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Chapter 9Chapter 9

Introduction to the 12Introduction to the 12--Lead ECGLead ECG
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ObjectivesObjectives

�� List the leads that make up the standard 12List the leads that make up the standard 12--lead lead 
ECGECG

�� Compare bipolar, unipolar, and chest leadsCompare bipolar, unipolar, and chest leads

�� Describe correct anatomic placement of the chest Describe correct anatomic placement of the chest 
leadsleads

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

�� Explain the term electrical axis and its significanceExplain the term electrical axis and its significance
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ObjectivesObjectives
�� Determine electrical axis using leads I and aVFDetermine electrical axis using leads I and aVF

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

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

�� Explain the mechanism of a STExplain the mechanism of a ST--segment elevation and segment elevation and 
nonnon--STST--segment elevation myocardial infarctionsegment elevation myocardial infarction

�� Describe the sequence of normal RDescribe the sequence of normal R--wave progressionwave progression
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ObjectivesObjectives
�� Describe a method for recognizing a posterior wall myocardial Describe a method for recognizing a posterior wall myocardial 

infarctioninfarction

�� Identify the ECG features of right ventricular myocardial Identify the ECG features of right ventricular myocardial 
infarctioninfarction

�� Describe differentiation of right and left bundle branch block Describe differentiation of right and left bundle branch block 
using leads Vusing leads V11 and Vand V66

�� Explain what is meant by the terms Explain what is meant by the terms dilatationdilatation, , hypertrophyhypertrophy, and , and 
enlargementenlargement

�� Identify the ECG changes characteristically produced by Identify the ECG changes characteristically produced by 
electrolyte imbalanceselectrolyte imbalances

�� Describe ECG changes characteristically produced by digitalis Describe ECG changes characteristically produced by digitalis 
toxicitytoxicity
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1212--Lead ECGLead ECG

�� A standard 12A standard 12--lead ECG provides views of lead ECG provides views of 
the heart in both the frontal and horizontal the heart in both the frontal and horizontal 
planes and views the surfaces of the left planes and views the surfaces of the left 
ventricle from 12 different anglesventricle from 12 different angles
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1212--Lead ECGLead ECG

�� Multiple views of the heart can provide useful Multiple views of the heart can provide useful 
information including:information including:
�� Recognition of bundle branch blocksRecognition of bundle branch blocks

�� Identification of STIdentification of ST--segment and T wave changes segment and T wave changes 
associated with myocardial ischemia, injury, and associated with myocardial ischemia, injury, and 
infarctioninfarction

�� Identification of ECG changes associated with Identification of ECG changes associated with 
certain medications and electrolyte imbalances certain medications and electrolyte imbalances 



08/30/2010

3

Copyright © 2006 by Mosby Inc.  All rights reserved.

Frontal Plane LeadsFrontal Plane Leads

�� Frontal plane leads view the Frontal plane leads view the 
heart from the front of the heart from the front of the 
bodybody

�� Directions in the frontal plane:Directions in the frontal plane:
�� SuperiorSuperior
�� InferiorInferior

�� RightRight
�� LeftLeft
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Horizontal Plane LeadsHorizontal Plane Leads

�� View the heart as if the body View the heart as if the body 
were sliced in halfwere sliced in half

�� Directions in horizontal plane:Directions in horizontal plane:
�� AnteriorAnterior
�� PosteriorPosterior
�� RightRight
�� LeftLeft
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LeadsLeads
�� Three types of leads: Three types of leads: 

�� Standard limb leadsStandard limb leads
�� Augmented limb leadsAugmented limb leads
�� Chest (precordial or “V”) leadsChest (precordial or “V”) leads

Comparison of Various Leads.

I, II, III Standard Limb 
Leads

Bipolar

aVR, aVL, aVF Augmented Limb 
Leads

Unipolar

V1, V2, V3, V4, V5, V6 Chest Leads Unipolar
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LeadsLeads

�� Leads I, II, III, aVR, aVL, and aVFLeads I, II, III, aVR, aVL, and aVF
�� Electrodes placed on patient’s arms Electrodes placed on patient’s arms 

and legsand legs

�� VV11, V, V22, V, V33, V, V44, V, V55, V, V66

�� Electrodes placed on patient’s chestElectrodes placed on patient’s chest
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Limb LeadsLimb Leads

�� Leads I, II, and III Leads I, II, and III 
make up the standard make up the standard 
limb leadslimb leads

�� In the bipolar leads:In the bipolar leads:
�� Right arm electrode is Right arm electrode is 

always negative always negative 
�� Left leg electrode is Left leg electrode is 

always positivealways positive
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Augmented Limb Leads Augmented Limb Leads 

�� Leads aVR, aVL, and aVFLeads aVR, aVL, and aVF
�� A = augmentedA = augmented
�� V = voltageV = voltage
�� R = right armR = right arm
�� L = left armL = left arm
�� F = foot (usually the left leg) F = foot (usually the left leg) 

