
Lethal ECG Patterns
Stephen J. Rahm, NRP, FcEHS

Chief, Office of Clinical Direction
Co-Chair, Centre for Emergency Health Sciences



Connecting Experience 
with the Future



Stranger Things
§ QT Prolongation/LQTS
§ Brugada Pattern
§ Osborn Waves
§ Epsilon Waves
§ Wellens’ T Waves
§ de Winter ST/T Waves
§ Aslanger Pattern
§ aVR STE + Diffuse STD
§ Hyperkalemia Patterns



Before We Go Any Further…
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Lead wTF



Long QT Syndrome (LQTS)
Anton Jervell, MD

1901-1987
Fred Lange-Nielsen

1919-1989

Circa 1957



QT Prolongation/LQTS
§ Prolonged repolarization caused by malfunction 

of ion channels, leading to an intracellular excess 
of positively charged ions (cations)
• Inadequate outflow of K+ -or- excessive inflow of Na+

Males < 440 ms | Females < 460 ms > 500 ms = WARNING!



QT Prolongation/LQTS
• Inherited (Long QT Syndrome [LQTS])

§ Abnormal genes that can be passed onto family 
members

• Pharmacological
§ Much of what we carry on the ambulance!

• Metabolic
§ Hypokalemia
§ Hypocalcemia
§ Hypothyroidism
§ Hypomagnesemia
§ Hypothermia
§ Hypothyroidism



QT Prolonging Drugs
• Antipsychotics

• Olanzapine (Zyprexa)
• Haloperidol (Haldol)
• Droperidol (Inapsine)

• Antidysrhythmics
• Amiodarone (Cordarone)
• Procainamide (Pronestyl)
• Diltiazem (Cardizem)

• Antiemetics
• Ondansetron (Zofran)
• Promethazine (Phenergan)

• Others
• Albuterol (Ventolin, 

Proventil)
• Terbutaline (Brethine)
• Antidepressants (TCAs, 

SSRIs)
• Cocaine, meth, etc
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QT Prolongation/LQTS
§ Clinical Presentation
• Unexplained seizure
• Fainting following exercise, waking up to an 

alarm clock, or a sudden fright
• Sudden cardiac arrest in an otherwise healthy, 

fit patient with no warning symptoms
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Nijjer et al (2010)

QT = 500 ms



• Before you give a drug to a stable patient with a 
transient dysrhythmia, get a 12-Lead ECG!

• Get a 12-Lead ECG on ANY patient with syncope!
• Prolonged QTc?
• Brugada?
• ARVC?

“Primum non nocere”

Some drugs are a without an ECG!



Osborn Waves

John J. Osborn, MD
1917-2014



• Experimentally-induced hypothermia caused the 
development of a distinct deflection at the J point on 
the ECG and resulted in ventricular fibrillation
• He called this deflection the “current of injury”

• Osborn considered hypothermia-induced acidemia as a 
primary cause of the Osborn wave, because it 
disappeared when the arterial pH was normalized



Osborn (J) Waves
• Positive deflection at the J point
• Negative in Leads aVR and V1

• Characteristically seen in hypothermia, but can 
be seen in other conditions
• Early repolarization (normal variant)
• Hypercalcemia
• Severe myocarditis
• Neuro insults (ie, subarachnoid hemorrhage)

• Height of the J wave roughly proportional to the 
degree of hypothermia
• Usually most prominent in the precordial leads



Osborn (J) Waves



Osborn (J) Waves
Core Temp 30ºC (86ºF)



Osborn (J) Waves
Core Temp 28ºC (82.4ºF)



Osborn (J) Waves
Core Temp 26ºC (78.8ºF)



Osborn (J) Waves
Early Repolarization



Epsilon Waves
Guy H. Fontaine, MD

1936-2018



• Pathophysiology
• Genetic disorder in which myocytes in the RV are 

replaced with fat, causing a delay in excitation of some 
of the RV myocytes

• Prevalence
• ~1 in 5,000 of the general population
• 11% to 22% of SCD in young athletic population



