lead V4
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Figure 4 — Frontal Plane Limb Leads
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« Limb leads: (a) check aVR for upside down P, QRS and T waves, (b) aVL and
aVR should generally be mirror images.

« Chest leads: look for RS pattern in V1 - changing progressively to QR pattern
inVe.
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The description of waves in QRS complexes is actually quite easy. There are just
some rules that should be followed.

1. Bigger amplitudes are marked with big letters and vice versa

2. If the QRS complex starts with a negative wave, we mark it as Q (q). There can
be only one Q () in the complex

3. Positive waves are always marked as R ()

Negative wave following a positive wave is always marked as S (s)

5. If there are more positive waves, then the first is marked as R (r), the second
R' (), the third R"(r"), etc.

4
;

»

s -\/(\)-r qrS
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Cardiac action potentials and the ECG
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Classification of SVT by site of origin and regularity

Regular

Irregular

Atrial

« Sinus tachycardia

Atrial tachycardia

Atrial flutter

Inappropriate sinus

tachycardia

Sinus node re-entrant

tachycardia

« Atrial fibrillation
 Atrial flutter with
variable block
* Multifocal atrial

tachycardia

Atrioventricular

Atrioventricular re-entry

tachycardia (AVRT)

AV nodal re-entry
tachycardia (AVNRT)

Automatic junctional
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Cardiac rhythm strips demonstrating (top) sinus rhythm and (bottom)
paroxysmal supraventricular tachycardie. The P wave is seen as a pseudo-R
wave (circled in bottom strip) in lead Vduring tachycardia. By contrast, the
pseudo-R wave is not seen during sinus rhythm (it is absent from circled area
in top strip). This very short ventriculoatrial time is frequently seen in

typical Slow-Fast Atrioventricular Nodal Reentrant Tachycardia.
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coronary sinus

* These pathways are formed from tissue that behaves very much ke the AV node:

* Incommon AVNRT, the anterograde contraction s via the slow pathway and the retrograde

conduction i via the fast pathway (slovi-fast AVNAT)

Normal slectrical pathways Accessory pathway (bridge)  Because the retrograde conduction s via the fast pathway, stimulation of the atra
(which produces the inverted P wave) wil occur at the same time as sumulation of
the ventriles which causes the QRS complexes.

© Asa result, the inverted P waves may not be seem on the surface ECG since.
they are buried with the QRS complexes
© Often the retrograde P wave s visible but also in continuity vith the QRS
complex seen best in V1 / nferiorleads.
* Inuncommon AVNRT
 The anterograde conduction s vi the fast pathuiay and the retrograde conduction’s
viathe siow pathway (fastslow AVNRT)
 Because the retrograde conduction s via the slow pathway, stimuation of the atria
willbe delayed by the siow conduction issue and will ypicaly produce an nverted
Puiave thatfalls after the QRS complex on an ECG
* Multiple slow pathways can existso that both anterograde and retrograde conduction are
over sow pathuiays (sovk-siow AVNRT)
* An overactive thyroid ncreases the risk of AVNRT
o AVRT - Atrioventricularreciprocating tachycardia
* Most commonly associated with Wolr-Parkinson-White syndrome in which an accessory
pathuiay allowis electrical signal from the ventrices to enter the atria and cause premature
contraction and repeat sumulation of the AV node
* During AVRT, electricalsignal passes in the normal manner fom the AV node ino the:
ventricis. I then pathologicall passes back into the atri via the accessory pathway causing
atral contraction and returs o the AV node to complte the re-entrant crcuit
* Once nitiated, the cycle may continue causing an episode of tachycardia
* Intation of the tachycarcii may be through a premature mpuise of atia, junctional or
ventricular origin
o Auial tachycardia
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Associations of WPW
+ HOCM
+ mitral valve prolapse
+ Ebstein's anomaly
« thyrotoxicosis
+ secundum ASD
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ECG features of WPW in sinus rhythm are:

PR interval <120ms
Delta wave - slurring slow rise of initial portion of the QRS

QRS prolongation >110ms

ST Segment and T wave discordant changes - Le. in the opposite direction to
the major component of the QRS complex

Pseudo-infarction pattern can be seen in up to 70% of patients — due to
negatively deflected delta waves in the inferior / anterior leads (‘pseudo-Q
Wwaves"), or as a prominent R wave in V1-3 (mimicking posterior infarction).
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Type A has a positive delta wave in all precordial leads with R/S>1in Vy
Type B has a negative delta wave in leads V; and V,
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« left axis deviation if right-sided accessory pathway"
« right axis deviation if left-sided accessory pathway*
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Sinus rhythm with a very short PR interval (< 120 ms).