�� Unipolar leadsUnipolar leads
�� Consist of only one electrode on body surfaceConsist of only one electrode on body surface
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Chest LeadsChest Leads

�� The six chest leads are The six chest leads are 
unipolar leadsunipolar leads

�� Identified as VIdentified as V11, V, V22, V, V33, , 
VV44, V, V55, and V, and V66

�� Each electrode placed Each electrode placed 
in a V position is a in a V position is a 
positive electrodepositive electrode
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VectorsVectors

�� A vector (arrow) is a symbol A vector (arrow) is a symbol 
representing the magnitude and representing the magnitude and 
direction of electrical forces caused direction of electrical forces caused 
by depolarization and by depolarization and 
repolarization throughout the repolarization throughout the 
myocardiummyocardium
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VectorsVectors
�� A mean vector identifies the average of A mean vector identifies the average of 

depolarization waves in one portion of the depolarization waves in one portion of the 
heartheart

�� Mean P vectorMean P vector
�� Represents the average magnitude and direction Represents the average magnitude and direction 

of both right and left atrial depolarizationof both right and left atrial depolarization

�� Mean QRS vectorMean QRS vector
�� Represents the average magnitude and direction Represents the average magnitude and direction 

of both right and left ventricular depolarizationof both right and left ventricular depolarization
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AxisAxis
�� Mean axisMean axis

�� Average direction of a mean vectorAverage direction of a mean vector
�� Only identified in the frontal planeOnly identified in the frontal plane

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

electrodes of a leadelectrodes of a lead

�� Electrical axisElectrical axis
�� Refers to determining the direction (or angle in Refers to determining the direction (or angle in 

degrees) in which the main vector of degrees) in which the main vector of 
depolarization is pointeddepolarization is pointed
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Hexaxial Reference SystemHexaxial Reference System

�� The axes of leads I, II, and III form an The axes of leads I, II, and III form an 
equilateral triangle with the heart at the center equilateral triangle with the heart at the center 
�� Einthoven's triangleEinthoven's triangle

Copyright © 2006 by Mosby Inc.  All rights reserved.

Hexaxial Reference SystemHexaxial Reference System
�� If augmented limb leads are added to this If augmented limb leads are added to this 

configuration and the axes of the six leads configuration and the axes of the six leads 
moved in such a way that they bisect each moved in such a way that they bisect each 
other, the result is the hexaxial reference systemother, the result is the hexaxial reference system
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Hexaxial Reference SystemHexaxial Reference System
�� The hexaxial reference system represents all The hexaxial reference system represents all 

of the frontal plane (limb) leads with the heart of the frontal plane (limb) leads with the heart 
in the centerin the center

�� Forms a 360Forms a 360°°circle around the heartcircle around the heart
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Hexaxial Reference SystemHexaxial Reference System
�� Positive end of lead I is designated 0Positive end of lead I is designated 0��

�� Six frontal plane leads divide the circle into Six frontal plane leads divide the circle into 
segments, each representing 30segments, each representing 30��
�� All degrees in the upperAll degrees in the upper

hemisphere are labeledhemisphere are labeled
as negative degreesas negative degrees

�� All degrees in the lowerAll degrees in the lower
hemisphere are labeledhemisphere are labeled
as positive degreesas positive degrees
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Normal Electrical AxisNormal Electrical Axis

�� The mean QRS vector lies between 0The mean QRS vector lies between 0�� andand
+90+90��

0

+30

+60+90
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Right Axis DeviationRight Axis Deviation

�� Current flow to the right of normal is called Current flow to the right of normal is called 
right axis deviation (+90right axis deviation (+90�� to +180to +180°°))

+90+120
+150

+180
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Extreme Right Axis DeviationExtreme Right Axis Deviation

�� Current flow in direction opposite normal Current flow in direction opposite normal 

((--9191°°to to --179179°°) is called:) is called:
�� IndeterminateIndeterminate
�� “No man’s land”“No man’s land”
�� Northwest or extreme right axis deviationNorthwest or extreme right axis deviation
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Extreme Right Axis DeviationExtreme Right Axis Deviation

+/-180

-120

-150

-90
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Left Axis DeviationLeft Axis Deviation

�� Current flow to the left of normal is called left Current flow to the left of normal is called left 
axis deviation (axis deviation (--11°°to to --9090°°))

-30
-60--90
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Axis DeviationAxis Deviation——Leads I and aVFLeads I and aVF

�� Leads I and aVF divide the heart into four Leads I and aVF divide the heart into four 
quadrantsquadrants
�� These two leads can be used to quickly estimate These two leads can be used to quickly estimate 

electrical axiselectrical axis

�� In leads I and aVF, the QRS is normally In leads I and aVF, the QRS is normally 
positivepositive

�� If the QRS in either or both of these leads is If the QRS in either or both of these leads is 
negative, axis deviation is presentnegative, axis deviation is present
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Axis DeviationAxis Deviation——Leads I and aVFLeads I and aVF

NegativeNegativePositivePositiveNegativeNegativePositivePositiveLead aVF Lead aVF 
QRSQRS

