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Reading ECGs

Parts of an ECG
Steps For Reading an ECG
Individual Leads
Axis

Conditions:


Rate and Rhythm Problems


Ischemia and Infarction

Blocks

Hypertrophy
Parts of an ECG

P wave:  atrial depolarization

PR segment:  pause at AV node, read from beginning of P wave to beginning of R wave

QRS complex:  q wave often not on ECG:  ventricular depolarization

ST segment:  initial phase of ventricular depolarization, normally flat

T wave:  ventricular repolarization

QT interval: QRS to end of T wave, represents systole; considered normal if it is less than ½ the R to R interval at normal rates.

Squares:  


vertical ( amplitude = voltage (10 mm = 1 mV)


horizontal ( rate:  
small squares= .04 s (1 mm wide and 1 mm high)






large squares = 5 small squares = .2 s

Steps For Reading an ECG

1. Identify rate: Count between R waves, count the # of heavy black lines (300, 150, 100, 75, 60, 50); secondly, the markers at the top of the 


tracing occur every 3 seconds.


normal sinus rhythm is 60-100; areas of automaticity:  atria 60-80, AV node 40-60, ventricles (His bundle, bundle branches) 20-40 

2. 
Identify P waves: if present and identical then normal sinus rhythm present

3.
Assess interval for rhythm (Q to Q) 

4.
Direction of QRS for axis

5.
Shape T wave and ST segment

Chest Leads:  horizontal plane; all positive as the patient’s back is negative, the center of all the axes is the AV node

· V1:  right chest 

P > 3mm high = RAE or P-pulmonale


P > 3 mm wide = LAE


QRS axis >90( and/or R>S in V1 = RVH

· V2:  right chest

· V3:  IV septum (R BB?)

· V4: IV septum (L BB?)

· V5:  left chest

· V6:  left chest


QRS is almost always + as the wave of depolarization moves toward this electrode

Limb leads/Bipolar leads:  frontal plane

· I  :  R arm - to L arm (0°)

· II :  R arm - to L leg + (+ 60°)

· III:  L arm – to L leg + ( +120°)

Unipolar leads (AV= augmented voltage) frontal plane

· AVF: both arms – to L leg + ( 90°)

· AVR:  L arm and leg – to R arm + (-150°)

· AVL: R arm and L leg – to L arm + (-30°)

Modified Electrode Placement:  use of trunk positions instead of arms and legs

 Axis:

Depolarization moving toward a positive electrode creates a positive QRS.  

Depolarization moving away from a positive electrode creates a negative QRS.  

Depolarization moving perpendicular to an electrode axis is isoelectric (equal magnitudes of upward and downward deflection)


Positive leads on inferior limbs are on the left foot and include II, III, AVF


Positive leads on the superior limbs are on the left arm and include I and AVL


Lead I:  normally (+);  (-) ( RAD


AVF:  normally (+); (-) ( vector 0 - +180(
Thus, (+) QRS in I and AVF signify a normal axis or a QRS between O( and +90( signifies a normal axis.


(+) I and (-) AVF ( LAD; (-) I and (+) AVR ( RAD; both (-) ( extreme RAD

	Isoelectic complex
	Vector
	Interpretation
	Vector
	Interpretation

	I
	-90(
	LAD
	-90(
	extreme RAD

	AVR
	-60(
	LAD
	+120(
	RAD

	II
	-30(
	LAD
	+150(
	RAD

	AVF
	0(
	LAD
	-180(, +180(
	extreme RAD, RAD

	
	
	
	
	

	AVF
	0(
	normal range
	
	

	III
	+30(
	normal range
	-150(
	extreme RAD

	AVL
	+60(
	normal range
	-120(
	extreme RAD

	I
	+90(
	normal range
	+90(
	RAD


Horizontal chest leads


V1 and V2 should be negative in a healthy individual as the anterior body is positive from this lead and the posterior is negative from this 



lead.  The LV is generally posterior compared to the rest of the heart so the mean QRS in V2 should be negative.