Broad QRS complexes with a slurred upstroke to the QRS complex — the delta
wave.

Dominant R wave in V1 — this pattern is known as “Type A" WPW and is
associated with 2 left-sided accessory pathway.

Tall R waves and inverted T waves in V1-3 mimicking right ventricular
hypertrophy — these changes are due to WPW and do not indicate underlying
RVH.

Negative delta wave in aVL simulating the Q waves of lateral infarction — this
is referred to as the “pseudo-infarction” pattern.
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Sinus rhythm with very short PR interval (< 120 ms)
Broad QRS complexes with a slurred upstroke to the QRS complexes —

the delta wave.

Dominant S wave in V1 — this pattern is known as “Type B" WPW and
indicates a right-sided accessory pathway.

Tall R waves and inverted T waves in the inferior leads and V4-6 mimic the
appearance of left ventricular hypertrophy — again, this is due to WPW and
does not indicate underlying LVH.
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« definitive treatment: radiofrequency ablation of the accessory pathway
- medical therapy: sotalol***, amiodarone, flecainide
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Acute management
- vagal manoeuvres: e.g. Valsalva manoeuvre
- intravenous adenosine 6mg — 12mg —» 12mg: contraindicated in asthmatics -
Verapamil is a preferable option
« electrical cardioversion

Prevention of episodes
- beta-blockers
« radio-frequency ablation
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ECG Features of Atrial Tachycardia

Atrial rate > 100 bpm.
P wave morphology is abnormal when compared with sinus P wave due to ectopic origin.
There is usually an abnormal P-wave axis (e.q. inverted in the inferior leads Il Il and aVF)

At least three consecutive identical ectopic p waves.

QRS complexes usually normal morphology unless pre-existing bundle branch block, accessory
pathway, or rate related aberrant conduction.

Isoelectric baseline (unlike atrial flutter).

AV block may be present — this is generally a physiological response to the rapid atrial rate,
except in the case of digoxin toxicity where there is actually AV node suppression due to the
vagotonic effects of digoxin, resulting in a slow ventricular rate (“PAT with block’).
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Ectopic atrial tachycardia:

« There s a narrow complex tachycardia at 120 bpm.
« Each QRS complex is preceded by an abnormal P wave — upright in V1, inverted in the inferior
leads Il lll and aVF.
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Atrial tachycardia with variable AV block

+ type of atrial arthythmia n which the hearts electical impulse comes from an ectopic atrial pacemaker
Father than from the the SA node

* Characterised by very regular rates ranging fom 140-2200pm

+ The rapid rate shortens diastole resulting n 305 of Kick, reduced cardiac output, reduced coronary
perfusion and ischaemic myocardial changes

+ Aria tachycardia can occur i patients with normal hearts. In those cases, the condition s commonly.
related to excessive use of caffeine or other stimulants, marijuana use, electrolyte Imbalances, hyposia and
physical or psychologica stress

+ The P wave usually has 2 11 atio with the QRS complex unless a block i present

Atrial lutter
* Rate 250-35000m
+ Rotates counter-cockwise around right atrium using a protected isthmus
+ Negative sawr-tooth pattern Leads I, I, AV and positve in VI

Atrial Fibrillation

!

+ Iritable sites i the atria fie at 2 ate of 400 to 600 times/minute
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Types of atrial fibrillation

AF may by classified as either first detected episode, paroxysmal, persistent or permanent.

- first detected episode (iespective of whether it is symptomatic or seff-terminating)

- recurrent episodes, when a patient has 2 or more episodes of AF. If episodes of AF
terminate spontaneously then the term paroxysmal AF is used. Such episodes last
less than 7 days (typically < 24 hours). If the arrhythmia is not self-terminating then
the term persistent AF is used. Such episodes usualy last greater than 7 days

- in permanent AF there is continuous atrial fibrilation which cannot be cardioverted
or if attempts to do s are deemed inappropriate. Treatment goals are therefore rate
‘control and anticoagulation if appropriate.
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Factors favouring rate.
control

Older than 65 years
History of ischaemic heart
disease

Factors favouring rhythm control

‘Younger than 65 years
Symptomatic

First presentation

Lone AF or AF secondary to a corrected precipitant
(e.g. Alcohol)