NegativeNegativeNegativeNegativePositivePositivePositivePositiveLead I QRSLead I QRS

IndeterminateIndeterminateRightRightLeftLeftNormalNormalAxisAxis
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Acute Coronary SyndromesAcute Coronary Syndromes

Unstable AnginaUnstable Angina
(UA)(UA)

NonNon--STST--segmentsegment
Elevation MIElevation MI
(NSTEMI)(NSTEMI)

STST--segmentsegment
Elevation MIElevation MI

(STEMI)(STEMI)
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Acute Coronary Syndromes Acute Coronary Syndromes 

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

�� Associated with:Associated with:
�� Plaque disruptionPlaque disruption
�� Thrombus formationThrombus formation
�� VasoconstrictionVasoconstriction
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Coronary Artery OcclusionCoronary Artery Occlusion

�� Patient’s clinical presentation and outcome Patient’s clinical presentation and outcome 
depend on factors including:depend on factors including:
�� Amount of myocardium supplied by affected arteryAmount of myocardium supplied by affected artery

�� Severity and duration of myocardial ischemiaSeverity and duration of myocardial ischemia
�� Electrical instability of the ischemic myocardiumElectrical instability of the ischemic myocardium
�� Degree and duration of coronary obstructionDegree and duration of coronary obstruction
�� Presence (and extent) or absence of collateral Presence (and extent) or absence of collateral 

coronary circulationcoronary circulation
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Acute Coronary Syndromes Acute Coronary Syndromes 
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Main coronary arteries Main coronary arteries 
lie on the epicardial lie on the epicardial 
surface of the heartsurface of the heart

�� This area is fed first This area is fed first 
before supplying the before supplying the 
inner layers with inner layers with 
oxygenated bloodoxygenated blood
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Myocardial ischemiaMyocardial ischemia
�� Imbalance between the metabolic needs of the Imbalance between the metabolic needs of the 

myocardium (demand) and the flow of oxygenated myocardium (demand) and the flow of oxygenated 
blood to it (supply)blood to it (supply)
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Myocardial ischemia delays repolarizationMyocardial ischemia delays repolarization

�� ECG changes include temporary changes in ECG changes include temporary changes in 
the STthe ST--segment and T wavesegment and T wave
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� STST--segment depression is significant when segment depression is significant when 
the STthe ST--segment is more than ½ mm below segment is more than ½ mm below 
the baseline at a point 0.04 sec to the right of the baseline at a point 0.04 sec to the right of 
the Jthe J--point and is seen in two or more leads point and is seen in two or more leads 
facing the same anatomic area of the heartfacing the same anatomic area of the heart
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Locate JLocate J--pointpoint
�� Compare STCompare ST--segment deviation to isoelectric linesegment deviation to isoelectric line
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Injured cells will die unless blood flow is Injured cells will die unless blood flow is 
quickly restoredquickly restored

�� Myocardial injury is viewed on the ECG as Myocardial injury is viewed on the ECG as 
STST--segment elevation in the leads facing the segment elevation in the leads facing the 
affected areaaffected area
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

�� Injured cells will show STInjured cells will show ST--segment elevation  segment elevation  
in leads facing the affected areain leads facing the affected area
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Ischemia, Injury, and InfarctionIschemia, Injury, and Infarction

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

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

�� Infarcted cells:Infarcted cells:
�� Cannot respond to an electrical stimulusCannot respond to an electrical stimulus
�� Do not provide any mechanical functionDo not provide any mechanical function
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Myocardial InfarctionMyocardial Infarction——DiagnosisDiagnosis

�� Typical rise and gradual fall (troponin) or Typical rise and gradual fall (troponin) or 
more rapid rise and fall (CKmore rapid rise and fall (CK--MB) of MB) of 
biochemical markers of myocardial necrosis biochemical markers of myocardial necrosis 
with at least one of the following:with at least one of the following:
�� Ischemic symptomsIschemic symptoms
�� Development of pathologic Q waves on ECGDevelopment of pathologic Q waves on ECG
�� ECG changes (STECG changes (ST--segment elevation or segment elevation or 

depression)depression)
�� Or coronary artery interventionOr coronary artery intervention

�� Pathologic findings of an acute MIPathologic findings of an acute MI
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InfarctionInfarction——ECG ChangesECG Changes

�� NonNon--STST--segment elevation MI (NSTEMI)segment elevation MI (NSTEMI)
�� STST--segment depression in leads facing the segment depression in leads facing the 

affected areaaffected area
�� MI diagnosed if ECG changes are accompanied MI diagnosed if ECG changes are accompanied 

by elevations of serum cardiac markersby elevations of serum cardiac markers
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InfarctionInfarction——ECG ChangesECG Changes

�� Most patients with STMost patients with ST--segment elevation MI segment elevation MI 
will develop Qwill develop Q--wave MIwave MI

�� Abnormal (pathologic) Q waveAbnormal (pathologic) Q wave
�� >0.04 sec in duration and >1/3 the amplitude of >0.04 sec in duration and >1/3 the amplitude of 

the following R wave in that leadthe following R wave in that lead
�� Indicates dead myocardial tissue, loss of electrical Indicates dead myocardial tissue, loss of electrical 

activityactivity
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InfarctionInfarction——Indicative ECG ChangesIndicative ECG Changes

Copyright © 2006 by Mosby Inc.  All rights reserved.