V3 and V4 are usually isoelectric.


V5 and V6 are usually positive.


Rotation of the isoelectric complex to V1 or V2 is a right rotation signifying RV hypertrophy or LV infarction.


Rotation of the isoelectric complex to V5 or V6 is left rotation signifying LV hypertrophy or RV infarction.

Rate and Rhythm Problems

· Normal Sinus Rhythm is indicated by SA node automaticity with P waves at 60-80 bpm and P waves are identical

· Sinus arrhythmia is a normal physiological variation, minimal increase in heart rate with inspiration due to sympathetic stimulation of the SA node.  Expiration causes parasympathetic inhibition of the SA node, decreasing heart rate.
· Automaticity foci occur at the SA node and in the atria (60-80 bpm), in the AV junction (AV node and Bundle of His, 40-60 bpm) and in the ventricles (20-40 bpm)
· Arrhythmias

1.  Wandering pacemaker activity occurs when an ectopic beat is initiated in the atria outside of the SA node causing variation in cycle length (irregular ventricular rhythm) and variations in P wave shape.  

2. Multifocal Atrial Tachycardia is essentially a wandering pacemaker with a rate over 100 bpm as three or more atrial foci are involved. (see Tachycardia below)

3. Escape Rhythm occurs when an automaticity focus is not suppressed and paces at its intrinsic rate.  A ventricular escape rhythm demonstrates enormous ventricular QRS complexes (a hallmark of intrinsic ventricular firing) ( see AV blocks below. 

 4. Escape Beats occur when an automaticity focus is temporarily not suppressed and emits one beat.  Ventricular foci are not subject to parasympathetic inhibition, although all foci above the ventricles are.  A burst of parasympathetic activity can result in a ventricular escape beat.
              5. Sinus arrest occurs when the SA node ceases pacing.  An atrial automaticity focus can then assume pacing.  If the atrial 

automaticity foci cannot resume pacing, then a junctional focus with overtake pacing and so on down the line…  A junctional focus can cause retrograde atrial depolarization demonstrated by inverted P waves immediately before, buried in, or after each QRS complex.

6. Premature Beats occur when an irritated focus fires spontaneously causing a single impulse and can occur in the atria, AV junction or ventricles.  In particular, Atrial and junction foci become irritated by:

· increased sympathetic stimulation:  ( epinephrine, caffeine, amphetamines, cocaine, other (1 agonists

· digitalis, ethanol, other toxins

· hyperthyroidism

· stretch



Ventricular foci become irritated by:

· low O2
· low K+
· organic pathology:  MVP, stretch, myocarditis…



7. Premature Atrial Beats (PAB) are signified by P’ wave that occurs earlier than the normally timed P wave.  P’ waves can be 

hidden in a T wave creating a T wave that is too tall compared to others in the same lead.   A PAB resets the SA node pacing and may or may not be followed by a QRS:  a PAB can also cause aberrant ventricular conduction producing a slightly wide QRS complex for that cycle.  An aberrant ventricular conduction occurs because one bundle branch depolarizes while the other is still refractory:  the two R waves resemble a widened R wave.


8. Non-conducted PAB’s occur because the AV node is refractory and is signified by an early P’ not followed by a QRS.

9. Atrial Bigeminy occurs when an irritated atrial automaticity focus regularly fires a PAB at the end of a normal cycle. 

10. Atrial Trigeminy occurs when this pattern a PAB regularly occurs every two normal cycles.  A QRS may or may not be created by the PAB in bi- and trigeminy.



11. Premature Junctional Beats (PJB), described above under escape beats, can also cause aberrant ventricular conduction.  With 



PJBs of any kind, always watch out for retrograde atrial depolarization (inverted P waves)



12. Junctional Bigeminy is demonstrated by a PJB after each normal cycle.



13. Junctional Trigeminy is demonstrated by a PJB after every two normal cycles.

14. Premature Ventricular Contractions (PVC)  produces a giant QRS (wide and high) on ECG.  PVC’s occur early in the cycle and are usually opposite in polarity of the normal QRS.  There is a pause after the PVC as the ventricle repolarizes.  A P wave may appear in the PVC.   Multiple PVC’s can occur:  if they are identical, then they are from the same focus; if they are different, then they are from different foci. Six or more PVC’s per minute is considered pathological.