Congestive heart failure




image45.png
Risk factor
Congestive heart failure

Hypertension (or treated hypertension)
Age >=T5 years

Age 65-74 years

Diabetes

Prior Stroke or TIA

Vascular disease (including ischaemic heart disease and peripheral
arterial disease)

Sex (female)
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Score  Anticoagulation
[ No treatment

1 Males: Consider anticoagulation
Females: No treatment (this is because their score of 1 is only reached due to
their gender)

20r  Offer anticoagulation
more

NICE recommend that we offer patients a choice of anticoagulation, including warfarin and
the novel oral anticoagulants (NOAGS).




image47.png
If the atrial fibrillation (AF) is definitely of less than 48 hours onset patients should be
heparinised. Patients who have risk factors for ischaemic stroke should be put on lifelong
oral anticoagulation. Otherwise, patients may be cardioverted using either:
- electrical - 'DC cardioversion’
- pharmacology - amiodarone f structural heart disease, flecainide or amiodarone in
those without structural heart disease

Following electrical cardioversion if AF is confirmed as being less than 48 hours duration
then further anticoagulation is unnecessary
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Onset > 48 hours

If the patient has been in AF for more than 48 hours then anticoagulation should be given
for at least 3 weeks prior to cardioversion. An alternative strategy is to perform a
transoesophageal echo (TOE) to exclude a left atrial appendage (LAA) thrombus. If
excluded patients may be heparinised and cardioverted immediately.

NICE recommend electrical cardioversion in this scenario, rather than pharmacological.

If there is a high risk of cardioversion failure (e.g. Previous failure or AF recurrence) then it
is recommend to have at least 4 weeks amiodarone or sotalol prior to electrical
cardioversion

Following electrical cardioversion patients should be anticoagulated for at least 4 weeks.
After this time decisions about anticoagulation should be taken on an individual basis
depending on the risk of recurrence
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Causes of a prolonged QT interval

Congenital

+ Jervell-Lange-Nielsen syndrome
(includes deafness and is due to
an abnormal potassium
channel)

+ Romano-Ward syndrome (no
deafness)

Drugs

- amiodarone,
sotalol, class 1a
antiarrhythmic
drugs

- tricyclic
antidepressants,
fluoxetine

- chioroquine
« terfenadine
«  erythromycin

Other

- electrolyte:
hypocalcaemia,
hypokalaemia,
hypomagnesaemia
- acute myocardial
infarction

+ myocarditis
« hypothermia
- subarachnoid
haemorrhage
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Management

If the patient has adverse signs (systolic BP < 30 mmHg, chest pain, heart failure or rate >
150 beats/min) then immediate cardioversion is indicated. I the absence of such signs
antiarrhythmics may be used. If these fall, then electrical cardioversion may be needed
with synchronised DC shocks

Drug therapy
- amiodarone: ideally administered through a central line.
- lidocaine: use with caution in severe left ventricular impairment
« procainamide

Verapamil should NOT be used in VT

If drug therapy fails
- electrophysiological study (EPS)
- implant able cardioverter-defibrillator (ICD) - this is particularly indicated in patients
with significantly impaired LV function
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Some patients presenting with ventricular arrhythmias who have an ICD implant may
have received shocks from the device. The presence of an ICD does not prevent the use
of emergency defibrillation or cardioversion in the event of a cardiac arrest or
compromising VT that has not responded to ICD therapy. Follow Cardiac Arrest advice
or as described above, but attempt to defibrillate away from the device itself (usually
left infraclavicular site). Haemodynamically stable VT or successfully treated patients
can benefit from immediate ICD reprogramming. Contact the ICD clinic (ext.1372) 9-
5pm, Monday-Friday for assistance, as well as the Cardiology registrar. Out of hours
the cardiology registrar should be called and the on-call ICD technician contacted if
required.
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Groups of pacemaker cells throughout the conducting system are capable of spontaneous
depolarisation.

The rate of depolarisation decreases from top to bottom: fastest at the sinoatrial node; slowest
within the ventricles.

Ectopic impulses from subsidiary pacemakers are normally suppressed by more rapid impulses
from above.

However, if an ectopic focus depolarises early enough — prior to the arrival of the next sinus
impulse — it may “capture” the ventricles, producing a premature contraction.