InfarctionInfarction——ECG ChangesECG Changes

�� STST--segment elevationsegment elevation
�� “Smiley” face (upward concavity) is usually benign“Smiley” face (upward concavity) is usually benign
�� Coved (“frowny face”) elevation is called an Coved (“frowny face”) elevation is called an acute injury acute injury 

patternpattern
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RR--Wave ProgressionWave Progression

�� Chest leads in a normal Chest leads in a normal 
heartheart

�� As the electrode is moved As the electrode is moved 
from right to left:from right to left:

•• R wave becomes tallerR wave becomes taller

•• S wave becomes smallerS wave becomes smaller
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RR--Wave ProgressionWave Progression

�� VV33 and Vand V44 normally normally 
record an equiphasic record an equiphasic 
(equally positive and (equally positive and 
negative) RS negative) RS 
complex complex 

�� Transitional zoneTransitional zone
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Poor RPoor R--Wave ProgressionWave Progression

�� A phrase used to A phrase used to 
describe R waves describe R waves 
that decrease in size that decrease in size 
from Vfrom V11--VV44
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Layout of the 12Layout of the 12--Lead ECGLead ECG

Limb Leads Chest Leads

Standard 
Leads

Augmented 
Leads

V1-V3 V4-V6

Column I Column II Column III Column IV

I: lateral aVR: none V1: septum V4: anterior 

II: inferior aVL: lateral V2: septum V5:  lateral 

III: inferior aVF: inferior V3: anterior V6:  lateral 
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1212--Lead Shows 2.5 Sec Lead Shows 2.5 Sec 
View of Each LeadView of Each Lead
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Time and the 12Time and the 12--Lead ECGLead ECG

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

0.12 sec0.12 sec 0.1200.120 120 ms120 ms

0.08 sec0.08 sec 0.0800.080 80 ms80 ms

0.20 sec0.20 sec 0.2000.200 200 ms200 ms
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Indicative ECG ChangesIndicative ECG Changes

�� Indicative changes are significant when they Indicative changes are significant when they 
are seen in two are seen in two anatomically contiguousanatomically contiguous
leadsleads

�� Two leads are contiguous if:Two leads are contiguous if:
�� They look at the same area of the heartThey look at the same area of the heart
�� Or they are numerically consecutive Or they are numerically consecutive chestchest leads leads 
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Indicative ECG ChangesIndicative ECG Changes
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Indicative ECG ChangesIndicative ECG Changes

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

I: lateral aVR: none V 1: septum V4: anterior

II: inferior aVL: lateral V 2: septum V5: lateral

III: inferior aVF: inferior V 3: anterior V 6: lateral
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Which Leads ShowWhich Leads Show
STST--Segment Elevation?Segment Elevation?

Are they anatomically contiguous leads?Are they anatomically contiguous leads?

Copyright © 2006 by Mosby Inc.  All rights reserved.

STST--Segment Elevation isSegment Elevation is
Present in II, III, aVFPresent in II, III, aVF
They They areare anatomically contiguous; inferior MIanatomically contiguous; inferior MI

Lateral

Lateral Lateral

Lateral

Inferior

Inferior Inferior Anterior

AnteriorSeptum

Septum

Copyright © 2006 by Mosby Inc.  All rights reserved.

Reciprocal ChangesReciprocal Changes
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Localization of InfarctionLocalization of Infarction
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Predicting the Site of Predicting the Site of 
Coronary Artery OcclusionCoronary Artery Occlusion

�� Leads II, III, and aVF = inferior wall Leads II, III, and aVF = inferior wall 
�� Supplied by RCA in most of the populationSupplied by RCA in most of the population

�� Leads viewing areas supplied by the left Leads viewing areas supplied by the left 
coronary artery:coronary artery:
�� I, aVL, VI, aVL, V55, V, V66 –– lateral walllateral wall
�� VV11--VV22 –– septumseptum
�� VV33--VV44 –– anterior wall anterior wall 
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Assessing the Extent of InfarctionAssessing the Extent of Infarction

�� Evaluate how many leads are showing Evaluate how many leads are showing 
indicative changesindicative changes
�� Changes in only a few leads suggests a smaller Changes in only a few leads suggests a smaller 

infarctioninfarction

�� In general, the more proximal the occlusion:In general, the more proximal the occlusion:
�� The larger the infarctionThe larger the infarction

�� The greater the number of leads showing The greater the number of leads showing 
indicative changesindicative changes
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Specific Types of MIs Specific Types of MIs 
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Anterior Wall MI (AWMI)Anterior Wall MI (AWMI)

�� Leads VLeads V33 and Vand V44 face anterior wall of left ventricle face anterior wall of left ventricle 

