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Learning Objectives

• Explain the purpose of a 12 lead ECG

• Identify the importance of proper lead 
placement and what the leads represent

• Identify axis deviation

• Recognize the wide variation in normal ECGs 
and how medications such as beta blockers and 
calcium channel blockers may influence the ECG 

http://www.google.com/url?url=http://www.corbisimages.com/stock-photo/rights-managed/42-52061401/lightbulb-with-heartshaped-filament&rct=j&frm=1&q=&esrc=s&sa=U&ei=LYTyVNSmJpLxoASu3IDwCg&ved=0CCQQ9QEwBw&usg=AFQjCNGFzuU2RvbKUxZfNGB2d8g48N6O1w
http://www.google.com/url?url=http://www.corbisimages.com/stock-photo/rights-managed/42-52061401/lightbulb-with-heartshaped-filament&rct=j&frm=1&q=&esrc=s&sa=U&ei=LYTyVNSmJpLxoASu3IDwCg&ved=0CCQQ9QEwBw&usg=AFQjCNGFzuU2RvbKUxZfNGB2d8g48N6O1w


In This Handout…..

• Color Coded Map of What Leads See

• Review of components of waveforms

• Summary of 12 Lead ECG Features

• 12 Lead ECGs





The ECG Complex







P Wave

• Electrical
– Atrial Depolarization- right and left sequential activation 

• Mechanical
– Blood is ejected from the atria through the Tricuspid Valve 

(RA) and the Mitral Valve (LA)

• Normally upright in I, II, aVF, V4-V6

• Duration < 0.12 seconds

• Amplitude < 2.5 mm

• May see notched or biphasic P waves in frontal plane
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PR Interval

• Electrical
– The time it takes for the energy to spread through the 

atria and pass through the AV junction

• Mechanical
– Ventricular filling time

• Normally .12-.20 seconds, isoelectric and consistent

• When longer than .20 seconds or not consistent, think about 
1st, 2nd or 3rd degree AV blocks
– Review medications (e.g. beta blockers, digoxin, calcium channel 

blockers)
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QRS Complex

• Electrical
– Ventricular depolarization- simultaneous activation of both

– Energy passing through the Bundle of His, down Bundle 
Branches and out through Purkinje Fibers

• Mechanical
– Blood is ejected out of the ventricles, through the semi lunar 

valves (Pulmonary RV and Aortic LV)

• Normally .06-.10 seconds

• Small, narrow Q wave in I, aVL, aVF, V5 and V6 normal
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QRS Complex

Q WAVE: The first negative 
deflection following the P wave, 
before the R wave.

R WAVE: first positive 
deflection following the P wave. 
A second positive deflection is 
R prime (R’).

S WAVE: The second negative 
deflection following the P wave, 
or the first negative deflection 
after the R wave.



ST Segment

• Electrical

– Beginning of ventricular repolarization

– Usually flat on the tracing 

– Refractory period for cells

• Mechanical

– Passive filling of ventricle
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T wave

• Electrical
– Part of the repolarization of the ventricles

– Usually a positive deflection

– Asymmetrical tent shape

• Mechanical
– Passive refilling of the ventricles
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QT Interval

• Measured from onset of QRS complex to end of T 
wave: includes ventricular depolarization and 
repolarization

• Rule of thumb: QT is 1/2 of the preceding R-R for NSR

• QT interval length depends on rate, physiology and 
medications: normal is generally .36-.44

• QTc = QT Corrected
– Males > .45 seconds is abnormal 

– Females > .47 seconds is abnormal

• If long, think about QT prolonging medications!
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Why Take a 12-LEAD ECG?

• Gold standard for the diagnosis of arrhythmias

• Guides therapy and risk stratification for patients with 
suspected myocardial infarction

• Helps detect electrolyte disturbances (e.g. hyperkalemia
and hypokalemia)

• Allows for the detection of conduction abnormalities 
(e.g. right and left bundle branch block)

• Used as a screening tool for ischemic heart disease 
during a cardiac stress test

• Occasionally helpful with non-cardiac diseases (e.g. 
pulmonary embolism or hypothermia)





What Does Each Lead “See”?
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12-LEAD ECG

• There are only 10 electrodes that take 12 
pictures of the heart!

• 4 LIMB LEADS WHICH CREATE 6 PICTURES

• I, II, III

• aVR, aVL, aVF

• 6 CHEST LEADS WHICH 
CREATE 6 PICTURES

• V1-V6



12-Lead ECG- Limb Lead Placement

WHITE TO THE RIGHT, SMOKE OVER FIRE! GREEN IS GROUND.



12-Lead ECG: 
Chest Lead Placement



12-Lead ECG:
Chest Lead Placement

The electrodes for the chest leads MUST go in the 

standard positions: 

•V1 - Fourth intercostal space, right sternal border. 

•V2 - Fourth intercostal space, left sternal border. 

•V3 - Midway between V2 and V4. 

•V4 - Fifth intercostal space, left midclavicular line. 