Premature contractions (‘ectopics”) are classified by their origin — atrial (PACs), junctional
(PJCs) or ventricular (PVCs).
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PVCs have the following features:

Broad QRS complex (2 120 ms) with abnormal morphology.

Premature — i.e. occurs earlier than would be expected for the next sinus impulse.
Discordant ST segment and T wave changes.

Usually followed by a full compensatory pause.

Retrograde capture of the atria may or may not occur.
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“Discordance” describes a pattem of repolarisation abnormality (typically seen with left bundle
branch block, paced rhythms, VT) in which the ST segment and T wave are directed opposite to the
main vector of the QRS complex:

* ST depression and T wave inversion in leads with a dominant R wave.
* ST elevation with upright T waves in leads with a dominant S wave.

Appropriate discordance
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With a full compensatory pause, the next normal beat arrives after an interval that is equal to double
the preceding R-R interval (see diagram below).

Retrograde capture describes the process whereby the ectopic impulse is conducted retrogradely
through the AV node, producing atrial depolarisation. This is visible on the ECG as an inverted P wave
(‘retrograde P wave"), usually occurring after the QRS complex.

PVCs are said to be “frequent” if there are more than 5 PVCs per minute on the routine ECG, or more
than 10-30 per hour during ambulatory monitoring.
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The origin of each PVC can be discerned from the QRS morphology:

« PVCs arising from the right ventricle have a left bundle branch block morphology (dominant S

wave in V1).
« PVCs arising from the feft ventricle have  right bundle branch block morphology (dominant R

wave in V1).
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Frequent or symptomatic PVCs may be due to:

Anxiety
Sympathomimetics
Beta-agonists
Excess caffeine
Hypokalaemia
Hypomagnesaemia
Digoxin toxicity
Myocardial ischemia
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71 Ventricular Couplet — ectopic beat orlglnates from a
different ventricular focus than tiyssi

7 QRS >0.12 secs. Ventricular Ectopic
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Mobitz type I block (Wenekebach phenomenor)
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Indications for Temporary Pacing — Emergency/dcute

“Acate M with:

- Asystole

< Symplomatic bradyeardia not responsive to atropine

+ Bilateral bundle branch block (alternatiag BBB or RBBB with alternating
LAHBLPHB

e or indeterminate age bifascicular block with 1" degree AV block.

+ 3¥or 3% degree AV block after an acate anterior MI

Bradyeardia not associated with acate MI:
- Asystole

Ay smptomatic bradyeardia resistant to medication

+ 2¥or ¥ degree AV block with haemodynamic compromise or syncope at
rest

= Asymptomatic AV block with severe bradychardia (<30bpim) +/-
QRS-120ms+ QT prolongation >500ms

VT secondary © bradyeardia eg Torsades de Pofaier

Suppression of drug resistant VT or SVT

Drug overdose, eg. digosin, beta blockers, verapamil

Tndicarions for Temporary Pecing ~ Elecive

~ Support for procedures fhataay prowmote bradychardia
= General anacsthesia with: 2% or 3" degree AV block; intermittent AV
block,

= Cardiac surgery when epicardial pacing has ailed

=+ Rarely considered for ‘angioplasty
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Normal Axis = QRS axis between -30° and +90°.

Left Axis Deviation = QRS axis less than -30°.

Right Axis Deviation = QRS axis greater than +90°.

Extreme Axis Deviation = QRS axis between -30° and 180° (AKA “Northwest Axis”).
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Method 1 - The Quadrant Method

The most efficient way to estimate axis is to look at LEAD | and LEAD aVF.

Examine the QRS complex in each lead and determine i it is Positive, Isoelectric (Equiphasic) or
Negative:

R
AR
s Ele
POSITIVE EQUIPHASIC NEGATIVE
[R>S9] [R=9] [R<S9]

« Apositive QRS in Lead | puts the axis in roughly the same direction as lead I.

« Apositive QRS in Lead aVF similarly aligns the axis with lead aVF.

« Combining both coloured areas - the quadrant of overlap determines the axis. So If Lead | and
Il are both positive, the axis is between 0° and +90° (i.e. normal axis).
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« Lead | = isoelectric.

« Lead aVF = positive.