�� Left main coronary artery supplies:Left main coronary artery supplies:
�� Left anterior descending artery (LAD) Left anterior descending artery (LAD) 
�� Circumflex arteryCircumflex artery

�� Left main coronary artery occlusionLeft main coronary artery occlusion
�� “Widow maker”“Widow maker”
�� Often leads to cardiogenic shock and death without prompt Often leads to cardiogenic shock and death without prompt 

reperfusionreperfusion
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Anterior Wall MI (AWMI)Anterior Wall MI (AWMI)
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Evolution of Anteroseptal MIEvolution of Anteroseptal MI

�� Indicative changes in leads VIndicative changes in leads V22--44

�� Left: At admission, hyperacute Left: At admission, hyperacute 
phase is reflected by STphase is reflected by ST--
segment elevationsegment elevation

�� Middle: At 24 hoursMiddle: At 24 hours

�� Right: At 48 hours, pathologic Right: At 48 hours, pathologic 
Q waves Q waves 
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Inferior Wall MI (IWMI)Inferior Wall MI (IWMI)

Copyright © 2006 by Mosby Inc.  All rights reserved.

Inferior Wall MI (IWMI)Inferior Wall MI (IWMI)
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Inferior Wall MI (IWMI)Inferior Wall MI (IWMI)
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Inferior Wall MI (IWMI)Inferior Wall MI (IWMI)
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Lateral Wall MI (LWMI)Lateral Wall MI (LWMI)

�� Leads I, aVL, VLeads I, aVL, V55, and V, and V66 view the lateral wallview the lateral wall
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Lateral Wall MI (LWMI)Lateral Wall MI (LWMI)

Copyright © 2006 by Mosby Inc.  All rights reserved.

Lateral Wall MI (LWMI)Lateral Wall MI (LWMI)

Copyright © 2006 by Mosby Inc.  All rights reserved.

Septal MISeptal MI
�� Leads VLeads V11 and Vand V22 face the septal area of the left face the septal area of the left 

ventricle.ventricle.
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Septal Infarction Septal Infarction 
Poor RPoor R--wave Progressionwave Progression
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Posterior MIPosterior MI
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Posterior MIPosterior MI
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Posterior Chest Lead PlacementPosterior Chest Lead Placement

Copyright © 2006 by Mosby Inc.  All rights reserved.

Posterior InfarctionPosterior Infarction
Evolutionary changes in inferior and Evolutionary changes in inferior and 

posterior MIposterior MI

�� Left: Acute inferior and apical injuryLeft: Acute inferior and apical injury

�� Right: At 24 hours: Note tall R Right: At 24 hours: Note tall R 
wave in lead Vwave in lead V11 not present in A, not present in A, 
suggesting posterior MIsuggesting posterior MI

�� Bottom: (VBottom: (V77--99) Posterior infarction ) Posterior infarction 
confirmedconfirmed
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Right Ventricular Infarction Right Ventricular Infarction 
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Right Chest Leads Right Chest Leads 

�� Right chest leads used Right chest leads used 
to view right ventricle to view right ventricle 
�� If time does not permit If time does not permit 

obtaining all of the right obtaining all of the right 
chest leads, Vchest leads, V44R is lead R is lead 
of choiceof choice
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Right Ventricular Infarction Right Ventricular Infarction 
(RVI)(RVI)

�� Evolutionary changes in Evolutionary changes in 
inferior and right inferior and right 
ventricular infarction ventricular infarction 
�� Left Left –– At admission At admission –– acute acute 

phasephase
�� Middle Middle –– At 12 hoursAt 12 hours
�� Right Right –– Right chest leads Right chest leads 

showing RVIshowing RVI
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Right Ventricular Infarction (RVI)Right Ventricular Infarction (RVI)

�� Clinical triad of RVI: Clinical triad of RVI: 
�� HypotensionHypotension
�� Jugular venous distentionJugular venous distention
�� Clear breath soundsClear breath sounds

�� Only 10Only 10--15% of patients with RVI present with 15% of patients with RVI present with 
these signs and symptomsthese signs and symptoms
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Intraventricular Conduction Intraventricular Conduction 
DelaysDelays
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Structures of the Structures of the 
Intraventricular Conduction SystemIntraventricular Conduction System

�� After passing through the AV node, the After passing through the AV node, the 
electrical impulse enters the bundle of Hiselectrical impulse enters the bundle of His
�� Normally only electrical connection between atria Normally only electrical connection between atria 

and ventriclesand ventricles
�� Connects AV node with two bundle branchesConnects AV node with two bundle branches
�� Conducts impulse to right and left bundle Conducts impulse to right and left bundle 

branchesbranches
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Structures of the Structures of the 
Intraventricular Conduction SystemIntraventricular Conduction System

�� Right bundle branchRight bundle branch
�� Travels down right side of interventricular septumTravels down right side of interventricular septum
�� Conducts impulse to right ventricleConducts impulse to right ventricle
�� Long, thin, and more fragile than the leftLong, thin, and more fragile than the left
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Structures of the Structures of the 
Intraventricular Conduction SystemIntraventricular Conduction System
�� Left bundle branchLeft bundle branch

