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Wellen’s Syndrome

• de Zwaan C, Bär FW, Wellens HJ. Am Heart J. 1982 Apr;103(4 Pt 2):730-6.
• 12 of 16 patients with UAP and Wellen’s treated conservatively developed extensive anterior MI

• Criteria
• Deeply-inverted or biphasic T waves in V2-3 (may extend to V1-6)
• Isoelectric or minimally-elevated ST segment (< 1mm)
• No precordial Q waves
• Preserved precordial R wave progression
• Recent history of angina
• ECG pattern present in pain-free state
• Normal or slightly elevated serum cardiac markers

• Types
• Type A Biphasic 25%
• Type B Inverted 75%
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STE in aVR

• Signifies
• LM occlusion
• Prox LAD occlusion

• Severe TVD

• Diffuse sub-endocardial ischaemia
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de Winter T Waves

• De Winter RJ, Verouden NJ, Wellens HJ, et al. N Engl J Med 2008;359:2071–3
• anterior STEMI equivalent

• ST depression and peaked T waves in the precordial leads

• ~2% of acute LAD occlusions
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Atrial fibrillation

• 3 Ps
• Paroxysmal

• Persistent

• Permanent (chronic)

• Rhythm control vs. rate control
• AFFIRM trial NEJM 2002

• Anticoagulation
• Everyone unless contraindicated

• Atrial stunning
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Atrial fibrillation

• Rhythm
• Revert only if

• < 48 hrs
• or negative TOE

• or anticoagulated

• Amiodarone

• DCR
• 100J synchronised

• Flecainide

• Rate
• Digoxin

• B blockers
• Atenolol

• Metoprolol

• Ca channel blockers
• Verapamil

• Diltiazem
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Atrial flutter

• Anticoagulate as per atrial fibrillation

• More drug resistant

• More DCR sensitive
• Use 50J synchronised
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Another Example
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LBBB
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LBBB

• Always pathological

• Bifascicular block

• Heart depolarises from right to left
• ie right ventricle first

• Can have LAD if severe

• Discordant  ST segments  and T waves
• Appropriate discordance

• V1-6

• Paced rhythm produces similar picture
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Bundle Branch Blocks

• Conduction along right or left bundle is blocked or delayed
• ie degrees of severity

• Must be a supraventricular rhythm

• QRS => 0.12ms

• If < 0.12 but abnormal pattern
• Non specific intraventricular conduction delay
• Incomplete BBB
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LAHB

19



RBBB + LPHB

20



RBBB

• Can be normal

• Heart depolarises from left to right

• Discordant  ST segments and T waves
• Appropriate discordance

• V1-3 only

• No axis change
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Trifascicular Block

• Complete
• Bifascicular block + 3rd degree AV block

• Incomplete
• Bifascicular block + 1st degree AV block (most common)
• Bifascicular block + 2nd degree AV block
• RBBB + alternating LAFB / LPFB

• Significance
• Can deteriorate into CHB
• Symptomatic

• Pacemaker (or consideration)

• Asymptomatic
• Nil
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Seizure [First episode]
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Brugada Syndrome

• Genetic abnormality that leads to polymorphic VT or VF

• Na channelopathy first described in 1992
• 20-30% linked to SCN5A gene on chromosome 3

• > 100 mutations of this gene have been described
• Variable penetrance
• Autosomal dominant

• Combination of (aborted) sudden death, syncope with Brugada pattern 
ECG

• rSR in V1-3 (RBBB)

• Downsloping ST elevation

• Treatment is an implantable cardioversion device (ICD)
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Types of Brugada Syndrome

• Type 1

• Diagnostic

• Type 2 & 3

• Require unmasking

• Na channel blockers

• Type 2
• Saddleback

• Japan
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Syncope
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Long QT

• QT prolonged at 450ms
• ? Longer in women

• Causes TdP

• Multiple formulae

• Causes
• Congenital

• Romano Ward
• Jervell Lange Nielsen

• Acquired
• Hypokalaemia
• Hypomagnesaemia
• Hypocalcaemia
• Hypothermia
• Myocardial ischemia
• Post-cardiac arrest
• Raised intracranial pressure
• DRUGS
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Formulae

• Bazett
• QTc = QT / (RR)1/2

• Fridericia
• QTc = QT / (RR)1/3

• Framingham
• QTc = QT + 0.154(1-RR)

• Hodges
• QTc = QT + 1.75(HR-60)

• Nomogram

• Bazett
• What ECG machine uses
• Worst of all

• Nomogram best
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Treatment TDP

• If unstable
• DCR

• Mg

• Overdrive pacing
• Isoprenaline

• Pacing
• External

• Internal

• Treat cause
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Chest Pain, now resolved
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LVH - Criteria

• Limb
• R wave in lead I + S wave in lead III > 25 mm
• R wave in aVL > 11 mm
• R wave in aVF > 20 mm
• S wave in aVR > 14 mm

• Praecordial
• R wave in V4, V5 or V6 > 26 mm
• R wave in V5 or V6 plus S wave in V1 > 35 

mm
• Largest R wave plus largest S wave in 

precordial leads > 45 mm

• Also get
• Left atrial enlargement.
• Left axis deviation.
• ST elevation V1-3
• Prominent U waves 

