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Advanced 12 Lead 2

Hypertrophy

 Complexes larger because takes longer 

to get through atria or ventricles

 Atrial enlargement = Large p waves

 Ventricular enlargement = Tall R waves

 Severe Left Atrial Enlargement

 Notched p wave > 0.12 second in limb leads

 Causes prolonged conduction times required to travel through enlarged LA

 Produces a double hump (camel hump)
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Advanced 12 Lead 3

Clinical Implications 

LA enlargement

 Causes

 Mitral stenosis

 LV Dysfunction

 Obstructive sleep apnea

 Obesity

 Risk for new onset atrial fibrillation

 Risk for stroke
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Advanced 12 Lead 4

 Right Atrial Enlargement

 Peaked P wave taller than 2.5 mm in the limb leads

 P-pulmonale = teepee
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Advanced 12 Lead 5

Clinical Implications 

RA enlargement
 Causes

 Increased right ventricular pressures

 Pulmonary arterial hypertension

 Cor pulmonale

 COPD

 Valvular disease

 Tricuspid regurgitation. 

 Tricuspid stenosis

 Atrial septal defect (ASD)

 Right Ventricular Failure

 S in V1 or V2 + R in V5 or V6 > 35 mm.  

Or

 Any precordial lead is > 45 mm

 The R wave in AVL is > 11mm

 The R wave in Lead I is > 12 mm

 The R wave in lead AVF is > 20 mm
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Advanced 12 Lead 6

S in V1 or V2 + R in V5 or V6 > 35 mm.  

Or

Any precordial lead is > 45 mm

The R wave in AVL is > 11mm

The R wave in Lead I is > 12 mm

The R wave in lead AVF is > 20 mm
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Advanced 12 Lead 7

S in V1 or V2 + R in V5 or V6 > 35 mm.  

Or

Any precordial lead is > 45 mm

The R wave in AVL is > 11mm

The R wave in Lead I is > 12 mm

The R wave in lead AVF is > 20 mm

S in V1 or V2 + R in V5 or V6 > 35 mm.  

Or

Any precordial lead is > 45 mm

The R wave in AVL is > 11mm

The R wave in Lead I is > 12 mm

The R wave in lead AVF is > 20 mm
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Advanced 12 Lead 8

12 Lead EKG 101 
Learn the Normal so you can detect the abnormal

Remember V1 and V2 

should be mostly 

negative

R

 R:S ratio is > 1 in leads V1 and/or V2

 R is bigger than S

R

S

R

S

R

S
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Advanced 12 Lead 9

R:S ratio is > 1 in leads V1 and/or V2

R is bigger than S

Practice EKG #1

HX of Pulmonary Hypertension & spontaneous pneumothorax
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Advanced 12 Lead 10

Practice EKG #1 --

Answer

HX of Pulmonary Hypertension & spontaneous pneumothorax

Practice EKG #2
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Advanced 12 Lead 11

Practice EKG #2

Answer

Would you be 

concerned 

about these 

ECGs?
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Advanced 12 Lead 12

Patient presents with 

Atypical Chest Pain

Patient presents with 

Atypical Chest Pain

15

20

23

24



Advanced 12 Lead 13

Echocardiogram

 LVEF 19%

 Severely decreased RV systolic function

 Mild biatrial enlargement

 Moderate mitral regurgitation

 Mild tricuspid regurgitation

 Mild to moderate pulmonary hypertension
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Advanced 12 Lead 14

 Pulmonary Hypertension

 P –Pulmonale (RAE)

 Right axis deviation

 Increased R:S ratio in V1 to V2

 RVH strain pattern

 S1, Q3, T3 pattern
PH

Right Ventricular Strain Pattern

 Increased R:S ratio (RVH)

 Concave downward ST 

segment that is 

depressed

 Flipped symmetrical T 

wave
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Advanced 12 Lead 15

Pulmonary Hypertension

Warning signs – won’t do 

well in surgery

 RBBB and RVH → think pulmonary 

hypertension

 Peaked p waves → think atrial 

enlargement

 Inverted t waves → think right ventricular 

strain
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Advanced 12 Lead 16

W

Wellens Syndrome

 Characterized by symmetrical, often deep (>2 mm),

T wave inversions in the anterior precordial leads

 Warning of critical stenosis of LAD

 Also known as LAD Coronary T wave Syndrome W
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Advanced 12 Lead 17

Two patterns of T-wave 

abnormality in Wellens syndrome

 Type A – Biphasic, with initial positivity and 

terminal negativity (25% of cases)

 Type B – Deeply and symmetrically 

inverted (75% of cases)

Wellens

Type A
Biphasic T Waves 

Biphasic, with initial positivity and terminal 
negativity (25% of cases)

Wellens
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Advanced 12 Lead 18

Type B

Deeply Inverted T Waves 

Deeply and symmetrically inverted (75% of 
cases)

Wellens

Wellens Diagnostic 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

Reference:  Rhinehart et al. Am J Emerg Med. 2002 Nov;20(7):638-43.
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Advanced 12 Lead 19

Wellens T wave Evolution

T wave changes can evolve over time from 

Type A to Type B pattern (Smith et al).