�� Begins as a single structure that is short and thick Begins as a single structure that is short and thick 
(left common bundle branch or mainstem)(left common bundle branch or mainstem)

�� Divides into three divisions (fascicles)Divides into three divisions (fascicles)
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Left Bundle BranchLeft Bundle Branch
�� Anterior fascicleAnterior fascicle

�� Spreads impulse to anterior and Spreads impulse to anterior and 
lateral walls of left ventriclelateral walls of left ventricle

�� ThinThin
�� Vulnerable to disruptions in Vulnerable to disruptions in 

impulse transmissionimpulse transmission

�� Posterior fasciclePosterior fascicle
�� Relays impulse to posterior Relays impulse to posterior 

(inferior) portions of left ventricle(inferior) portions of left ventricle

�� Septal fascicleSeptal fascicle
�� Relays impulse to midseptumRelays impulse to midseptum
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Blood Supply to the Blood Supply to the 
Intraventricular Conduction SystemIntraventricular Conduction System

�� Bundle of HisBundle of His
�� Dual blood supplyDual blood supply

•• Left anterior and posterior descending arteriesLeft anterior and posterior descending arteries

�� Less vulnerable to ischemic damageLess vulnerable to ischemic damage

�� Left anterior descending artery supplies:Left anterior descending artery supplies:
�� Right bundle branchRight bundle branch
�� Anterior division of left bundle branchAnterior division of left bundle branch



08/30/2010

30

Copyright © 2006 by Mosby Inc.  All rights reserved.

Bundle Branch Activation Bundle Branch Activation 

�� Normally, left side of the interventricular Normally, left side of the interventricular 
septum is stimulated firstseptum is stimulated first

�� Electrical impulse then crosses the septum to Electrical impulse then crosses the septum to 
stimulate the right sidestimulate the right side

�� Left and right ventricles are then depolarized Left and right ventricles are then depolarized 
simultaneouslysimultaneously
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Bundle Branch Activation Bundle Branch Activation 

�� If a delay or block occurs in one of the bundle If a delay or block occurs in one of the bundle 
branches, the ventricles will be depolarized branches, the ventricles will be depolarized 
asynchronouslyasynchronously
�� Impulse travels first down the unblocked branchImpulse travels first down the unblocked branch
�� Stimulates that ventricleStimulates that ventricle
�� Impulse must then travel from cell to cell through Impulse must then travel from cell to cell through 

myocardium to stimulate other ventriclemyocardium to stimulate other ventricle
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Recognizing Bundle Branch BlockRecognizing Bundle Branch Block

�� Criteria for bundle branch block recognitionCriteria for bundle branch block recognition
�� QRS duration of QRS duration of >>120 ms (if a complete BBB)120 ms (if a complete BBB)
�� QRS complexes produced by supraventricular QRS complexes produced by supraventricular 

activity (i.e., the QRS complex is not a paced beat activity (i.e., the QRS complex is not a paced beat 
nor did it originate in the ventricles)nor did it originate in the ventricles)
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Recognizing Bundle Branch BlockRecognizing Bundle Branch Block

�� Measure the QRS complex duration. Do not Measure the QRS complex duration. Do not 
trust only your eyestrust only your eyes

�� When measuring for bundle branch block, When measuring for bundle branch block, 
select the widest QRS complex with a select the widest QRS complex with a 
discernible beginning and end discernible beginning and end 
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Recognizing Bundle Branch BlockRecognizing Bundle Branch Block

�� Criteria for BBB recognition may be found in Criteria for BBB recognition may be found in 
any leadany lead

�� Lead VLead V11 is probably the single best lead to is probably the single best lead to 
use when differentiating between forms of use when differentiating between forms of 
bundle branch blockbundle branch block
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Recognizing Bundle Branch BlockRecognizing Bundle Branch Block

�� A QRS measuring 100A QRS measuring 100--120 ms is called an 120 ms is called an 
incompleteincomplete right or left bundle branch block right or left bundle branch block 

�� A QRS measuring >120 ms is called a A QRS measuring >120 ms is called a 
completecomplete right or left bundle branch block right or left bundle branch block 

�� If the QRS is wide but there is no BBB pattern, If the QRS is wide but there is no BBB pattern, 
the term wide QRS or intraventricular the term wide QRS or intraventricular 
conduction delay is used to describe the QRSconduction delay is used to describe the QRS
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Differentiating RBBB from LBBBDifferentiating RBBB from LBBB

�� Whenever the two criteria for BBB have been Whenever the two criteria for BBB have been 
met, and Vmet, and V11 displays an RSRdisplays an RSR�� pattern, pattern, 
suspect RBBBsuspect RBBB
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Differentiating RBBB from LBBBDifferentiating RBBB from LBBB