•V5 - Level with V4, left anterior axillary line. 

•V6 - Level with V4, left mid axillary line.



Bipolar and Augmented Leads



Frontal Plane- Hexaxial Diagram



Horizontal Plane



Horizontal Plane



What Does Each Lead “See”?

LEADS VIEW

II, III, aVF INFERIOR

V1, V2 SEPTAL

V3, V4 ANTERIOR

V5, V6, I, aVL LATERAL



What Does Each Lead “See”?



Taking a good picture

• II & aVF should look similar

• aVR is upside down (negative deflection)

• Precordial R wave progression
– V1 is mostly negative

– As you look through the V leads from 1 – 6, the R wave will continually 
become more positive

• ECG’s are a snapshot of the electrical workings of the heart at 
that moment and can change in seconds. Be a good 
photographer and QC your work before showing it to the 
physician. (Don’t be afraid to tell a technician or USNA to 
repeat an ECG if you think the quality is poor.)



ECG Leads

• Each ECG Lead has a different orientation to 
the heart

• Vectors of ventricular depolarization produce 
a different deflection in each lead

• Also true of ventricular repolarization and 
atrial depolarization



Deflection Direction

• A current flowing toward the positive terminal 
of the lead is recorded as a positive or upright 
deflection.

• A current flowing toward the negative 
terminal of the lead is recorded as a negative 
or downward deflection.



Deflection Direction



Deflection Direction



Deflection Direction

EQUIPHASIC



Deflection Direction



Deflection Direction-
Putting it Together

• A mean vector that is neither perpendicular nor 
parallel to the lead produces a complex that is 
somewhere in between equiphasic and fully negative 
or fully positive.





12-LEAD ECG
ELECTRICAL AXIS 



CONCEPTS OR TERMS TO KNOW

• Electrical axis refers to the aggregate intensity 
and direction that electrical impulses spread 
through the heart (depolarization).

– Right to left

– 45 degree angle

– Down towards feet

– Anterior to posterior



CONCEPTS OR TERMS TO KNOW

• Small deflection = weak vector
– A small deflection may occur with the lead being 

farther from the heart (e.g. emphysema, thick 
chest wall) or with myocardial damage (e.g. 
diffuse coronary disease, CHF) 

• Large deflection = strong vector
– A large deflection may be normal or due to 

hypertrophy





Important Points!

• The QRS axis represents the average direction 
of ventricular activation.

• Leads used to calculate the electrical axis are 
the frontal plane leads:
– standard limb leads (I,II,III) 

– aV leads (aVR, aVL, aVF)



Normal Axis, RAD, and LAD

• Normal: -30º to +90º/ +105º

• Right Axis Deviation: +90º to +150º 

– inferior and rightward

• Left Axis Deviation: -30º to -90º 

–superior and leftward





Normal



No-Man’s Land



Left Axis Deviation



CAUSES OF LEFT AXIS 
DEVIATION

• Mechanical shifts- expiration, high diaphragm 
from pregnancy, ascites, abdominal tumors, 
obesity, emphysema

• Left anterior hemiblock OR Left bundle branch 
block

• Congenital lesions

• Wolf-Parkinson-White syndrome

• Hyperkalemia

• Right ventricular paced or ectopic rhythms

• Left ventricular hypertrophy

• Inferior wall MI



CAUSES OF RIGHT AXIS DEVIATION

• Normal variation (to + 110)

• Mechanical shifts- inspiration, emphysema

• Right ventricular hypertrophy

• Right bundle branch block

• Left posterior hemiblock (LPH) associated with 
inferior MI

• Dextrocardia

• Left ventricular ectopic rhythms

• Wolf-Parkinson-White syndrome

• Anterolateral MI



CAUSES OF ABNORMAL AXIS 
(NO MAN’S LAND)

• Ventricular ectopic rhythms

• Right ventricular paced rhythms

• Less commonly seen in cardiomyopathies and 
with multiple myocardial infarctions



Lead I and Lead aVf are both upright!



DETERMINATION OF AN AXIS
Lead I and aVf are Positive

0º    I +I - -180º

+90 º

-90 º



NORMAL AXIS



NORMAL AXIS

RIGHT AXIS DEVIATION



NO MAN’S LAND

LEFT AXIS DEVIATION



https://www.youtube.com/watch?v=yJCFO5qJW84

http://www.youtube.com/watch?v=Mu71NqijEu0


Axis Deviation- Quick Check
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http://ecg.utah.edu/lesson/3
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Websites/Videos

• http://www.youtube.com/watch?v=URBREKIUALk

• http://www.youtube.com/watch?v=YsiNFaDtTYo

• http://www.youtube.com/watch?v=Mu71NqijEu0

• http://ecg.utah.edu/

• http://www.ecglibrary.com/ecghome.html

• http://lifeinthefastlane.com/resources/ecg-database/

• http://www.12leadecg.com/full/ecgindex.aspx
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THANK YOU!!!
QUESTIONS?