15. Ventricular Bigeminy is demonstrated by a PVC after each normal cycle.



16. Ventricular Trigeminy is demonstrated by a PVC after every two normal cycles.



17. Ventricular Parasystole occurs when a single ventricular focus suffers from entrance block, losing overdrive suppression and is 

signified by a long series of normal cycles followed by a PVC and the interval between the PVC and normal cycle is inconsistent (compared to a x-geminy)



18. Barlow Syndrome:  MVP causing PVC’s



19. R on T phenomenon occurs when a PVC falls on a T wave which can result in a dangerous arrhythmia.  

· Tachycardia

150-250:  paroxysmal tachycardia

250-350:  flutter

350-450:  fibrillation

1. Paroxysmal tachycardia

2. Paroxysmal Atrial Tachycardia (PAT)  results from an irritated atrial focus, therefore having a P’ wave that differs from the normal SA node P wave. Normal QRS complexes follow.  PAT with AV block has more than one P’ for every QRS and is seen with digitalis toxicity.  With an atrial tachycardia you can massage the carotid sinus or have the pt. do a Valsalva to slow it down.  Atrial fibrillation causes ( CO  due to decreased ventricular filling can treat w/ cardioversion if s…

3. Paroxysmal Junctional Tachycardia (PJT)  results from an irritated junctional focus which can be demonstrated by retrograde atrial depolarization (inverted P’) before , within or after each QRS (see above).  AV Nodal Reentry Tachycardia (AVNRT)  results in a junctional rhythm without any P waves, resembling PJT.


4. Supraventricular Tachycardia occurs from combined PAT and PJT.  P’ waves can be buried within T waves.  

5. Paroxysmal Ventricular Tachycardia (PVT) is signified by three or more PVC’s in rapid succession.  If VT lasts longer than 30 seconds, it is termed sustained VT.  During VT, the SA node continues sinus pacing and can still cause the ventricles to depolarize if they are not refractory causing a normal QRS (capture beat).  

6. The QRS complex in SVT is generally < .14 s.  In VT, the QRS is generally > .14s.

7. Torsades de Pointes is a very rapid ventricular rhythm caused by low potassium (from various causes) resulting in a lengthened Q T segment and a variable rate between 250-350 bpm.  The outline of the ECG looks like a sine wave (“twisting off points”)


8. Flutter

A. Atrial Flutter results from an irritated atrial foci resulting in successive, identical P waves having a saw-tooth appearance.  AF can have frequent QRS complexes.  Inverting the tracing or having the patient perform a vagal maneuver brings out the P waves.  AF does not necessarily affect CO, although uncoordinated filling of ventricle can occur.  Look for valve disease due to predisposition toward valvular vegetations ( emboli



B. Ventricular Flutter results from a single irritated ventricular foci forming a rapid series of smooth, nearly sine waves.  

9. Fibrillation results from rapid, continuous firing from numerous automaticity foci

A. Atrial fibrillation is caused by continuous rapid firing of multiple atrial automaticity foci with entrance block.  However, no single 

impulse completely depolarizes the atria resulting in uncoordinated, frequent p wave wannabe’s signified by a wavy baseline. The AV node is only occasionally depolarized, due to the entrance block creating irregular ventricular rhythm signified by irregular QRS complexes.



B. Ventricular Fibrillation  is demonstrated by irregular waves without P waves that can be jagged. 

Wolf-Parkinson-White Syndrome  results from an accessory AV conduction pathway (Bundle of Kent) which bypasses the AV node causing premature depolarization of a part of the ventricles.  WPWS is signified by a delta wave, an upsloping from the end of the P wave to the top of the R wave.

