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Chapter 9
Introduction to the 12-Lead ECG
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Objectives

List the leads that make up the standard 12-lead
ECG

Compare bipolar, unipolar, and chest leads

Describe correct anatomic placement of the chest
leads

Describe the portion of the heart viewed by each lead
of the 12-lead ECG

Explain the term electrical axis and its significance

Objectives

Determine electrical axis using leads | and aVF

Describe ECG changes that may reflect evidence of
myocardial ischemia and injury

Identify the ECG changes characteristically seen during
the evolution of an acute myocardial infarction

Explain the mechanism of a ST-segment elevation and
non-ST-segment elevation myocardial infarction

Describe the sequence of normal R-wave progression
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Objectives

Describe a method for recognizing a posterior wall myocardial
infarction

Identify the ECG features of right ventricular myocardial
infarction

Describe differentiation of right and left bundle branch block
using leads V, and Vg

Explain what is meant by the terms dilatation, hypertrophy, and
enlargement

Identify the ECG changes characteristically produced by
electrolyte imbalances

Describe ECG changes characteristically produced by digitalis
toxicity

12-Lead ECG

A standard 12-lead ECG provides views of
the heart in both the frontal and horizontal
planes and views the surfaces of the left
ventricle from 12 different angles

12-Lead ECG

Multiple views of the heart can provide useful
information including:
Recognition of bundle branch blocks
Identification of ST-segment and T wave changes

associated with myocardial ischemia, injury, and
infarction

Identification of ECG changes associated with
certain medications and electrolyte imbalances
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Frontal Plane Leads

Frontal plane leads view the
heart from the front of the
body

Directions in the frontal plane:
Superior
Inferior
Right
Left

Horizontal Plane Leads

View the heart as if the body
were sliced in half

Directions in horizontal plane:
Anterior
Posterior
Right
Left

Leads

Three types of leads:
Standard limb leads
Augmented limb leads
Chest (precordial or “V") leads

Comparison of Various Leads.

1,100, 1 Standard Limb Bipolar
Leads

aVR, aVvL, aVF Augmented Limb Unipolar
Leads

V1, Vy, Vg, Vy, Vs, Vg Chest Leads Unipolar
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Leads

Leads I, II, lll, aVR, aVvL, and aVF

Electrodes placed on patient's arms
and legs

Vi, Vs, V3, V4, Vs, Vg
Electrodes placed on patient’s chest
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Limb Leads

Leads I, Il, and Il
make up the standard g am e
limb leads e

In the bipolar leads:
Right arm electrode is
always negative
Left leg electrode is
always positive

Augmented Limb Leads

Leads aVR, aVL, and aVF
A = augmented
V = voltage
R =right arm
L = left arm
F = foot (usually the left leg)

Unipolar leads
Consist of only one electrode on body surface
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Chest Leads

The six chest leads are
unipolar leads

Identified as Vy, V,, V3,
V4, Vs, and Vg

Each electrode placed
in a V position is a
positive electrode

Vectors

| E—
L]
A vector (arrow) is a symbol
representing the magnitude and
direction of electrical forces caused
by depolarization and
repolarization throughout the
myocardium

v

Vectors

A mean vector identifies the average of
depolarization waves in one portion of the
heart

Mean P vector

Represents the average magnitude and direction
of both right and left atrial depolarization

Mean QRS vector

Represents the average magnitude and direction
of both right and left ventricular depolarization
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Mean axis
Average direction of a mean vector
Only identified in the frontal plane

Axis of a lead
An imaginary line joining the positive and negative
electrodes of a lead

Electrical axis
Refers to determining the direction (or angle in
degrees) in which the main vector of
depolarization is pointed

Hexaxial Reference System

The axes of leads I, II, and Il form an
equilateral triangle with the heart at the center

Einthoven's triangle

Hexaxial Reference System

If augmented limb leads are added to this
configuration and the axes of the six leads
moved in such a way that they bisect each
other, the result is the hexaxial reference system
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Hexaxial Reference System

The hexaxial reference system represents all
of the frontal plane (limb) leads with the heart
in the center

Forms a 360 caictdeanoounalt iechieeart

Hexaxial Reference System

Positive end of lead | is designated 0O

Six frontal plane leads divide the circle into
segments, each representing 30

All degrees in the upper

hemisphere are labeled

as negative degrees

All degrees in the lower

hemisphere are labeled

as positive degrees

Normal Electrical Axis

The mean QRS vector lies between 0 and
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Right Axis Deviation

Current flow to the right of normal is called
right axis deviation (+90 to +180%

Extreme Right Axis Deviation

Current flow in direction opposite normal
(-917o -1797 ipisatkdted:

Indeterminate

“No man’s land”

Northwest or extreme right axis deviation
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Left Axis Deviation

Current flow to the left of normal is called left
axis deviation (-1"to -90%

Axis Deviation—Leads | and aVF

Leads | and aVF divide the heart into four
quadrants

These two leads can be used to quickly estimate
electrical axis

In leads | and aVF, the QRS is normally
positive

If the QRS in either or both of these leads is
negative, axis deviation is present

AXis Deviation—Leads | and aVF

Right Indeterminate

| A [tomd] et | Bt [ideemie
QRS
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Acute Coronary Syndromes

