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Content Description



This session will cover how to identify bundle branch block and ventricular hypertrophy on a 12 lead ECG. The session will end with ECG case studies of bundle branch blocks and ventricular hypertrophy.



Learning Objectives

At the end of this session, the participant will be able to:

	

1. Identify a right bundle branch block on a 12 lead ECG



2. Describe one method to idetify left ventricular hypertrophy on a 12 lead ECG



3.  List two causes of left ventricular hypertrophy





Summary of Key Points/Outline



BUNDLE BRANCH BLOCK 

 





I. Introduction

A. In either BBB, electrical conduction travels down

only 1 of the bundles, stimulates the intended 

ventricle and then cell-to-cell-to-cell, passes the 

electrical impulse to the other ventricle causing a 

wider than normal QRS complex (< 0.12 sec)







II. Anatomy of the Conduction System











III. Right Bundle Branch Block (RBBB)



A. Sequence of ventricular activation in RBBB
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B. ECG criteria for RBBB#2S



1. V1

i. • rsR’ (M shaped pattern)

ii. • QRS duration > 0.12 seconds

iii. • T wave inversion
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2. V6

i. • wide S wave

ii. • QRS duration > 0.12 seconds

iii. • Upright T wave











C. Causes of RBBB

1. Normal variant

2. Rate related

3. Coronary heart disease 

4. Ventricular hypertrophy

5. Aberrant conduction

6. Congenital heart disease

7. Acute dilation of the right ventricle

8. Myocardial infarction

9. Degenerative disease of the conduction system









IV. Left Bundle Branch Block (LBBB)



A. Sequence of ventricular activation in LBBB















B. ECG criteria for LBBB

1. V6

1. • loss of normal septal q wave

2. • QRS duration > 0.12 seconds

3. • tall notched or slurred R wave (M pattern)

4. • T wave inversion





















2. V1

1. • loss of normal septal r wave (either a small r wave followed by a deep S wave or a deep Q wave)

2. • QRS duration > 0.12 seconds

3. • Upright T wave



































C. Causes of LBBB

1. myocardial infarction or ischemia

2. CHF

3. quinidine therapy (not used much today)

4. Occasionally seen in normal individuals

5. Hypertension

6. Degenerative disease of the conduction system

7. Cardiomyopathies

8. Severe aortic stenosis











RIGHT BUNDLE BRANCH BLOCK 



(RBBB)























LEFT BUNDLE BRANCH BLOCK



(LBBB)





































VENTRICULAR HYPERTROPHY 





I.  Definition = hypertrophy refers to an increase in the muscular wall thickness or an increase in the chamber size.



II. Causes of ventricular hypertrophy



a. Pressure overload



i. Occurs when myocardial fibers generate increased systolic force or tension (as in aortic stenosis or hypertension

ii. This causes concentric hypertrophy where the ventricular wall thickens in relation to the ventricular cavity





b. Volume overload



i. Occurs when there is an increased end diastolic wall stress



ii. Causes eccentric hypertrophy where the left ventricular wall thickness remains normal relative to the increase in the radius of the left ventricle (chamber dilatation)



                 

c. Terminology

i. Hypertrophy – increase in thickness of LV due to chronic pressure overload

ii. Dilation – increase in the diameter of the LV due to volume overload

iii. Ventricular enlargement – implies presence of hypertrophy, dilation or both











Ventricular Hypertrophy
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LEFT VENTRICULAR HYPERTROPY WITH SECONDARY REPOLARIZATION CHANGES