Arrhythmogenic Right 
Ventricular Cardiomyopathy

Romero J, Mejia-Lopez E, Manrique C, Lucariello R. Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC/D): A Systematic Literature Review. 
Clin Med Insights Cardiol. 2013;7:97-114. Published 2013 May 21. doi:10.4137/CMC.S10940



Arrhythmogenic Right 
Ventricular Cardiomyopathy

•ECG signs
• T wave inversion in Leads V1-V3
• 85% of patients

• Epsilon waves 
• Most specific finding, seen in 50% of patients
• Caused by post-excitation of RV myocytes

• Prolonged S wave upstroke in V1-V3
• Localized QRS widening in V1-V3 (> 110 ms)



Arrhythmogenic Right 
Ventricular Cardiomyopathy

Epsilon Wave

Prolonged S Wave Upstroke

Small positive deflection buried in 
the end of the QRS complex



Arrhythmogenic Right 
Ventricular Cardiomyopathy
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Arrhythmogenic Right 
Ventricular Cardiomyopathy

Fontaine Leads



Arrhythmogenic Right 
Ventricular Cardiomyopathy

Gottschalk B, Gysel M, Barbosa-Barros R, et al. The use of fontaine leads in the diagnosis of arrhythmogenic right ventricular dysplasia. Ann 
Noninvasive Electrocardiol. 2014;19(3):279-284. doi:10.1111/anec.12153



Brugada Syndrome

Pedro Brugada, MD



• Eight patients with recurrent episodes of unexplained 
aborted sudden cardiac death whose common clinical and 
ECG features define them as having a distinct syndrome 
different from idiopathic ventricular fibrillation

• ECG during sinus rhythm showed right bundle branch block, 
normal QT interval, and persistent ST segment elevation in 
precordial leads V1 to V2-V3 not explainable by electrolyte 
disturbances, ischemia, or structural heart disease



Brugada Syndrome
• Sodium channel disorder
• 4%-12% of all SCD and 20% of SCD in 
patients without structural heart disease 
(Antzelevitch et al, 2005)
• Susceptible to polymorphic VT or VF
• Distinctive ECG pattern is diagnostic
• Brugada pattern “comes and goes”
• Can be precipitated by fever, high ambient temp, 
or sodium channel blockers

• Suspect if syncope patient presents with 
IRBBB, normal QTc, and ST elevation in V1-V2



Brugada Type 1

• Leads V1 and V2
• RBBB or IRBBB
• Coved ST elevation
• T wave inversion



Brugada Type 1



Brugada Type 1



Brugada Type 2

• Leads V1 and V2
• RBBB or IRBBB
• “Saddleback” ST 

elevation



Brugada Type 2



Brugada Type 2



Wellens’ Syndrome

Henrick J. Wellens, MD
1935 – 2020 



• 145 patients consecutively admitted for unstable angina
• 18% (n=26) showed a specific pattern of ST/T wave change in 

the precordial leads
• 38% (n=10) received CABG
• 62% (n=16) did not receive CABG

75% (n=12) developed an extensive anterior 
wall MI within a few weeks after admission 



• T wave changes associated with critical, proximal LAD stenosis
• Also called “LAD coronary T-wave syndrome”

• Syndrome criteria include T wave changes + history of anginal chest 
pain
• Most patients pain-free at time of ECG
• Precordial R wave progression is intact
• No precordial Q waves or significant ST elevation

• Wellen’s T waves
• Type A: Biphasic T waves (~25%)
• Type B: Symmetrical inverted T waves (~75%)



Wellens’ T Waves

Reperfusion T Waves
Evolution of T-wave inversion [A-D] after coronary reperfusion in STEMI reperfusion and in Wellens syndrome (NSTEMI). Modified from Smith et al. Evolution of 
T-wave inversion. The ECG in acute MI, 2002



Wellens’ T Waves

Type A
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Wellens’ T Waves

Type B
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Type B



de Winter ST/T Waves

Robbert J. de Winter, MD



de Winter ST/T waves
• Indicates proximal LAD occlusion
• 2% occurrence

• 1 – 3 mm ST depression
• Upright, symmetrical T waves (“rocket” T waves)
• Changes are dynamic