Lown-Ganong-Levine Syndrome  results from an accessory AV conduction pathway (James Bundle) which conducts atrial depolarization directly to the Bundle of His, bypassing the normal delay at the AV node.  LGLS is signified by no PR delay so that P waves are adjacent to there respective QRS.

Back to Ischemic Heart Disease
· Ischemia and Infarction:  an ECG reading of infarction is usually not valid when LBBB is present
Transmural infarctions = abnormal Q wave  which indicates necrosis.  Electrical forces always go away from the area of infarction.   
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Significant Q wave




Insignificant Q waves


> one small box (0.04 s) wide


N Q wave occurs in V 6 and VL, < 0.004 s/ 1small box, 25% of


>25% QRS total height in depth 


QRS total height


   

The leads demonstrating the abnormal Q waves signify the infarction location because infarcted tissue does not generate an


electrical signal (Ventricles depolarize from the endocardium to the epicardium).   Depolarization moving away from a positive 


electrode records a negative wave.  Signals from healthy tissue on the opposite region, pointing away from the infarct, cause a 


downward deflection in the Q wave over the infarct. However, abnormal Q waves need to be present in more than one lead to localize 


the area of infarct. (the following locations refer to the LV)

Ignore aVR when assessing Q waves as the information from it is unreliable for Q waves.

Inferior infarct:  The + L leg electrodes (inferior electrodes) record only the initial “away” vectors form the opposite side ( Q wave
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This type of infarct usually denotes occlusion of the RCA although the LCA can be 








involved (much less common in humans).

Lateral infarct:  the + L arm (lateral) electrodes records the initial “away” vectors form the opposite side ( Q wave 
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Pericarditis
flat or concave elevated ST segment
~ elevated ST segment and T wave off baseline

cause sudden death in With pericarditis, the ST segment is elevated and usually flat or concave. '7
y Right Bundle Branch Block M The entire T wave may be elevated off the baseline.

malady is not rare,

Note: Pericarditis is inflammation of the membrane (pericardium) that
surrounds the heart. Pericarditis may be caused by a virus, bacteria,
syndrome cancer, or other sources of inflammation, 1nclud1ng myocardlal

n infarction. -
fion
a peculiar, ST Pericarditis can elevate the ___ segment. It usually produces ST
V,. an elevated ST segment that is flat or slightly'c‘(ﬁ"\cab
(middle sags downward). This resolves with time.
aused by
ophylaxis against the Pericarditis seems to elevate the entire __ wave off the baseline; T
order to immediately that is, the baseline gradually angles back down (often including
n.) the P wave) all the way to the next QRS (illustration on right).
e-half of the sudden Note: The characteristics shown in the left illustration are found in
tural heart disease. leads in which the QRS is usually mainly negative (like the right chest

leads). The pattern shown in the right illustration is seen in leads where
the QRS is mainly positive (such as the lateral and inferior limb leads).
Sometimes PVC’s are produced.




     Think lateral infarction, L.I. or AVL and I).  This infarct usually involves the 








      circumflex branch of the L coronary artery.

Anterior infarct:  the + electrodes (chest or anterior electrodes) record only the initial “away” vectors form the opposite side ( Q wave
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An acute anterior infarction has pathologic Q waves and ST segment elevation








Antero septal:  V1, V2     LAD







  
Antero apical/ lateral:  V3, V4     distal LAD



Posterior infarct:  V1 and V2 are opposite the posterior wall (RCA), recording the inverse/ taller R waves, which are the abnormal Q 




waves of the posterior wall if it were measured.     Thus,  a posterior infarction appears the opposite of an anterior infarction with 


depressed  ST segment.  You can invert the tracing and look at it in a mirror or with a bright light behind it to confirm a 
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posterior infarction. A posterior infarct is caused by 









occlusion of the RCA.











The R waves in I are normally very thin.  DDx 









from RVH in that R axis deviation does not occur w/ 





posterior wall MI.


Generally, pathologic Q waves are permanent and do not determine acute events or post infarction status

     
Subendothelial infarctions have  no pathologic Q waves as remaining viable cells generate some signal.  