HOW TO SYSTEMATICALLY EXAMINE A 12 LEAD ECG





1. Identify the rate and rhythm



2. Identify the axis 



		Lead I and avF (+)  ---  normal axis 	

		Lead I (+) and avF (-)  ---- left axis



		Lead I and avF (-)   --- “no mand’s land” axis

		Lead I (-) and avF (+)  ---- right axis







3. Look for evidence of bundle branch block (widened QRS duration of > 0.12 sec)



4. Look for evidence of hypertrophy (there are many ways to identify LVH)



5. Look for “R wave progression” through the V leads



6. Group leads to look for myocardial ischemia, injury and infarction



a. Inferior (II, III, avF)



b. Anterior--septal  (V1 - V4)



c. Lateral (I, avL, V5, V6)



d. Posterior (V1, V2: reciprocal changes)



i. • Look for ST elevation / depressionIn at least 2 contiguous leads





ii. • Look for T wave inversion/flattening



iii. • Look for the presence of pathologic Q waves
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12-LEAD ECG: INTRODUCTION AND AXIS

Rose Shaffer, RN, MSN, ACNP-CS, CCRN


Cardiology Nurse Practitioner


Thomas Jefferson University Hospital 


Philadelphia, PA


Content Description

This session will cover the basics of how to examine a normal 12-lead ECG. A systematic approach to interpreting 12-lead ECGs will be covered. Included in the discussion will be a review of how each lead looks on a normal 12-lead and a review of normal ventricular depolarization. The session will also include how to identify axis on a 12 lead ECG. 12-lead ECG examples will be presented,

Learning Objectives


At the end of this session, the participant will be able to:


1. Identify Q-waves on a 12-lead ECG 

2. Name the three leads that look at the inferior wall of the heart


3. Determine axis when given a 12-lead ECG




Summary of Key Points/Outline

I. The Normal 12 Lead ECG


A. Normal Waveforms/Segments/Intervals




1. P wave - small rounded upright wave (atrial depolarization)


2. Q wave - first negative deflection after a P wave or atrial activity


3. R wave - first positive deflection after a P wave or atrial activity


4. S wave - first negative deflection after an R wave






5. P-R interval - measured from the beginning of the P wave to the appearance of the next wave (Q wave or R wave)


6. T wave - rounded upright wave (taller and broader than P wave) 


7. S-T segment - segment between the last wave of the QRS complex to the beginning of the T wave (should always be isoelectric [flat])






8. Q-T interval - interval between the first wave in the QRS complex and the end of the T wave [prolongation of this interval can precipitate Torsade de Pointe]


i. Many meds can cause QT prolongation (www.qtdrugs.org)


ii. QT shortens with tachycardia and lengthens with bradycardia


iii. The formula to correct the measured QT (QTm) for heart rate, called the corrected QT (QTc) is:  

II. Determinants of Deflection


A. The major deflection of ventricular activation is downward and to the left




B. In electrocardiography, the POSITIVE electrode “sees” the electrical activity of the heart


1. When current flows TOWARD the (+) electrode, an upward (positive) deflection is recorded on the ECG paper




2. When current flows AWAY from the  (+) electrode, a downward (negative) 


deflection is recorded on the ECG paper




3. When current flows PERPENDICULAR to the (+) electrode, a biphasic  


deflection [slightly positive and slightly negative] is recorded on the ECG 



paper




**Purpose of a 12 lead ECG: Diagnostic tool that records electrical currents moving through the heart from 12 different views**


III. Leads - leads consist of two electrodes of opposite polarity (+ and -), referred to as bipolar leads (standard limb leads), OR of one electrode (+), referred to as unipolar leads (augmented limb leads and precordial [chest or V] leads)


A. Limb leads


1. Standard leads (bipolar leads)


a. Lead I = (-) electrode R arm and (+) electrode L arm





























































b. Lead II = (-) electrode R arm and (+) electrode L leg

















c. Lead III = (-) electrode L arm and (+) electrode L leg
















2. Augmented leads (unipolar leads)


a. Lead aVR = (+) electrode on R arm






b. Lead aVL = (+) electrode on L arm








c. Lead aVF = (+) electrode on L leg
















Inferior Leads (II, III, aVF)






Lateral Leads 
(I, aVL)