• Causes
• Hypertension
• Aortic stenosis
• Aortic regurgitation
• Mitral regurgitation
• Coarctation of the aorta
• Hypertrophic cardiomyopathy
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Syncope
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HCM
• Clinical findings

• Number one cause of sudden cardiac death in young athletes

• Inheritance is primarily autosomal dominant

• Left ventricular hypertrophy (LVH), occurring in the absence of 
any inciting stimulus such as hypertension or aortic stenosis

• ASH > Concentric LVH > Apical LVH

• ASH associated with LVOT obstruction

• Minority of cases

• Arrythmogenic

• ECG findings
• Left atrial enlargement

• Left ventricular hypertrophy with associated ST 
segment / T-wave abnormalities

• Deep, narrow (“dagger-like”) Q waves in the lateral > 
inferior leads

• Giant precordial T-wave inversions in apical HCM

• Signs of WPW (short PR, delta wave).

• Dysrhythmias: atrial fibrillation, supraventricular 
tachycardias, PACs, PVCs, VT
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Apical HCM (Yamaguchi)
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Syncope
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ARVD [arrhythmogenic right ventricular dysplasia]

• Clinical

• Fibro-fatty replacement of the right 
ventricular myocardium.

• second most common cause of sudden 
cardiac death in young people

• Typically inherited as autosomal 
dominant

• Greek Italian

• ECG

• Epsilon wave (most specific finding, seen 
in 30% of patients)

• T wave inversions in V1-3 (85% of 
patients)

• Prolonged S-wave upstroke of 55ms in 
V1-3 (95% of patients)

• Localised QRS widening of 110ms in V1-3

• Paroxysmal episodes of ventricular 
tachycardia with a LBBB morphology
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RV VT
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Paroxysmal SVT

• Most common cause is AVNRT

• Rapid

• Narrow complex

• Treatment
• Vagal manoeuvres [Modified Valsalva – REVERT]
• Adenosine
• Verapamil
• DCR 

• 50J synchronised
• 100J synchronised

• Overdrive pacing
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Middle-aged patient presenting with chest pain and diaphoresis.
BP dropped to 80/50 following sublingual nitrates.
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• General:

• Sinus rhythm, rate 84bpm.

• Normal axis.

• Borderline 1st degree AV block (PR 220ms).

• Signs of inferior STEMI:

• STE in inferior leads II, III, aVF.

• Reciprocal STD in lateral leads I, aVL, V6.

• Signs of associated right ventricular infarction:

• STE in III > II.

• STE in V1-2.

• This patient also had STE in V4R, confirming the diagnosis of RV infarction
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Main Abnormalities:

• Irregularly irregular broad complex tachycardia.

• Extremely rapid ventricular rates — up to 300 bpm in places (RR intervals as short as 200ms or 1 
large square).

• Beat-to-beat variability in the QRS morphology, with subtle variation in QRS width.

Explanation of ECG Findings:

• Irregularly irregular rhythm is consistent with atrial fibrillation.

• There is a left bundle branch block morphology to the QRS complexes.

• However, the ventricular rate is far too rapid for this to be simply AF with LBBB.

• The rates of 250-300 bpm and the variability in QRS complex morphology indicate the existence 
of an accessory pathway between the atria and ventricles.

Diagnosis:

• These findings indicate atrial fibrillation in the context of Wolff-Parkinson-White syndrome.
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Middle-aged diabetic patient presenting with shortness of breath. Clinical evidence of pulmonary oedema. Describe the ECG
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Main Abnormal Findings

• Severe bradycardia of 36 bpm.

• Rhythm is difficult to ascertain — appears irregular (?slow AF) although 
there are some small-voltage P waves seen in V1-2.

• Broad QRS complexes with an atypical LBBB morphology.

• Subtle symmetrical peaking (“tenting”) of the T waves in V2-5.

Diagnosis

• The combination of bradycardia, flattening and loss of P waves, QRS 
broadening and T wave abnormalities is highly suspicious for severe 
hyperkalaemia. This patient had a potassium of 8.0 in the context of anuric
renal failure.
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20 year old male presenting with seizures. BP 80/50. Describe the ECG.
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Main Abnormalities

• Broad complex tachycardia, rate ~ 130 bpm.

• The rhythm is likely sinus tachycardia with a 1st degree AV block — note the “camel hump” appearance to the T waves indicating a 
hidden P wave.

• Interventricular conduction delay (QRS duration > 100ms, not typical LBBB / RBBB morphology)

• Right axis deviation.

• Secondary R’ wave in aVR > 3 mm.

Diagnosis

• In the context of a patient presenting with seizures and hypotension, the combination of…

• QRS broadening > 100 ms

• R’ wave in aVR > 3 mm

• … is highly suggestive of poisoning with a sodium-channel blocking agent — e.g. tricyclic antidepressant.

• The sinus tachycardia may be due to the anticholinergic effects of the TCA. 

Clinical Pearls

• In the context of sodium channel blockade:

• A QRS duration > 100 ms is predictive of seizures.