« This is the easiest axis you will ever have to calculate. It has to be at right angles to lead I and in
the direction of aVF, which makes it exactly +90°!




image75.png
Lead aVF

Quadrant

POSITIVE

POSITIVE

NEGATIVE

NEGATIVE

POSITIVE

NEGATIVE

POSITIVE

NEGATIVE

Normal Axis
(0 to +90°)

**Possible LAD
(0 to -90°)

RAD
(+90° to 180°)

Extreme Axis
(-90° to 180°)




image76.png
Mean electrical axis

-120

+150 +30
Right axis deviation
-RV hypertrophy
“Infants
Tall and thin
Left posterior hemiblock




image77.png
Mean electrical axis Left axs deviaton
-Obesity

-Pregnancy
0 -Left anterior hemiblock
(7 LV hypertrophy

-120




image78.png
Mean electrical axis

Extreme axis
-Dextrocardia -120
~Cardiac pacemaker

-150,

O (Teadr q

+30





image79.png
Chart o, 1100001417

j, TEGH 2903 | 12-Léh¢ HR 6@ o |* T ACUTEIM[SU 0 Mk I 7',1
.‘fz»mmssﬂ : . fiprifial ECG MUnconfirmed™ | | erm ; ]





image80.png
Vi1 M/\ gV

V2 FESAEST S
e e ey

VSL"‘”W_JJW
VBFWW




image81.png
i




image82.png
« The most commonly used are the Sokolov-Lyon criteria (S wave depth in V1 + tallest R wave
height in V5-V6 > 35 mm).
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Pulmonary hypertension
Mitral stenosis

Pulmonary embolism

Chronic lung disease (cor pulmonale)

Congenital heart disease (e.g. Tetralogy of Fallot, pulmonary stenosis)
Arthythmogenic right ventricular cardiomyopathy
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Right axis deviation of +110° or more.

Dominant R wave in V1 (> 7mm tall or R/S ratio > 1).
Dominant S wave in V5 or V6 (> 7mm deep or R/S ratio < 1).
QRS duration < 120ms (ie. changes not due to RBBB).




image85.png
Right atrial enlargement (P pulmonale).

Right ventricular strain pattern = ST depression / T wave inversion in the right precordial (V1-4)
and inferior (1, Il, aVF) leads.

$1'52 53 pattern = far right axis deviation with dominant S waves inleads |, Il and Il.

Deep S waves in the lateral leads (1, aVL, V5-V6).
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Right bundle branch block is a common feature seen on ECGs.

vi ve

One of the most common ways to remember the difference between LBBB and RBBB is
WiLLiaM MaRRoW

- inLBBB thereisa'W' inV1anda 'M' in V6

« inRBBB thereisa'M'in Vi anda 'W' in V6

Causes of RBBB
+ normal variant - more common with increasing age
« right ventricular hypertrophy
« chronically increased right ventricular pressure - e.g. cor puimonale
+ puimonary embolism
+ myocardial infarction
+ atrial septal defect (ostium secundum)
« cardiomyopathy or myocarditis




image87.png
In RBBB, activation of the right ventricle is delayed as depolarisation has to spread across the
septum from the left ventricle.

The left ventricle s activated normally, meaning that the early part of the QRS complex is
unchanged.

The delayed right ventricular activation produces a secondary R wave (R) in the right precordial
leads (V1-3) and a wide, slurred S wave in the lateral leads.

Delayed activation of the right ventricle also gives rise to secondary repolarization
abnormalities, with ST depression and T wave inversion in the right precordial leads.

In isolated RBBB the cardiac axis is unchanged, as left ventricular activation proceeds normally
via the left bundle branch.
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Diagnostic Criteria

« Broad QRS > 120 ms
« RSR pattern in V1-3 (M-shaped’ QRS complex)
« Wide, slurred S wave in the lateral leads (|, aVL, V5-6)
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The diagram below shows the typical features of left bundle branch block (LBBB):

vi ve

s

One of the most common ways to remember the difference between LBBB and RBBB is
WiLLiaM MaRRoW

- inLBBB thereisa'W' inV1anda 'M' in V6

« inRBBB thereisa'M'in Vi anda 'W' in V6

ECG showing typical features of LBBB.

Causes of LBBB
- ischaemic heart disease
« hypertension
- aortic stenosis
- cardiomyopathy
- rare: idiopathic fibrosis, digoxin toxicity, hyperkalaemia

New LBBB is always pathological and may be a sign of a myocardial infarction.
Diagnosing a myocardial infarction for patients with existing LBBB is difficult. The
Sgarbossa criteria can help with this. Please see the link for more detalls.