B. V leads [precordial leads or chest leads] (unipolar leads)


V1 = 4th intercostal space, right of the sternum


V2 = 4th intercostal space, left of the sternum


V3 = half-way between V2 and V4


V4 = 5th intercostal space, left midclavicular line


V5 = 5th intercostal space, left anterior axillary line


V6 = 5th intercostal space, left midaxillary line









  
Anteroseptal Leads (V1 to V4)


Lateral Leads (V5 and V6)


IV. Ventricular depolarization 




A. Stage 1 =  septal depolarization 


B. Stage 2 = ventricular wall depolarization


C. R wave progression in the V leads




Determining Axis on the 12 Lead ECG

I. Definitions


A. Vector - a singlewave of electrical depolarization or a single electrical current 

B. Axis - the sum of all of the vectors is the mean vector (the mean wave of depolarization) or the electrical axis of the heart


1. The “normal” axis of the heart is DOWNWARD and to the LEFT



II. Determination of Axis on a 12 Lead ECG


A. Hexaxial Reference Wheel 


1. The hexaxial wheel is drawn by shifting the axes of the 6 limb leads so that they all pass through the central point of the heart’s electrical field. There are 30-degree increments between each point.






2. The normal axis is actually between 0 degrees and + 90 degrees

B. Quadrant Method


1. The axes of lead I and lead aVF divide the chest into 4 quadrants, each which refers to an axis. The quadrants are as follows: 


• normal axis



• right axis


• left axis



• northwest axis (no man’s land or indeterminate)






2. Look at the overall deflection of the QRS deflections in lead I and lead aVF, which will either be overall positive or negative


a. The positive side of lead I is to the RIGHT of the vertical line and the negative side of lead I is to the LEFT of the vertical line


b. The positive side of lead aVF is to the BOTTOM of the horizontal line and the negative side of lead aVF is to the TOP of the horizontal line


c. Where both leads “share the quadrant” or where the two intersect, is the axis of the heart



C. Examples using the Quadrant Method to Determine Axis


1. NORMAL AXIS

· If the QRS in lead I is a positive deflection, look to the right of the vertical line


· If the QRS in lead aVF is a positive deflection, look to the bottom of the horizontal line


· Both leads “share” the RIGHT LOWER quadrant, therefore the axis is normal






2. LEFT AXIS DEVIATION

· If the QRS in lead I is a positive deflection, look to the right of the vertical line


· If the QRS in lead aVF is a negative deflection, look to the top of the horizontal line


· Both leads “share” the RIGHT UPPER quadrant (facing the wheel), therefore the axis is left






3. RIGHT AXIS DEVIATION

· If the QRS in lead I is a negative deflection, look to the left of the vertical line


· If the QRS in lead aVF is a positive deflection, look to the bottom of the horizontal line


· Both leads “share” the LEFT LOWER quadrant (facing the wheel), therefore the axis is right






4. INDETERMINATE AXIS

· If the QRS in lead I is a negative deflection, look to the left of the vertical line


· If the QRS in lead aVF is a negative deflection, look to the top of the horizontal line


· Both leads “share” the LEFT UPPER quadrant (facing the wheel), therefore the axis is indeterminate






III. Causes of Axis Deviation



A. Left Axis Deviation




1. Normal variant




2. Left bundle branch block




3. Left anterior hemiblock




4. Inferior wall MI




5. Conditions causing a high diaphragm (pregnancy, ascites, abdominal tumors)




6. Severe pulmonary disease




7. Left ventricular hypertrophy




8. Cardiomyopathies




9. Aberrant ventricular conduction



B. Right Axis Deviation




1. Normal variant




2. Right bundle branch block




3. Left posterior hemiblock




4. Anterolateral MI




5. Right ventricular hypertrophy




6. Severe pulmonary disease




7. Aberrant ventricular conduction




8. Reversal of right and left arm leads
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How to systematically examine a 12 lead ECG