• A QRS duration > 160 ms is predictive of cardiotoxicity.

• This patient is already manifesting life-threatening toxicity and needs aggressive resuscitation, including:

• Serum alkalinisation with NaHCO3 to reverse pH-dependent toxicity.

• Intubation and hyperventilation aiming for alkaline arterial pH (e.g. 7.45 to 7.55).

• Seizure management with benzodiazepines.

• BP management with fluid boluses +/- pressors.
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30-year old patient presenting with generalised weakness. Describe and interpret the ECG. 
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Main Abnormalities

•The ECG shows widespread ST segment abnormalities. 

•There is a biphasic appearance to the ST segments and T waves, with initial negative deflection (= ST segment depression / T wave inversion) followed by a terminal 

positive deflection (= U wave). 

•All these waves merge into each other and it is difficult to tell where one wave ends and the other begins. 

•There is gross prolongation of the QU interval (= time from onset of QRS complex to end of T/U wave). 

Diagnosis

The combination of…

•Widespread ST depression / T wave inversion 

•Prominent U waves 

•Long QU interval (> 500 ms) 

…. is highly suggestive of severe hypokalaemia.

This patient had a serum K of 1.7 mmol/L in the context of decompensated Conn’s syndrome (primary aldosteronism). 
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70-year old patient presenting with chest pain, dyspnoea and dizziness. BP 90/50. SaO2 83% RA. 
Describe the ECG. 

54



Main Abnormalities

•Sinus tachycardia ~ 100 bpm.

•Anterior T wave abnormalities: inverted in V1-3, biphasic in V4.

•Inferior T wave abnormalities: biphasic in III, aVF.

•Subtle ST elevation in III and aVF.

Significance of ECG Findings

This pattern of T wave inversions in the right precordial leads V1-4 plus the inferior leads (especially the 

rightward-facing lead III) is referred to as the right ventricular strain pattern. It is a marker of right ventricular 

hypertrophy or dilatation.

Diagnosis

In a patient presenting with acute shortness of breath, the combination of…

•Sinus tachycardia

•RV strain pattern in V1-4 (+/- lead III)

… is highly suggestive of acute cor pulmonale due to massive pulmonary embolism.

However, these ECG changes are not specific to PE and may be seen in other conditions associated with 

pulmonary hypertension and RV enlargement including:

•Chronic lung disease (COPD, lung fibrosis) with chronic cor pulmonale

•Right ventricular hypertropy — e.g. due to congenital causes, valvular heart disease

•Arrhythmogenic right ventricular cardiomyopathy
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Clinical Pearls

• Other ECG findings associated with pulmonary embolism include:

• New right axis deviation

• New right bundle branch block

• New dominant R wave in V1

• Non-specific ST segment changes

• The oft-quoted SI QIII TIII pattern (deep S wave in lead I, Q wave in III, inverted T wave in 
III) is neither sensitive nor specific for PE and is infrequently seen (20% of cases).

• Similarly, sinus tachycardia is not as ubiquitous in PE as people seem to think (< 50% of 
cases), and certainly should not be relied up to exclude PE.
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70-year old patient presenting with severe chest pain, diaphoresis and syncope. BP 65/40.
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90-year old patient found on the floor at home. Describe what his ECG shows.
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Middle aged female presenting with dyspnoea. Previous mastectomy for breast carcinoma. What 
does the ECG show?
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Young male found collapsed at home, apparently intoxicated. What does the ECG show?
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Middle-aged patient presenting with palpitations and dizziness. What does the ECG show?
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Middle aged patient presenting with central chest pain. What does the ECG show?
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Middle aged patient presenting with central chest pain. Posterior leads V7-9. What does the ECG 
show?
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20-year old patient with sudden onset of palpitations. What does the ECG show?
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20-year old patient with sudden onset of palpitations. What does the rhythm strip demonstrate?
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Middle aged patient presenting with chest pain and diaphoresis. What does the ECG show?
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80-year old patient with palpitations and syncope. What does the ECG show?
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75-year old smoker presenting with acute dyspnoea and productive cough. Describe the ECG.
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Post-intubation ECG of a young adult presenting with coma following a 6g quetiapine overdose. 
Describe the ECG.
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Young adult patient presenting with syncope. History of eating disorder. Describe the ECG.
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Young adult patient with pleuritic chest pain. Describe the ECG. 
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75-year old patient presenting with acute dyspnoea, productive cough and wheeze. Describe the ECG.
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Middle-aged patient presenting with chest pain. Describe the ECG.
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80-year old patient presenting with syncope. Describe the ECG.
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Middle-aged patient presenting with chest pain. Describe the ECG.
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15-year old patient presenting with rapid palpitations and dizziness. Symptoms resolved en route to hospital. 
Describe the ECG. 
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15-year old patient presenting with rapid palpitations and dizziness. Symptoms recur in ED. Describe the ECG.
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Elderly patient presenting with chest pain. BP 80/50. Describe the ECG. 
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36-year old old athlete, asymptomatic. Describe the ECG. 
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Looking for VT in RBBB morphology
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