. Non-ST-sagymenit ST-
Unsta(lﬂ%Angma Elevation Ml Elevation Ml

(NSTEMI) (STEMI)

Acute Coronary Syndromes

Excessive demand or inadequate supply of
oxygen and nutrients to the heart muscle

Associated with:
Plaque disruption
Thrombus formation
Vasoconstriction

Coronary Artery Occlusion

Patient’s clinical presentation and outcome
depend on factors including:
Amount of myocardium supplied by affected artery
Severity and duration of myocardial ischemia
Electrical instability of the ischemic myocardium
Degree and duration of coronary obstruction

Presence (and extent) or absence of collateral
coronary circulation
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Subendocardial
infarction

Endocardium

Transmural
infarction

Epicardium

Intramural
infarction

Subepicardial
infarction
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Ischemia, Injury, and Infarction

Main coronary arteries pe
lie on the epicardial ot A4 /:::;";%ary

Left
coronary

J / artery

surface of the heart

This area is fed first Creumiex
before supplying the
inner layers with

oxygenated blood Y g pogarir

s

ventricle descending g/l

artery N
1

it
ventricle

Ischemia, Injury, and Infarction

Myocardial ischemia
Imbalance between the metabolic needs of the
myocardium (demand) and the flow of oxygenated
blood to it (supply)
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Ischemia, Injury, and Infarction

Myocardial ischemia delays repolarization

ECG changes include temporary changes in
the ST-segment and T wave

Ischemia, Injury, and Infarction

ST-segment depression is significant when
the ST-segment is more than ¥2 mm below
the baseline at a point 0.04 sec to the right of
the J-point and is seen in two or more leads
facing the same anatomic area of the heart

N

J point

Ischemia, Injury, and Infarction

Locate J-point
Compare ST-segment deviation to isoelectric line

N

J point
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Ischemia, Injury, and Infarction

Injured cells will die unless blood flow is
quickly restored

Myocardial injury is viewed on the ECG as
ST-segment elevation in the leads facing the
affected area

Ischemia, Injury, and Infarction

Injured cells will show ST-segment elevation
in leads facing the affected area

J point

Ischemia, Injury, and Infarction

Suspect ventricular aneurysm if ST-segment
elevation persists for more than a few months
after MI
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Ischemia, Injury, and Infarction

Infarction occurs when blood flow to the heart
muscle stops or is suddenly decreased long
enough to cause cell death

Infarcted cells:
Cannot respond to an electrical stimulus
Do not provide any mechanical function

Myocardial Infarction—Diagnosis

Typical rise and gradual fall (troponin) or
more rapid rise and fall (CK-MB) of
biochemical markers of myocardial necrosis
with at least one of the following:

Ischemic symptoms

Development of pathologic Q waves on ECG

ECG changes (ST-segment elevation or

depression)

Or coronary artery intervention

Pathologic findings of an acute Mi

-
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Infarction—ECG Changes

Non-ST-segment elevation Ml (NSTEMI)
ST-segment depression in leads facing the
affected area

MI diagnosed if ECG changes are accompanied
by elevations of serum cardiac markers

MusbyJemg,)

14



08/30/2010

Infarction—ECG Changes

Most patients with ST-segment elevation Ml
will develop Q-wave Mi

Abnormal (pathologic) Q wave
>0.04 sec in duration and >1/3 the amplitude of
the following R wave in that lead
Indicates dead myocardial tissue, loss of electrical
activity

Infarction—Indicative ECG Changes

Copyright ® 2006 by Mosby Inc. Al ights reserved.

Infarction—ECG Changes

ST-segment elevation
“Smiley” face (upward concavity) is usually benign

Coved (“frowny face”) elevation is called an acute injury
pattern
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R-Wave Progression

Chest leads in a normal
heart
As the electrode is moved
from right to left:
* R wave becomes taller
* S wave becomes smaller

R-Wave Progression

V3 and V, normally
record an equiphasic
(equally positive and
negative) RS
complex

Transitional zone

A phrase used to
describe R waves
that decrease in size
from V,-V,
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Layout of the 12-Lead ECG

Limb Leads Chest Leads

Standard Augmented V-V, V,-Vg
Leads Leads

Column | Column Il Column il Column IV
I: lateral aVR: none V,.septum V,: anterior

II: inferior aVvL: lateral  V,:septum Vg lateral

lll: inferior  aVF:inferior V. anterior V. lateral
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Time and the 12-Lead ECG

When reviewing a 12-lead ECG, intervals and
duration are expressed in milliseconds (ms)

0.12 sec 0.120 120 ms

0.08 sec 0.080 80 ms

0.20 sec 0.200 200 ms
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Indicative ECG Changes

Indicative changes are significant when they

are seen in two anatomically contiguous
leads

Two leads are contiguous if:
They look at the same area of the heart
Or they are numerically consecutive chest leads

Indicative ECG Changes

Indicative ECG Changes

Which leads of a standard 12-lead ECG look
at the inferior wall of the left ventricle?

I:lateral  aVR:none V,.septum V,: anterior
II: inferior HaVL:lateral V ,:septum Vg lateral

llI: inferior gVF:inferior 'V 5 anterior V. lateral
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Lateral
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