1. Identify the rate and rhythm

2. Identify axis


		Lead I and avF (+)  ---  normal axis 


		Lead I (+) and avF (-)  ---- left axis



		Lead I and avF (-)   --- “no mand’s land” axis

		Lead I (-) and avF (+)  ---- right axis





3. Group leads:




a. Inferior leads (II, III, avF)




b. Anterior-septal leads (V1 - V4)




c. Lateral leads (I, avL, V5, V6)




d. Posterior leads (V1, V2: look for reciprocal changes)



and LOOK for:




· ST elevation / depression


· T wave inversion/flattening


· The presence of pathologic Q waves


· “R wave progression” through the V leads


Variations of QRS Complexes 





ST Segment Variations





Einthoven’s Triangle





Putting it all Together





Putting it all Together





F (+)





In at least 2 contiguous leads









12-LEAD ECG: WIDE COMPLEX TACHYCARDIAS
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Content Description

This session will focus on the differentiation of wide complex tachycardias (ventricular tachycardia from supraventricular tachycardia with aberration). Although differentiating wide complex tachycardias is always a challenge, there are criteria to help determine a bedside diagnosis. This session will discuss problems with misdiagnosis, identify appropriate lead selection, and review ECG criteria to differentiate wide complex tachycardias. 12 lead ECG’s with wide complex tachycardias will be reviewed.


Learning Objectives

At the end of this session, the participant will be able to:

1. State two causes of wide complex tachycardia.


2. Identify the best lead(s) to monitor for wide complex tachycardia.


3. List two ECG criteria to assist with differential diagnosis of wide complex tachycardia.


Summary of Key Points/Outline

I. Introduction


a. Causes of wide complex QRS complex tachycardia


1. Ventricular tachycardia (VT)


2. Supraventricular tachycardia (SVT) with aberration (bundle branch block [BBB])


3. Ventricular pacing


4. Antegrade conduction over an accessory pathway (i.e. atrial fibrillation or SVT in a patient with Wolff-Parkinson-White syndrome)


b. Problems with misdiagnosis


1. In the presence of underlying heart disease, the prognosis of a patient with ventricular tachycardia is worse than the prognosis of a patient with supraventricular tachycardia


2. Delay in appropriate treatment or inappropriate treatment


3. It is a common mistake to consider the diagnosis of VT unlikely when the dysrhythmia is hemodynamically well tolerated 


II. Aberration


a. Definition 


1. Straying from the right way or wandering


2. Temporary abnormal ventricular conduction of beats originating above the ventricles


b. Refractoriness - ability of a cardiac cell to accept another electrical stimulus


1.  “Normally” conducted APC (the bundle branches are NOT refractory)


2. Blocked APC (the bundle branches are completely refractory)


3. Aberrantly conducted APC (the bundle branches are partially refractory)


III. Best lead for monitoring for wide complex tachycardias


a. V1 or MCL1


b. V6 or MCL6


IV. Electrocardiographic diagnosis of wide complex tachycardias


a. ATRIOVENTRICULAR DISSOCIATION (A-V DISSOCIATION)


i. Observation of A-V dissociation during wide complex tachycardia strongly favors VT


ii. NOTE:  Failure to observe A-V dissociation DOES NOT automatically mean SVT with aberration 


iii. A-V dissociation may not be easy to identify on the surface ECG, so use other cues


1. Look for ventricular capture beats or fusion beats


a. Capture beats - occurs when an impulse from a supraventricular focus stimulates the ventricles through the normal conduction pathway during an episode of wide complex tachycardia (favors VT)




b. Fusion beats - occurs when a supraventricular impulse meets a ventricular impulse, that combine to form a beat with a morphology (shape) similar to the two different foci (favors VT)








2. Obtain an atrial electrogram if the patient had epicardial wires 


3. Observe for physical signs of A-V dissociation


a. Cannon-alpha waves in the neck


b. Changing intensity of S1


c. Beat to beat changes in systolic blood pressure

b. QRS WIDTH


i. QRS width greater than 0.14 seconds (140 ms) strongly favors the diagnosis of VT 