ST and T wave abnormalities generally represent ischemia or infarction. ST abnormalities and T wave abnormalities develop during the 


acute to the period a few days later.  



  
ST elevation:  ACUTE transmural MI ( muscle injury, w/ peaked T, depressed baseline.  





Prinzmetal’s angina and pericarditis can cause transient ST elevation w/o infarction.
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ST depression:  acute subendothelial MI, increased baseline.  Also occurs in a positive stress and in digitalis use.
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T wave inversion:  ischemia causing altered repolarization, infarction may or may not be present(symmetrical sides).  T wave 




inversion in a limb lead may be normal.  However, T wave inversion in leads V2 to V6 is pathologic.   Marked T wave inversion in 




V2 and V3 signifies stenosis of the anterior descending coronary artery (Wellens syndrome).  
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If a pathologic Q wave is absent with a present elevated ST segment then a non-Q wave infarction may be occurring and is usually a 


smaller infarct prior to a larger infarct




Brugada Syndrome:  unique down sloping, elevated ST segment.  A hereditary condition that can cause sudden death w/o 




the presence of heart disease.
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During recovery (subacute and chronic stages) ST segment is often the first to return to normal, then T wave.  A ventricular aneurysm 



can cause persistent ST elevation in most of the chest leads

· Blocks

Sinus block occurs when a dysfunctional SA note temporarily fails to pace for at least one cycle then returns to normal pacing.  Such a missed cycle can be noted by the absence of a p wave during the time of the missed cycle.

Sick sinus syndrome is a catch-all term for arrhythmias caused by SA  node dysfunction associated with unresponsive atrial and junctional (supraventricular) automaticity foci.  The superventricular foci are also dysfunctional and cannot employ escape rhythms to take over pacing.

AV Block


1st degree (1() AV block is a of AV node conduction resulting in a prolonged PR interval.  The PR interval is measured from the 


beginning of the P wave to the beginning of the R wave .  A prolonged PR > .20s (> 1 big box) and is consistently lengthened from 


cycle to cycle.

2nd degree AV block 


In 2( AV block, some atrial depolarization conducts normally to the ventricles resulting in a normal QRS while some atrial 


depolarization is blocked.  The result is a lone P wave without an associated QRS.


Mobitz:  a block of the Bundle of His or the Bundle Branches producing a series of cycles with paced P waves without QRS 




complexes followed by one normal PQRST complex .  Each repeating Mobitz block has a consistent ration of P waves to 




one QRS complex.  Every cycle has consistently timed P waves and the QRS is widened (BBB pattern)




Intermittent Mobitz occurs with BBB of one side and intermittent block of the other bundle branch.  The ECG demonstrates a 





continuous BBB with an occasional missing QRS.


Wenckebach:  a series of cycles with progressively longer PR intervals (progressive AV node block) until a P wave is





completely blocked at the AV node and a QRS response does not occur.  Each repeating Wenckeback series has a 





consistent P:QRS ratio with one less QRS complex than P waves.



A  2:1 AV block can be differentiated by a vagal maneuver, which increase parasympathetic inhibition of the AV node:  




Mobitz will become a 1:1 conduction (vagal maneuvers inhibit the block)




Wenckebach:  will increase cycles per series to 3:2 for example


3rd degree AV block



In 3( AV block, conduction is completely blocked between the atria and ventricles.  Any automaticity foci below the block still 




function and create escape rhythms:





Junctional pacing (40-60 bpm) will result from 3( block of the upper AV node and creates normal QRS complexes



Ventricular pacing (20-60 bpm) will result from 3( block of the entire AV node or Bundle of His and creates wide QRS complexes.


Bundle Branch Block 



Bundle Branch Block (BBB) is due to delayed depolarization of one ventricle in relation to the other.  This results in a wide QRS (>.12s 



or 3 small boxes) due to a 2nd R wave just after the first (R’) representing the delayed depolarization of the blocked ventricle.