�� When BBB is known to exist and a QS When BBB is known to exist and a QS 
pattern is seen in Vpattern is seen in V11, suspect LBBB , suspect LBBB 
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An Easier WayAn Easier Way
�� View lead VView lead V11 or MCLor MCL11

�� Move from JMove from J--point back point back 
into QRS complex into QRS complex 

�� Determine if terminal Determine if terminal 
portion (last 0.04 sec) of portion (last 0.04 sec) of 
QRS complex is positive or QRS complex is positive or 
negativenegative

�� Positive = RBBBPositive = RBBB

�� Negative = LBBBNegative = LBBB
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Turn Signal TheoryTurn Signal Theory

�� Right is upRight is up

�� Left is downLeft is down
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ExceptionsExceptions

�� Junctional rhythmsJunctional rhythms

�� WolfWolf--ParkinsonParkinson--White (WPW) syndromeWhite (WPW) syndrome

�� HyperkalemiaHyperkalemia
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ExceptionsExceptions

�� Nonspecific intraventricular conduction delay Nonspecific intraventricular conduction delay 
(NSIVCD)(NSIVCD)
�� Do not display the typical VDo not display the typical V11 morphologies morphologies 

generally produced by BBBgenerally produced by BBB
�� Origin may not be due to a complete BBBOrigin may not be due to a complete BBB
�� Atypical patterns of BBB can be attributed to Atypical patterns of BBB can be attributed to 

NSIVCDNSIVCD
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Chamber EnlargementChamber Enlargement

�� Enlargement of the atrial and/or ventricular Enlargement of the atrial and/or ventricular 
chambers of the heart may occur if there is a chambers of the heart may occur if there is a 
volume or pressure overload in the heartvolume or pressure overload in the heart
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TermsTerms
�� Dilatation is an increase in the diameter of a Dilatation is an increase in the diameter of a 

chamber of the heart due to volume overloadchamber of the heart due to volume overload
�� May be acute or chronicMay be acute or chronic

�� Hypertrophy is an increase in the thickness of a Hypertrophy is an increase in the thickness of a 
heart chamber due to chronic pressure overloadheart chamber due to chronic pressure overload

�� EnlargementEnlargement
�� Implies the presence of dilation, hypertrophy, or bothImplies the presence of dilation, hypertrophy, or both
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CalibrationCalibration
�� Vertical axis of ECG graph paper represents Vertical axis of ECG graph paper represents 

voltage or amplitudevoltage or amplitude
�� Size or amplitude of a waveform is measured in Size or amplitude of a waveform is measured in 

millivolts or millimetersmillivolts or millimeters
�� Machine sensitivity must be calibrated so that a 1Machine sensitivity must be calibrated so that a 1--

mV electrical signal will produce a deflection mV electrical signal will produce a deflection 
measuring exactly 10 mm tallmeasuring exactly 10 mm tall
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Atrial EnlargementAtrial Enlargement

�� First half of P wave reflects stimulation of the right First half of P wave reflects stimulation of the right 
atriumatrium

�� Downslope of P wave reflects stimulation of the left Downslope of P wave reflects stimulation of the left 
atriumatrium

�� Normal P waveNormal P wave
�� Smooth and roundedSmooth and rounded
�� No more than 2.5 mm in heightNo more than 2.5 mm in height
�� No more than 0.11 sec in duration (width)No more than 0.11 sec in duration (width)
�� Positive in leads I, II, aVF, and VPositive in leads I, II, aVF, and V44--VV66
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Right Atrial Enlargement (RAE)Right Atrial Enlargement (RAE)
�� Enlargement of right atrium produces an abnormally Enlargement of right atrium produces an abnormally 

tall initial part of P wavetall initial part of P wave
�� P pulmonaleP pulmonale

�� Usually caused by conditions that increase the work Usually caused by conditions that increase the work 
of the right atriumof the right atrium
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Left Atrial Enlargement (LAE)Left Atrial Enlargement (LAE)
�� Latter part of the P wave is widenedLatter part of the P wave is widened

�� Takes longer to depolarize an enlarged muscleTakes longer to depolarize an enlarged muscle

�� > 0.11 sec in duration> 0.11 sec in duration

�� Often notched in leads I, II, aVL, and VOften notched in leads I, II, aVL, and V44, V, V55, V, V66

�� Occurs because of conditions that increase left atrial Occurs because of conditions that increase left atrial 
pressure, volume overload, or both pressure, volume overload, or both 

�� P mitraleP mitrale
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Left Atrial Enlargement (LAE)Left Atrial Enlargement (LAE)
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Ventricular EnlargementVentricular Enlargement

�� Ventricular muscle thickens (hypertrophies) Ventricular muscle thickens (hypertrophies) 
when it sustains a persistent pressure when it sustains a persistent pressure 
overloadoverload

�� Dilatation occurs because of persistent Dilatation occurs because of persistent 
volume overloadvolume overload
�� The two often go hand in handThe two often go hand in hand
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Ventricular EnlargementVentricular Enlargement