Does NOT meet STEMI criteria



De Winter ST/T Waves
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Aslanger Pattern

Emre Aslanger, MD



• Indicates inferior MI with concomitant multi-vessel disease
• 13.3% of patients with inferior MI
• 6.3% of patients with NSTEMI

• Non-contiguous ST elevation that does not meet STEMI 
criteria
• ST elevation in Lead III + aVR (rightward leads)
• Multi-Lead ST depression (diffuse subendocardial ischemia)

• Predictor of larger infarct size and higher mortality



Aslanger Pattern

Photo Credit: Life in the Fast Line (https://litfl.com/aslanger-pattern/)

Why is there not contiguous ST elevation?

• In cases of limited inferior 
wall injury, the ST vector 
localizes the area of 
infarction and is directed 
inferiorly and rightward 
(yellow arrow)

• ST vector of subendocardial 
ischemia does not localize to 
the ischemia and directs to 
lead aVR (blue arrow)

• Resultant average ST vector 
directs rightward, causing ST 
elevation only in leads III 
and aVR



Aslanger Pattern



Aslanger Pattern
• Cath Findings (triple vessel disease)

• Ostium of RCA 100% occluded
• Mild disease of left main coronary artery
• Proximal LAD has stent that is 100% occluded

• Distal LAD has severe 90% lesion
• Proximal circumflex has a severe 90% lesion

• Outcome
• Referred for CABG



aVR STE + Diffuse STD

Sheldon Lee Cooper, B.Sc., M.Sc., M.A., Ph. D., Sc. D.



aVR ST Elevation + Diffuse 
ST Depression

• Heart Sick
• Left main coronary insufficiency
• Proximal LAD occlusion
• Triple vessel disease

• Sick, but not Heart Sick
• Severe anemia (ie, GI bleed)
• Demand ischemia (ie, tachycardia)
• Thoracic aortic dissection
• Massive pulmonary embolism
• Severe hypo- or hyperkalemia

Diffuse Subendocardial Ischemia
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• 847 STEMI activations between 2014 and 2018 
• 12% (n=99) had aVR STE + multi-lead ST depression

• Emergent angiography performed in 80% (n=79)
• Acute coronary occlusion found in 10% (n=8)

• None were left main or LAD occlusion



aVR STE + Diffuse STD



aVR STE + Diffuse STD
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aVR STE + Diffuse STD



Hyperkalemia

…the syphilis of ECGs



Hyperkalemia
• Potassium > 5 mEq/L (3.5-5 mEq/L)
• Risk factors
• Renal insufficiency/failure
• Diabetes
• Adrenal disease
• ACE inhibitors (lisinopril, enalapril, etc) 
• K+ sparing diuretics (spironolactone, triamterene, etc)
• Severe burns
• Crush injury



Hyperkalemia

K+

5.0

6.0

7.0

8.0

Peaked tented T waves

Loss of P waves

QRS widening

Sine wave pattern Asystole
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Hyperkalemia

Littmann Sign



Hyperkalemia

Littmann Sign



8 Key Summary Points
1. Position your leads correctly, otherwise it doesn’t count!
2. Anyone with syncope has earned at least one 12-Lead ECG
3. No antidysrhythmic therapy on stable patients with a 

transient dysrhythmia until you have acquired a 12-Lead 
ECG

4. Many drugs that begin with “anti-” or metabolic conditions 
that begin with “hypo-” can prolong the QT interval
• See #3 above

5. Patients with a history of unexplained syncope or a 
family member who died young from SCA are SUSPECT

6. ST elevation is NOT the only ECG manifestation of acute 
coronary occlusion

7. Hyperkalemia can mimic pretty much ANYTHING!
8. Standard ACLS therapies EXACERBATE hyperkalemia!



Questions?

Stephen.Rahm@hiscentre.com | Twitter: @StephenRahm

Thank You!