 
 
RBBB is delayed depolarization of the R ventricle.  Unopposed by LV as it is depolarized, the RV causes an R' in V1 and V2 




(over the R ventricle) and a downward deflection (S wave) in V6.  The R and R’ are separated by a notable downward 




deflection.




LBBB is delayed depolarization of the L ventricle.  Unopposed by the RV as it is depolarized, the LV causes an R’ in V5 and V6 




(over the LV)  Initial downward deflection occurs in V1, absent Q wave in V 6 due to depolarization of R half of septum 





(vector points left).  The R' wave appears after the normal R wave in V 6 as a second peak or a flattened peak connecting 





the R and R’.  A second negative deflection appears in V1 instead of an R wave. 

· Hypertrophy: check V1

Atrial Hypertrophy is signified by a diphasic P wave (+ and – components)

 
If R atrium is enlarged, then the initial (+) component  of the diphasic P wave in lead V1 is enlarged  (> 2.5 mm)


If L atrium is enlarged, then lead the terminal (-) portion of the diphasic P wave in lead V1 is enlarged.


has a >1 mm wide and deep negative deflection.   P wave is best visualized in lead II.
    
RVH


R ventricular hypertrophy has a large R wave in V1 (R>S ).  Normally, the S wave is larger as depolarization moves away from this electrode.  The large R wave of V1 progressively declines from V1 to V4.  RAD occurs as the vectors now add up to the right side.

LVH



L ventricular hypertrophy has an exaggeration of the normal situation:  V5 or V6 have taller R waves than normal and V1, V2 have 


deeper S waves than normal.  Three common measurements of LVH are:

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

2. R in AVL > 11 mm 

3.  
R in lead I > 15 mm



There may also be ST-T depression in V5.  “Strain”  may show asymmetric, biphasic or inverted T-waves.



QRS axis < -30(, QRS my be wider up to .1 s but <.11 sec = LBBB which obscures reading of RVH or LVH or MI, etc


symptomatic

· Pericarditis

There is ST elevation (see infarction above) with a flat or concave ST segment.  The entire T wave may be elevated or off baseline.
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This side is seen in leads where





     This side is seen where the QRS is



the QRS is negative (R chest 





     mainly positive (lateral and inferior



leads)









     limb leads)

Rules on Rhythms

A. Nodal (AV node, not SA node)

B. Sinus source:  



Brady cardia <60, tachy >100, arrhythmia= sl. irregular (increase rate on inspiration).  

· Sinus arrhythmia: slightly irregular, increase rate w/ inspiration

· SSS:  RRR then it stops for a beat or two, then RRR, idioventricular rhythm

· Brady-Tachy syndrome:  alternating fast then slow

C. Atrial source

D. Paraventricular, Superventricular Tachycardia




complete irregularity, no sinus arrhythmia???

· flutter:  waves @ 300/min (1 box on ECG), often 2:1 (P:R???)= ventricular rate 150; to bring out increasing block have patient 


perform a Valsalva (slows atrial flutter and tachycardia quickly), carotid sinus massage also (one side at a time only) gently then 


firmly will break rhythm from 1:1 to a 4:1.

· WAP:  P waves go up and down, change width

· MAT:  (multifocal atrial tachy) multiple foci up and down variable P waves.


E.  Ventricular source:



L bundle branch block can be similar to v. tachy



flutter:  no output, need to cardiovert

Predisposing Factors:

· Sinus brady:  hypothyroid, athletic heart, intrinsic (normal)

· Sinus tachy:  anxiety, caffeine, fever, failure, low blood pressure, drugs, hyperthyroid

· Atrial tachy:  Wolf Parkinson White syndrome (delta wave:  accessory bundle between A and V, do not have to go through AV node (Bundle of Kent).  Goes through one bundle then backwards through the other bundle like squirrels around a tree, faster and faster) , aberrant, digitalis excess

· bigeminy:  1 normal alt w/ 1 PVC

· trigeminy:  2 normal alt w/ 1 PVC
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