1. NOTE: (the QRS width should be measured in several leads, if possible, as it is often difficult to precisely determine the beginning and end of the QRS complex)


ii. Wellens et al research on QRS width


1. All cases of SVT with aberrant conduction had a QRS width of less than 0.14 seconds


2. 59% of cases with VT had a QRS width of greater than 0.14 seconds


iii. Be careful using this criterion if the patient has:


1. Pre-existing bundle branch block


2. An accessory pathway with antegrade conduction over the pathway


3.  Digoxin toxicity

c. QRS AXIS


i. An axis in the “northwest” quadrant (also referred to as “no man’s land”) between - 90o to + 180o is strongly indicative of VT


ii. Left axis deviation


1. A left axis deviation is often found with VT when the QRS is mainly positive in V1 


2. A left axis deviation is of no prognostic value when the QRS is mainly negative in V1


iii. A normal axis and a right axis deviation are more common with SVT with aberration


d. QRS MORPHOLOGY IN V1 AND V6

i. Because right and left bundle branch blocks are diagnosed using V1 and V6, aberrant conduction during SVT is also diagnosed using V1 and V6


ii. Wide complex tachycardias are divided into two groups 


1. Those that are primarily positive in V1 (the overall deflection)


2. Those that are primarily negative in V1 (the overall deflection)


NOTE: the terms are used to determine the predominant shape of the wide bizarre QRS in V1


iii. Differentiation of VT from SVT when the QRS is mainly positive in V1



Monophasic R wave in V1



Triphasic rSR’ in V1


Biphasic R wave in V1



or


“Rabbit ears” in V1 (L > R)



qRs in V1


R/S ratio < 1 in V6




VT





SVT with aberration




iv. Differentiation of VT from SVT when the QRS is mainly negative in V1

R wave > 40 ms (.04 seconds) 


Narrow R wave in V1 or V2


in V1 or V2 






Notched or slurred




Swift clean downstroke 


downstroke of S wave 



of S wave in V1 or V2


and/or a distance 


of > 60 ms (.06 seconds) 


to the nadir of the S wave




Any Q in V6







VT





SVT with aberration
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Fusion beat





Capture beats





0. 06 sec.











	  
	  


41	  yo	  M	  pre-‐op	  urologic	  surgery	  
	  
	  







	  
	  


72	  yo	  F	  (next	  3	  ECGs)	  
	  
	  







	  
	  
	  
	  


Baseline	  ECG	  15	  months	  before	  admission	  
	  
	  







	  
	  


ECG	  when	  pain	  free	  
	  
	  
	   	  







	  
	  
	  


70	  yo	  M	  went	  to	  PCP	  for	  routine	  visit	  
	  
	  


	  
	  
	  
	  


	  
	  







	  
	  


54	  yo	  	  c/o	  SOB	  and	  tired	  for	  2	  weeks	  
	  
	  
	  


	  
	  
	  
	  
	  
	  







	  
	  
	  


What	  type	  of	  MI	  do	  you	  see?	  
	  


	  
	  


	  
	  
	  
	  
	  







	  
	  
	  
	  
	  
	  
	  


What	  type	  of	  MI	  do	  you	  see?	  
	  


	  


	  
	  







	  
	  


What’s	  wrong	  with	  the	  TOP	  ECG?	  


	  
	  


	  







	  
	  
	  


	  
	  
	  


	  







	  
	  


	  
	  


	  
	  


	  







	  
	  


	  
	  
	  
	  







57	  yo	  M	  with	  chest	  discomfort	  
	  


	  
	  
	  
	  


57	  yo	  M	  (baseline	  ECG)	  
	  


	  







	  
	  
	  
	  
	  
	  
	  


	  


Name	  the	  rhythm	  and	  what	  is	  going	  on	  with	  the	  ECG?	  
	  