�� Hypertrophy increases the QRS amplitude Hypertrophy increases the QRS amplitude 
and is often associated with STand is often associated with ST--segment segment 
depression and asymmetrical T wave depression and asymmetrical T wave 
inversioninversion
�� STST--segment depression and T wave inversion segment depression and T wave inversion 

pattern is called ventricular strain or secondary pattern is called ventricular strain or secondary 
repolarization changesrepolarization changes
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Right Ventricular EnlargementRight Ventricular Enlargement

�� For evidence of right ventricular enlargement For evidence of right ventricular enlargement 
to be evident on the ECG, it must become to be evident on the ECG, it must become 
very enlargedvery enlarged

�� Right axis deviation is one of the earliest and Right axis deviation is one of the earliest and 
most reliable findingsmost reliable findings

�� Normal RNormal R--wave progression is reversed in the wave progression is reversed in the 
chest leadschest leads
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Right Ventricular EnlargementRight Ventricular Enlargement
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Left Ventricular EnlargementLeft Ventricular Enlargement

�� Recognition of left ventricular hypertrophy Recognition of left ventricular hypertrophy 
(LVH) on the ECG is not always obvious(LVH) on the ECG is not always obvious
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Left Ventricular EnlargementLeft Ventricular Enlargement

�� ECG signs include:ECG signs include:
�� Deeper than normal S waves and small R waves Deeper than normal S waves and small R waves 

in Vin V11 and Vand V22

�� Taller than normal R waves and small S waves in Taller than normal R waves and small S waves in 
VV55 and Vand V66

�� If S wave amplitude in lead VIf S wave amplitude in lead V11 added to R wave added to R wave 
amplitude in Vamplitude in V55 is is >> 35 mV, suspect LVH35 mV, suspect LVH
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Left Ventricular EnlargementLeft Ventricular Enlargement

Copyright © 2006 by Mosby Inc.  All rights reserved.

ECG Changes ECG Changes 
Associated with Associated with 

Electrolyte DisturbancesElectrolyte Disturbances
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SodiumSodium

�� Hypernatremia and hyponatremia do not Hypernatremia and hyponatremia do not 
cause any significant changes on the ECGcause any significant changes on the ECG
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HyperkalemiaHyperkalemia

�� ECG changesECG changes
�� Tall, peaked (tented) T wavesTall, peaked (tented) T waves
�� Widened QRS complexesWidened QRS complexes
�� Prolonged PR intervalsProlonged PR intervals
�� Flattened STFlattened ST--segmentssegments
�� Flattened or absent P wavesFlattened or absent P waves

�� May lead to ventricular dysrhythmias and May lead to ventricular dysrhythmias and 
asystole if not reversedasystole if not reversed
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HypokalemiaHypokalemia

�� ECG changesECG changes
�� Depressed STDepressed ST--segmentsegment
�� Flattened T waveFlattened T wave
�� Prominent U wave Prominent U wave 

�� May increase sensitivity to digitalis toxicityMay increase sensitivity to digitalis toxicity
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PotassiumPotassium——ECG ChangesECG Changes
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HypercalcemiaHypercalcemia

�� ECG changesECG changes
�� Prolonged PR intervalProlonged PR interval
�� Prolonged QRS complexProlonged QRS complex
�� Shortened QT intervalShortened QT interval
�� Due to shortening of STDue to shortening of ST--segmentsegment
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HypocalcemiaHypocalcemia

�� ECG changesECG changes
�� Long, flattened STLong, flattened ST--segmentsegment
�� Prolonged QT interval Prolonged QT interval 
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HypermagnesemiaHypermagnesemia

�� ECG changesECG changes
�� Prolonged PR intervalProlonged PR interval
�� Prolonged QRS complexProlonged QRS complex
�� Elevated T wave Elevated T wave 
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HypomagnesemiaHypomagnesemia

�� ECG changesECG changes
�� Diminished voltage of P waves and QRS Diminished voltage of P waves and QRS 

complexescomplexes
�� Flattened T wavesFlattened T waves
�� Slightly widened QRS complexesSlightly widened QRS complexes
�� Prominent U wavesProminent U waves
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Analyzing the 12Analyzing the 12--Lead ECGLead ECG

�� Quality of tracingQuality of tracing

�� Rate and rhythm: atrial and ventricularRate and rhythm: atrial and ventricular

�� Intervals: PR interval, QRS duration, QT Intervals: PR interval, QRS duration, QT 
intervalinterval

�� Waveforms: P waves, Q waves, R waves Waveforms: P waves, Q waves, R waves 
(progression), T waves, U waves(progression), T waves, U waves
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Analyzing the 12Analyzing the 12--Lead ECGLead ECG

�� STST--segment: elevation, depressionsegment: elevation, depression

�� Determine axisDetermine axis

�� Look for evidence of hypertrophy/chamber Look for evidence of hypertrophy/chamber 
enlargementenlargement

�� Look for effects of medications and electrolyte Look for effects of medications and electrolyte 
imbalancesimbalances

�� Interpret your findingsInterpret your findings
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Questions?Questions?