Reference: Smith et al. (N Engl J Med. 1980; 303:897–902.)

Possible sequence of events with 

Wellens syndrome
 A sudden occlusion of the LAD

• causing a transient anterior STEMI.

• The patient has chest pain & diaphoresis.

• May not be successfully captured on an ECG 
recording.

 Re-perfusion of the LAD (e.g. due to 
spontaneous clot lysis or prehospital aspirin).

• The chest pain resolves.

• ST elevation improves and T waves become 
biphasic or inverted.

• The T wave morphology is identical to patients 
who reperfuse after a successful PCI.

 If the artery remains open, the T waves evolve 
over time from biphasic to deeply inverted.

Reference: https://litfl.com/wellens-syndrome-ecg-library/
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Advanced 12 Lead 20

Possible sequence of events with 

Wellens syndrome (cont.)
.
 The coronary perfusion is unstable

• LAD can re-occlude at any time
• If this happens, the first sign on the ECG is an apparent 

normalisation of the T waves — so-called “pseudo-
normalisation”

• The T waves switch from biphasic/inverted to upright and 
prominent.

• This is a sign of hyperacute STEMI and is usually 
accompanied by recurrence of chest pain, although the 
ECG changes can precede the symptoms.

 If the artery remains occluded, the patient now 
develops an evolving anterior STEMI.

 Alternatively, a “stuttering” pattern may develop, with 
intermittent reperfusion and re-occlusion.
• This would manifest as alternating ECGs demonstrating 

Wellens and pseudonormalisation/STEMI patterns.

Reference: https://litfl.com/wellens-syndrome-ecg-library/

Pre Lexiscan EKG 12/4

TC
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Advanced 12 Lead 21

Pre Lexiscan EKG 12/4

Takotsubo Cardiomyopathy 

Pattern  EKG 12/4

EF 25 – 30%

Normal Coronary Arteries

This patient’s “normal” EKG
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Advanced 12 Lead 22

Wolff-Parkinson-White Syndrome

Wolff-Parkinson-White syndrome

 An extra electrical 

connection 

between the atria 

and the ventricles

43

44

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fnl.ecgpedia.org%2Fwiki%2FBestand%3ADelta_wave.svg&ei=ZC1lVanDPMeDsAXk0oCoCg&psig=AFQjCNEHgBd2XwWLqKAj5AsJlee1Sio0AA&ust=1432780399648890


Advanced 12 Lead 23

 Shortened PR interval < 0.12 sec with a normal p wave

 Wide QRS complex > 0.11 sec

 The presence of a delta wave

 Association with paroxysmal tachycardias – can be fatal
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Advanced 12 Lead 24

Post Cardioversion

64 y/o EKG  with dizziness and syncope
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Advanced 12 Lead 25

Home meds

 Celexa

 Seroquel

 Potassium 2.2

Q-T Measurement

Q – T Interval
 Represents the time from

when the electrical impulse

leaves the AV node –
travels through the Bundle

of HIS, down the bundle

branches, throughout the

ventricles and ventricular

REPOLARIZATION is

complete.

 From the beginning of the

“Q” to the end of the “T”

Upper limits of Q-T interval – Rate Based

Rate                                          QT interval        .
40                                          0.49 – 0.50 sec.
50                                          0.45 – 0.46 sec.
60                                          0.42 – 0.43 sec.
70                                          0.39 – 0.40 sec.
80                                          0.37 – 0.38 sec.
90                                          0.35 – 0.36 sec.
100                                         0.33 – 0.34 sec.
110                                         0.32 – 0.33 sec.
120                                         0.31 – 0.32 sec.
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Advanced 12 Lead 26

Prolonged QT
Rate-related value

QTc represents the QT corrected
for the rate.
 Prolonged if over 0.419 sec

 Markedly prolonged if over 0.440 sec

Good rule of thumb:
 If the patient is not tachycardic, the 

QT interval should not be more than 
half the R-R interval.

Prolonged QT

 Normal QT interval rate dependant 

 QT should be < half R to R interval

 www.qtdrugs.org
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Advanced 12 Lead 27

Long QT Syndrome (LQTS)
 Congenital
 Acquired

 Drugs
 Certain antibiotics (Quinolines)
 Antiarrhythmics

 Quinidine, procainamide, disopyramide, amiodarone, 
sotalol

 Antihistamines
 Psychotropic agents

 Tricyclic antidepressants and phenothiazine derivatives
 Diuretics

 Electrolytes imbalances
 Hypokalemia, hypocalcemia, and hypomagnesemia

Source: Konstantinos P, Drug Induced Long QT Syndrome, Hellenic J Cardio 48:296-299. 2007
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Advanced 12 Lead 28

Admission EKG12:26

EKG 2 years prior to event
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