	  


	  






12-LEAD ECG: MYOCARDIAL ISCHEMIA, INJURY AND INFARCTION 
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Content Description



This session will cover the difference between myocardial ischemia, injury and infarction. The ECG criteria of ischemia, injury and infraction will be reviewed and case studies using 12-lead ECGs with ischemia, injury and infarction will be presented.





Learning Objectives

At the end of this session, the participant will be able to:



1. Identify an anterior injury pattern on a 12-lead ECG



2. Describe the differences between an ST elevation and non-ST elevation myocardial infarction



3. Identify inferior ischemia on a 12-lead ECG





Summary of Key Points/Outline

I. Introduction



A. Surfaces of the myocardium



























B. Areas of ischemia/infarction, the leads used to localize ischemia/infarction and the probable coronary artery involved



		Area of MI/Ischemia

		Leads to Examine

		Coronary Artery Involved



		

		

		



		Anterior

		Leads V1 to V4

		Left Anterior Descending (LAD)



		Septal

		Leads V1 and V2

		LAD



		

		

		



		Inferior

		Leads II, III, aVF

		Right Coronary Artery (RCA)



		

		

		



		Lateral

		Leads I, aVL,V5, V6

		Left Circumflex (L Cx)



		

		

		



		Posterior 

		Leads V1 and V2 (mirror image changes)

		Posterior Descending Artery (PDA)



		

		

		



		Right Ventricular Infarcition

		V1R to V6R

		Right Coronary Artery







II. Evolutionary Changes Resulting from Myocardial Hypoxia



A. Ischemia - least acute phase of tissue hypoxia resulting in decreased blood flow to the myocardium, often reversible with increased blood supply



1. ECG manifestations of ischemia = ST segment depression and T wave flattening or inversion in the leads directly facing the area of involvement



B. Injury - there is severe anoxia to the myocardium and necrosis of tissue will occur if    the ischemic event is not reversed



1. ECG manifestation of injury = ST segment elevation in the leads directly facing the area of involvement. 



A. ST segment elevation is determined by the J point, where the ST segment takes off from the QRS complex



C. Infarction - there is irreversible cell death to the myocardium



1. ECG manifestation of infarction = pathologic Q waves in the leads directly facing the area of involvement



2. Pathologic Q waves are defined as an increase in the duration and depth of normal Q waves or the appearance of “new” Q waves not seen on previous ECG’s



1. Q waves must be 1/3rd the height of the R wave in the same lead

2. Q waves must measure 0.04 seconds or greater in width





























III. Terminology



A. ST segment elevation MI [STEMI] vs. Non ST elevation MI [NSTEMI] is newest terminology



a. NSTEMI = 	Patients experience ST segment depression and/or T wave changes only (and have positive biomarkers)

		

· Patients NEVER develop the pathologic Q wave

· Patients still develop a rise in the cardiac enzymes



B. Q wave vs. Non Q wave MI is old terminology

C. Transmural vs. Subendocardial is oldest terminology





IV. Criteria for Determining the Relative Age of an STEMI

A. Hyperacute phase = marked peaking of the T wave (tall and narrow), within a few hours, the T wave inverts





B. Acute = ST segment elevation and T wave inversion (ST segment elevation may last hours to a few days) Beginning of pathologic Q wave formation





C.  Subacute = T wave inversion (T wave inversion may last for months to years)

Pathologic Q wave fully developed





D. Old = pathologic Q wave remains, which lasts for the patient’s lifetime (only with STEMI)









V. Other Causes of T wave Inversion, ST segment Elevation and Q waves



A. Other causes of T wave inversion

1. May be normal variant

2. Following periods of abnormal depolarization (i.e. bundle branch blocks)

3. CVA

4. Acute pulmonary embolism



B. Other causes of ST segment elevation

1. Prinzmetals angina

2. Acute pulmonary embolism

3. Pericarditis

4. Ventricular aneurysm



C. Other causes of Q wave development

1. May be normal variant

2. Acute pulmonary embolism

3. Amyloidosis

4. Wolff-Parkinson-White Syndrome
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